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DEDICATION

This book is dedicated to the Alexander von Humboldt Foundation, Germany for her
special support for outstanding African Scholars.

The book also is dedicated to the poor and hungry people in the African Continent who
have woken up today to uncertainty, insecurity and poverty.






FOREWORD

Research on biotechnology and climate change issues is of major importance for
developing countries. This peer-reviewed publication provides an overview of current
Nigerian research projects on these topics. The book, containing peer-reviewed
articles, is based on a conference, which took place at Obafemi Awolowo University in
Ile-Ife, Nigeria, in August 2009 and which was mainly sponsored by the Alexander von
Humboldt Foundation.

The Humboldt Foundation is a German non-profit organisation promoting academic
cooperation between excellent scientists and scholars from Germany and abroad. Every
year, the foundation sponsors approximately 1,800 research fellowships and awards.
The greatest asset of the Humboldt Foundation is its international alumni network. It
embraces 42 Nobel Laureates and approximately 23,800 scientists and scholars
from all disciplines in more than 130 countries who are closely associated with Germany.
Nigeria has one of the strongest Humboldt networks on the African continent. It
comprises about 180 scientists and scholars from all major Nigerian universities.

To support its international network, the Humboldt Foundation provides financial
support to organise regional and specialist conferences (so-called "Humboldt Kollegs").
The Humboldt Kollegs have rapidly become one of the most popular instruments for
strengthening regional and specialist networks. The majority of participants in these
conferences are Humboldtians from a specific region or a major specialist field.

The Humboldt Kolleg at Obafemi Awolowo University has been part of the "Africa
Initiative 2008-2009" that the Humboldt Foundation has launched with special support
of the German Foreign Office to strengthen the local and regional networks in Africa.
The Humboldt Foundation is grateful to the organisers and co-sponsors of the
conference for their commitment.
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FROM THE EDITORS

It is our joy to publish the full texts of the peer-reviewed articles presented at the
Humboldt Conference of August 3-7, 2008. We thank the Alexander von Humboldt
Foundation, Bonn, Germany for providing the funds for the Conference and for the
publication of this book. The Editors also appreciate the painstaking efforts of the
reviewers who responded promptly to peer-review requests. Reviewers' comments went
a long way to improve the academic qualities of all the articles contained in this book.

We are certain that the articles contained in this book will be of immense values to
undergraduate, postgraduate, postdoctoral and full-time researchers on topics that are

related o food, health and environmental issues in developing countries.

Editor-In-Chief:
Odunayo C. Adebooye PhD, MCRA, Humboldtian

Co-Editors:

Kehinde A. Taiwo PhD, Humboldtian
Andrew A. Fatufe PhD
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ASSESSMENT OF FISH FARMERS’ PERCEPTION OF CLIMATE CHANGE AND
ADAPTATION STRATEGIES IN NIGERIA: OSUN STATE EXPERIENCE.
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Abstract

The study assessed adaptation of Osun State fish farmers to climate change with a view to providing
sustainable adaptive strategies to vagaries of weather in Nigeria.

Quantitative data were collected with an aid of structured questionnaire. Descriptive statistics such
as frequency distribution, percentages, mean and standard deviation were used to summarise the data
while Multinomial Logit Model and Adaptation Strategy Index were used to determine the choice of
Adaptation Strategies and the extent of use of the strategies by fish farmers in the State. The results
showed that the mean age of fish farmers was 48 years and the mean fish farming experience was 8
years. About 75 percent of the respondents perceived climate change but only 29 percent of them took
actions to reduce the impacts of the climate change.

Adaptation strategies used to reduce the impacts include reinforcement of dyke, provision of shade,
and practice of polyculture. Others include, ensure free flow of water, change stocking periods and
provision of reservoir. Adaptive Strategy Use Index showed that reinforcement of dyke was mostly
used among the adaptive strategies followed by provision of shade, practice of polyculture, free flow
of water, change stocking period and provision of reservoir. Also Multinomial logit model showed that
fish farming experience, education, information and size of fishpond are important factors to be
considered when planning climate change programmes for fish farmers.

The study concluded that many fish farmers perceived change in climate but few of them attempted
to reduce the impacts of the change by adopting different adaptation strategies.

INTRODUCTION

Nigeria is one of the countries of the world that are frequently affected by disasters as a result of natural
processes. About three quarters of these disasters are related to extreme weather and climate events
including droughts, floods, extreme temperature, thunderstorms and desertification (Ayeni, 2004).
These usually result in destruction of properties and loss of many socio — economic activities.
Significant changes in the frequency and intensity of draught, strong wind leading to desertification
have been noticed in recent years . Nigeria has not fully recovered from the impact of the 1973
Sudano-sahelian Drought, which is the longest and severest in the country. Both the flora and fauna
ecosystems were affected by change in climate. It is clear that climate change in many parts of the
world, adversely affects socioeconomic sectors, which include water resources, agriculture, forestry,
fisheries and human settlements, ecological systems and human health (IPCC, 2001). Apart from the
landless and urban poor, small-scale farmers including fishers and fish farmers are among the most
disadvantaged and vulnerable groups in the developing world. The challenge now is how to prevent

or reduce the impact of climate change on livelihood style among Nigerians. Since it is very difficult



to control many of these natural phenomena like drought and flood, the best approach to reduce the
impact is adaptation.

Adaptation is the adjustment in natural or human systems in response to actual or expected climate
stimuli or their effects, which reduces harm or exploits beneficial opportunities (IPCC, 2004).
Oluwatayo (2008) opined that adaptation to climate change takes place through adjustments to reduce
vulnerability or enhance resilience in response to observed or expected changes in climate and
associated extreme weather events. Adaptation occurs in physical, ecological and human systems. It
involves changes in social and environmental processes, perceptions of climate risk, practices and
functions to reduce potential damages or to realise new opportunities. Agriculture is the economic
mainstay accounting for about 20-30 percent of GDP in sub-Saharan Africa and representing up to 55
percent of the total value of African export (Sokona and Denton, 2001). In fact, 70 percent of all
Africans and nearly 90 percent of their poor works primarily in agriculture (World Bank, 2000).

In Nigeria, the effect of climate change on agricultural productivity is particularly important in that
agriculture is the single most important occupation (employing over 65 percent of Nigerians) and
second largest export earner after petroleum. Because of Nigeria’s heavy dependence on agriculture,
the effects of climate change on productive croplands and aquatic activity are likely to threaten both
the welfare of the population and the economic development of the country (CBN, 2004; Oluwatayo et
al., 2009). As indicated by Dabi et al., (2007), many rural households in Nigeria typically have low
capacity to adapt because of very limited financial, natural, physical, human and social capital. In
Nigeria and other parts of Africa, fish is produced either through artisanal (open water fisheries) or
fish farming, which is the raising of fish species in a controlled volume of water. VSO (2002) reported
that Egypt and Nigeria among countries in Africa have recently shown growing output in fish
production. Fish production contributed 43.97 billion naira to GDP in Nigeria in 1998. This increased
to 128.29 billion naira in 2004. Also production from fish farming has steadily increased from 42,000
tonnes in 1998 to 232,000 tonnes in 2006. However, this production is still very low when compared
to artisanal fish production that increased from 190,000 tonnes in 1998 to 230,700 tonnes in 2004
(CBN, 2004).

FAO (2008) reported that fisheries and aquaculture contribute significantly to food security and
livelihoods especially in the developing countries. For example: Fish (including shellfish) provides
essential nutrition for 3 billion people and at least 50 per cent of animal protein and minerals to 400
million people from the poorest countries. Over 500 million people in developing countries depend,
directly or indirectly, on fisheries and aquaculture for their livelihoods. Aquaculture is the world’s

fastest growing food production system, growing at 7 per cent annually.

Overview of Climatic Situation in Nigeria

Climate change impact depends on a range of the climatic parameters such as the countries socio-
cultural, geographical and economic backgrounds. The location and size of, and the characteristics

relief in Nigeria give rise to six varieties of climate ranging from mangrove, fresh water swamp and



rain forest to the south while guinea savanna, sudan savanna and sahel savanna are to the northern part
of the country. The climate of the country strides from a very wet coastal area with annual rainfall
greater than 3,500mm to the sahel region in the northwestern and northeastern parts with annual
rainfall less than 600mm. The inter-annual variability of rainfall, particularly in the northern parts is
large; often result in climate hazards, especially floods and droughts with their devastating effects on
food production and associated calamities and sufferings. More often than not, certain parts of Nigeria
receive less than 75 percent of their annual rainfall and this is particularly worrisome in the north. By
virtue of Nigeria’s location primarily within the lowland humid tropics, it is generally characterized by
a high temperature regime almost through the year. In the far south, mean maximum temperature is
between 30°C and 32°C while in the north it is between 36°C and 38°C. However, the mean minimum
temperature is between 20°C and 22°C in the south and under 13°C in the north, which has a much
higher annual range. The mean temperature for the country is between 27°C and 29°C, in the absence
of altitudinal modifications (Oluwatayo et al., 2008).

Based on the projection of Intergovernmental Panel on Climate Change (IPCC, 2001), the humid
tropical zone of southern Nigeria, which is already too hot and too wet, is expected to be characterized
by increase in both precipitation (especially at the peak of the rainy season) and temperature. Already,
temperature increases of about 0.2°C - 0.3°C per decade have been observed in the various ecological
zones of the country, while drought persistence has characterized the sudan-sahel regions, particularly
since the late 1960s. For the tropically humid zones of Nigeria, precipitation increases of about 2-3
percent for each degree of global warming may be expected (Oluwatayo et al., 2009).

Thus, it is reasonable to expect that the precipitation would probably increase by approximately 5-
20 percent in the very humid areas of the forest regions and southern savanna areas. The increase in
temperature in these areas would also possibly increase evaporation, reducing the effectiveness of the
increase in precipitation.

According to IPCC projections, rainfall in the very humid regions of southern Nigeria is expected
to increase. This may be accompanied by increase in cloudiness and rainfall intensity, particularly
during severe storms. It could also result in shifts in geographical patterns of precipitation and changes
in the sustainability of the environment and management of resources. However, since the increase in
temperature could increase evaporation and potential evapo-transpiration, there would be tendency
towards “droughts” in parts of these humid areas of the country. In fact, recent studies have shown that
precipitation decrease in the humid regions of West Aftrica, including southern Nigeria. Since the
beginning of the century, it is about 10-25 percent or about 2-5 percent per decade. If this trend
persists, rainfall in the humid regions of southern Nigeria may be about 50-80 percent of the year 1900
values by the year 2100. With increase in ocean temperatures, however, there could be increase in the
frequency of storms in the coastal zone of the country. In contrast to the humid areas of southern
Nigeria, the savannah areas of northern Nigeria would probably have less rainfall, which, coupled with
the temperature increases, would reduce soil moisture availability. Recent studies have indicated that

the sudan-sahel zone of Nigeria has suffered decrease in rainfall in the range of about 30-40 percent or



about 3-4 percent per decade since the beginning of the nineteenth century. Already, these savanna
and semi-arid areas suffer from seasonal and inter annual climatic variability, and there have been
droughts and effective desertification processes, particularly, since the 1960s (Ifidon, 2008).

Climatic change will affect fisheries, both the fish farming and catches in open water.
Abandonment of some active fishponds was noticed in Osun State for some years back. Among the
reasons given by the owners (victims) of these fishponds during the study include dryness of source of
water, flooding of fishpond, spillage due to destruction of dykes by flooding and low marginal profit
of the enterprise. Though, some of these problems could be traced to poor knowledge level of fish
farmers, majority were attributed to climatic change. Knowledge of the climate conditions of Nigeria
and the adaptation options available to fish farmers would assist policy makers to decreasing

vulnerability of fish farmers to problems of climate change.

OBJECTIVES OF THE STUDY

The specific objectives of the study are to
(1). identify the socio-economic characteristics of fish farmers in Osun State,
Nigeria;
(i1). determine the perception of fish farmers to climate change;
(ii1). determine factors responsible for the choice of adaptation strategies by fish
Farmers; and
(iv). identify adaptation strategies of fish farmers and the extent of use of the

Strategies.

METHODOLOGY

The study was carried out in Osun State, Nigeria. Osun State is made of thirty Local Government
Areas (LGAs). It is situated in the rainforest zone of the country with pockets of derived Savanna.
Osun State is found in the southwestern part of Nigeria. It lies between Longitude 21.65° and 6.75°
East of Greenwich meridian and Latitude 6°59' and 9° North. Ondo and Oyo State bound it in the East
and West, respectively while Kwara and Ogun States are its boundaries in the north and south
respectively. The State has landed area of 925,100 hectares or 9251 square kilometres with population
of 3,423,535 according to 2006 population census in Nigeria. Fish farmers were the targets of the
study. The State was divided into three agricultural zones namely Iwo, Osogbo and Ife/ijesa under the
Osun State Agricultural Development Programme (OSSADEP). The division was due to climatic

variability as experienced by the vegetation in each zone.

DATA COLLECTION

Data were collected from active fish farmers in Osun State. These are the farmers that carry out

routing management practices on their fish farms as at when due. Proportionate sampling technique



was used to select three hundred (300) fish farmers from the three agricultural zones. The proportion
of number of registered fish farmers in each agricultural zone was used to select respondents. The
number of respondents selected was 72, 103 and 125 from Ife/ljesa, Osogbo, and Iwo zone,
respectively. Data collected include perception of climate change, adaptation strategies to climate
change, and the extent of use of the adaptation strategies apart from socio — economic variables. The
adaptation strategies for this study were based on asking farmers about their perceptions of climate

change and the actions they took to reduce the impacts of climate change.

ANALYTICAL METHODS

Dependent variables are the adaptation strategies. This is the number of adaptation strategy indicators
employed by each farmer. These are reinforcement of dyke, provision of shade, practice of
polyculture, ensure free flow of water, change stocking period and provision of reservoir.

Multinomial Logit (MNL) model was used to determine the extent of usage of the adaptation
strategies. . Kurukulasuriya and Mendelsohn (2006) and Seo and Mendelsohn (2006) used MNL
model to analyse crops and livestock respectively on choice of respondent’s adaptation on the negative
impact of climate change. MNL was used because it permits analysis of decisions across more than
two categories, allowing the determination of choice probabilities for different categories.

In MNL model, if y denote a random variable taking on the values of {1,2...J} J denotes a positive
integer, and if x denote a set of conditioning variables. In this case, y denotes adaptation options and x
contains respondents attributes like age, education etc.

Let y be a | x k vector with first element unity. The MNL model has response probabilities:

J
Py =jlx) =exp (xp;) /[1 + 3 exp(xph), J =1I...
h=1
Information on climate change was also positively significant with Reinforcement of Dyke and
Change of Stocking Period; Where B; is k x1,j=1...j

For this study, the adaptation strategies were six:

(1) Reinforce the dyke with clay or even concrete

(2) Provision of shade with plantain or other crop

(3) Practice polyculture

(4) Ensure fresh water frequently

(5) Change stocking period due to climate change

(6) Provision of reservoir between fishpond and source of water.

Parameter estimate of MNL model require that the probability of using a certain adaptation option
(that is Pj |Pk is independent of the remaining probabilities).

Uj=pj Xj+>jand Uk =B k Xj +>k..



Uj and Uk are perceived utilities of adaptation options j and k, respectively, Xj is the vector of
explanatory variables that influence the perceived desirability of the method, Bj and Bk are parameters
to be estimated, and €j and €k are error term (Green,2000).

The parameter estimates of the MNL model provide the direction of the effect of the independent
variables on the dependent (response) variables. Parameter estimate coefficient provides the actual
magnitude of change or probabilities in SPSS. The marginal effects measures the expected change in
probability of a particular choice being made with respect to a unit change in an independent variable
from the mean (Koch,2007).

Adaptive Strategies Use Index (ASUI): ASUI was used to access the extent of use of the
different climate change adaptive strategies by fish farmers. In analyzing the extent of use of any of
the options by fish farmers, an Adaptive Strategy Index (ASI) was developed by ranking. The extent
of use of the ASI was then expressed using a four-point scale with the scoring order 3, 2, 1 and 0 for
frequently used, occasionally used, rarely used and not used respectively. The formula to obtain the
ASI score was adapted from Islam and Kashem (1999) where they estimated the use of Ethno-
veterinary medicine in livestock management and rearing. This was modified to obtain the ASI as:
Ny x3+Nox2+N3x 1 +Nyx 0

Where,

ASUI = Adaptive strategies use index

N;= Number of fish farmers using a particular ASI frequently

N,= Number of fish farmers using a particular ASI occasionally

N;= Number of fish farmers using a particular ASI rarely

N4= Number of fish farmers not using any of the adaptive strategies.

The ASUI was used in rank order to reflect the relative position of each of the ASI in terms of their

use. The extent of use of the ASI was then obtained for the sampled fish farmers in the study area.

RESULTS AND DISCUSSION
Characteristics of Fish Farmers

Data in Table 1 show that the mean age of fish farmers in Osun State was 48 years. Majority (92%)
were male. This shows partial involvement of female in fish farming in the State. This supports the
findings of Adesoji (2009). Also majority (96.7%) were married. This means that fish farming is a
major occupation for the married people in the study area probably for obvious family labour supply..
Only 7.6 percent of respondents had no formal education. The mean year of schooling was 12 years
and standard deviation of 5.4. Majority (77.5%) of fish farmers were part time farmers while the mean
years of fish farming experience was 8 years. Extension contact was not very encouraging, only 51.7
percent had contact with extension for training in fish farming practices. This may be due to the fact
that very few farmers joined fish farmers association and extension is tending more towards group

demand-driven extension advisory services in Nigeria.



Fish Farmers’ Perception of Climate Change

Data in Figure 1 show that majority (74.5%) of fish farmers in Osun State perceived that there is a
change in climate, which affected their fish farming. These changes are high temperature leading to
low level of water, low rainfall and at times very high and stormy rainfall which may lead to flooding
and spillage of fishpond dyke. But only 28.1 percent of these farmers attempted to take precautions
(adaptation) that could reduce the impacts of the climate change. The adaptation strategies that farmers
reported are reinforcement of dyke, provision of shade, practice of polyculture, ensure free flow of
water, change stocking period and provision of reservoir.

These were assumed that their actions and perception were driven by climate factors rather than
profit based on Maddison (2006) method.

Data in Table 2 show the parameter estimate for marginal effect (coefficient) of Multinomial Logit
Model that measures the expected change in probability of a particular choice of adaptation with
respect to a unit change in an independent variable.

Age of respondents show a positive sign towards all the strategies of adaptation. This shows that as
the age of fish farmers increases, the probability of increase in the choice of adaptation strategies to
climate change also increases. If the age of fish farmers were to increase by 1 year, the multinomial
log of preferring reinforcement of dyke as an adaptation strategy would increase by 0.086 units while
holding other strategies at a constant. Also, the probability of chosen provision of shade and practice
of polyculture would also increase by 0.082 and 0.086 units respectively. If the age of fish farmers
were to be increased by 1 year the choice to increase adaptation of ensuring free flow of fresh water,
change of stocking period, and provision of reservoir by 0.085, 0.089 and 0.084 units, respectively. All
the six adaptation strategies were positively significant at 1 percent for age of fish farmers in Osun
State.

Fish farming experience, which is a factor of age, also influences the choice of some adaptation
strategies. For example, if the fish farming experience of fish farmers in Osun State could be increased
by 1 year, the probability of chosen reinforcement of dyke as an adaptation strategy would increase by
0.004 units. This is significant at 10 percent. Also the probability of chosen provision of shade as an
adaptation strategy would also increase by 0.017 units, P < 0.05; and the choice of provision of fresh
water significant at P < 0.01 and change of stocking period significant at P < 0.05 would increase by
0.013 and 0.004 units, respectively.

Education, which was measured by years of schooling, is another very important factor that
influences choice of adaptation strategy by fish farmers in Osun State. All the six adaptation strategies
considered in the study were positively significant at P < 0.05. If the years of schooling could be
increased by 1 year, the choice of reinforcement of dyke as an adaptation strategy would increase by
0.085 units. Likewise, provision of shade, practice of polyculture and ensuring provision of fresh
water’s choice as adaptation strategies would increase by 0.081, 0.083 and 0.083 respectively.

Extension contact was positively significant at P < 0.01 with the choice of ensuring provision of

fresh water as an adaptation strategy for fish farmers. An increase in extension contact by 1 unit would



increase the choice of ensuring provision of fresh water by 0.289 units. Parameter estimate show a
negative sign for choice of provision of shade, practice of polyculture and provision of reservoir. This
means that the choice of these adaptation strategies would decrease with increase in extension contact.
But the coefficient was not significant enough to influence their choice as adaptation strategies.
Information on climate change was also positively significant with reinforcement of dyke and
change of stocking period as adaptation strategies. For example the Multinomial log show that if the
source of information on climate change to fish farmers could be increased by 1 unit, the probability of
choice of reinforcement of dyke as an adaptation strategy would increase by 0.453 units. Also if the
sources of Information on climate change could be increased by 1 unit, the choice of change of
stocking period of fish farmers as an adaptation strategy would increase by 0.395 units. Parameter
estimate has negative effect for provision of shade, practice of polyculture, ensuring provision of fresh
water and provision of reservoir as adaptation strategies. This means that when the source of
information on climate change increases, the choice of these adaptation strategies will decrease.
However, the coefficient was not significant enough to influence their choice as adaptation strategies.
Parameter estimate show a positive sign for size of fishpond and all the six adaptation strategies.
This means that size of fishpond would positively influence choice of adaptation strategy of fish
farmers. However, only reinforcement of dyke was significant at 10% level to be chosen. This shows
that as the size of fishpond increases by 1 unit, the choice of reinforcement of dyke as an adaptation
strategy would not increase (0.00). It is important to note here that sex, marital status, size of
household; farm type and income have no significant effect for the choice of any of the six adaptation
strategies discussed. This means that sex, whether male or female does not influence choice of
adaptation strategy. Also whether married or single, (marital status) does not influence the choice of
an adaptation strategy. Farm type, whether full or part time; and income do not influence the choice of

an adaptation strategy of a fish farmer.

Determining factors influencing farmers’ choice of adaptation strategies

The significant adaptation strategies could be used to determine important factors influencing fish
farmer’s choice of adaptation strategies. For example, education increases the probability of adaptation
to climate change. Moreover, all the marginal values of education are positive across all adaptation
strategies (shown by parameter estimate). This indicates a positive relationship between education and
adaptation to climate change.

Age and fish farming experience also influenced adaptation to climate changes. All the marginal
values are also positive. This indicates a positive relationship between fish farming and adaptation to
climate change. Extension contact and information (information factors) in like manner influenced
adaptation to climate change. Almost all the marginal values are positive across adaptation options
indicating a positive relationship between institutional factors and adaptation to climate change. Size
of fishpond is another factor that positively influenced adaptation of climate change. These factors are

very germane to policy decision-making especially for fish farmers in Nigeria.



Adaptation Strategy Usage Index (ASUI)

Data in Table 3 show the frequency of usage of the climate adaptation strategies, using Adaptive
Strategy Index (ASI). The results show that reinforcement of dyke ranked best among the six
adaptation strategies considered in this study. This shows that flooding which can cause spillage was
one of the problems troubling fish farmers in Osun State and they use dyke reinforcement to reduce
the impact. This was followed by provision of shade. Provision of shade is a strategy that is prominent
among small scale fish farmers. Osun State has majority of fish farmers as small scale (Adesoji, 2009).
Practice of polyculture ranked third while ensuring free flow of fresh water ranked fourth. Polyculture
is based on the idea that climate change may cause the death of some fish species while the hardy ones
would survive the unpleasant climate. However, this may not be economically viable. Free flow of
fresh water is necessary in fishpond, but it might be a mirage when the source of water is dried or
getting dried to the extent that enough water could not be supplied. This could occur if the dry season
is extended; and intensity of sunlight evaporates available water. Change of stocking period and
provision of reservoir ranked fifth and sixth respectively among the six adaptation strategies.
Changing of stocking period is possible when it is possible to predict that climate would be
unfavourable. This would be possible when fish farmers have the knowledge of climate change
variability. Provision of reservoir is an adaptation strategy that attracts few people; this might not be
unconnected with the high cost of this strategy. The reservoir will conserve excess water that could
cause flooding during the period of heavy rainfall; and such water is released into the fishpond when
there is water stress during long dry periods. Apart from the fact that construction of reservoir is
expensive, another challenge facing small-scale fish farmers that lined the wet lands and river banks
with their ponds and use plantains and banana trees as shades is that most of the wetlands and river
banks are completely submerged in water during all the peak periods of rainy season. This requires
experience to get rid of excess water so that the fishpond may not be flooded. This makes their

production seasonal when the experience is lacking.

CONCLUSION AND RECOMMENDATIONS

Climate change like high temperature, low rainfall and at times very high and stormy rainfall which
may lead to flooding and spillage of fishpond dyke affects fish farmers like any other farmer. These
farmers adapted to climate change by using different strategies such as reinforcement of dyke,
provision of shade, practice of polyculture, ensure free flow of water, change stocking period and
provision of reservoir. Majority of the fish farmers perceived climate change through extreme
variations in weather conditions and its attendant effects on fish farming even though few of them
made efforts to reduce the impacts.

The study identified some factors like fish farming experience, education, information and size of
fishpond as vital factors that influences choice of adaptation strategies to climate change in fish
farming; and could be considered when planning and implementing policy for fish farmers especially

on climate variability.



RECOMMENDATIONS FOR POLICY MAKERS

1 Awareness about climate change should be raised through community and group approaches
among fish farmers with appropriate adaptation strategies, which can be part of programme content
for empowerment

2 Periodic information should be provided in print and electronic media for fish farmers on
functional group basis through effective and relevant advisory services..

3 Adaptable fish species should be developed that will be resistant to harsh weather conditions.
This will be a major focus of action for Ecological Fish Hatchery Centre as suggested by Farinde and
Adesoji (2008).

4  Fish farming experience, education, information and size of fishpond are some of the
important factors to be considered when planning and implementing adaptation strategy policies for
fish farmers.

5  When fish farmers perceived heavy rainfall that may cause flooding, extension agents should
be invited to guide them on the appropriate adaptation strategy and necessary adjustment to the
fishpond.

6 In places of frequent high temperature leading to low level of water in fishpond, reservoir

should be provided with the fishpond to supply water when the level of water becomes very low.
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Table 1: Distribution of fish farmers by Age, Sex, Marital status, Education, Extension contacts,

Variables

Age
20-40
40 - 60
<60
Sex
Female

Male

Marital status
Single
Married

Years of schooling
No education

1 — 6 years

7—12 years
13-18

> 18 years

Fish farming experience
1 — 4 years
5-8

Extension contact
No
Yes

and Fish farming experience

Freq.

49
244
17

20
280

292

23
27
153
67
30

66
234

144
156

N =300

16.3
78.1
5.6

6.6
92.7

2.6
96.7

7.6
9.0
51.0
22.3
10.0

21.8
77.5

47.7
51.7

Percentage Mean

48

12

8 years

Source: Field survey, 2009
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Table 3: Ranking of Climate Adaptation Strategies by Frequency of Usage

Adaptation Frequently | Occasionally | Rarely | Not Used | ASUI Percent of | Rank
Strategies used Used Used respondents
Provision  of | 200 20 15 9 655 25 2
shade
Polyculture 107 62 7 24 452 17.3 3
Reinforce Dyke
160 104 98 64 786 30.0 1
Ensure Free
Flow of water
110 4 32 60 370 14.1 4
Change
stocking period
99 18 22 10 355 13.6 5
Provision  of
reservoir 0 0 2 102 2 7.6 6
Y=
2620
Source: Field survey, 2009
@ Series1

NO

Yes

Fig.1:Perception of fish
farmers to Climate Change
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@ Reinforce Dyke
W Prov.Shade
0 Prac.Polyculture

O Free flow of
Water

B Change Stocking
period

E Prov. Reservoir

Figure 2: Adaptive strategies used by fish farmers to reduce impacts of climate change.

Source: Field survey, 200
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Abstract

The paper explores the relationship between stored-grain insect pests and climate change, distribution
of losses along crop production chain, the conventional grain drying and storage systems among
Nigerian farmers, relationship between postharvest biotechnologies and climate change; practical
guiding principles for effective on-farm grain storage, and features of gender responsive on-farm
technologies appropriate for curbing the escalating on-farm postharvest grain loss in Nigeria.
Exploratory methodological approach was adopted in eliciting the secondary data used in this paper.
Postharvest loss constitutes more than 70 percent of the annual loss experienced by average grain
growers in Nigeria. On-farm postharvest grain loss is contributing significantly to the current food
insecurity because of the inadequate drying and storage systems available to Nigerian farmers. Grain
insect pests produce CO, among other respiratory products; contributing to the concentration of CO,
in the atmosphere (although insignificantly), which is a potential greenhouse gas causing climate
change. Climate change, particularly increase in temperature, on the other hand, enhances the
multiplications of insects and micro-organisms within the stored-grain eco system, especially in the
tropical region. Postharvest activities are traditionally women’s responsibilities, coupled with the fact
that women are the majority of the agricultural workforce in Nigeria. Consequently, adoption of
gender responsive postharvest technologies will produce feasible sustainable agricultural development
in Nigeria.

Keywords: Grain Insect pests, Disinfestations, Climate change, Gender, Postharvest technologies,
Sustainable, Agricultural development, Nigeria.

INTRODUCTION

Growing cereals and protecting them until use for seeding and/or consumption have been major
preoccupation of human being since the inception of the agriculture about 10, 000 years ago (Sinha,
1995). A larger population of Nigerian farmers grow cereal grains for consumption and sales. Grain is
a major component of food in Nigeria, cutting across all age categories. Population of 53 developing
countries derive 40% of all food energy from cereals (World Almanac and Book of Facts, 1991).
Human population which consumes cereal food was estimated to be about 200 million in 1 A.D. as
compared with 5.3 billion in 1990 and projections of 6.1 billion in 2000 and 8.1 billion in 2025 (World

Almanac and Book of Facts, 1991). With the ever increasing demand for cereals for human
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consumption, any losses during production and storage can have an adverse effect on the human
population.

The common knowledge about biotechnology limits its application to the production stage of
agriculture, which involves the manipulation of the plants’ and animals’ genetically in order to
increase food production. One of the less recognized aspects of biotechnology is its application at the
postharvest stage of agricultural production. A broad definition of biotechnology is "The application of
indigenous and/or scientific knowledge to the management of (parts of) microorganisms, or of cells
and tissues of higher organisms, so that these supply goods and services of use to the food industry
and its consumers” (Bunders et al., 1996). This definition encompasses the postharvest
biotechnologies, which involves the application of scientific knowledge of the thermal properties of
the insect pests and micro-organisms within various stored-crops eco-systems to manage their
infestation through the application of scientific heating systems such as radio frequency and
microwave. Biological engineering is a branch of engineering that focuses on biotechnologies and
biological sciences, and includes different disciplines such as biochemical engineering, biomedical
engineering, bio-process engineering, biosystems engineering, etc (Anonymous, 2009). Postharvest
biotechnologies are the products of the biosystems engineering, focusing the postharvest stage of
agricultural production. Postharvest biotechnologies become most significant in the developing
countries’ agricultural development, because lack of adequate postharvest handling systems is a major
problem confronting the agricultural production in these nations.

When quantity and quality of crops produced outweighs quantity and quality distributed after
production (due to post harvest loss) there is bound to be food insecurity. Food security is not based on
how much is produced but how much is available for distribution and eventual utilization and
consumption by the people. Hence, there can be hunger and food scarcity in the midst of plentiful food
production if adequate strategies are not adopted to minimize crop loss after production.

Insect pests are the major infesters of stored grain. Over 100 species of insect pests have been
found in stored grain and over 355 species of mites have been recorded in stored products (Sinha,
1991).Current primary natural reservoirs for stored product insect pests are bark and decomposing
wood, nests and food caches of other insects, all of which can be found near man-made storage
structures (Linsley, 1944), and infested grain residue and storage containers (Smith and Barker, 1987;
Cink and Harien, 1989). The stored grain ecosystem is the most suitable environment for many
categories of insect pests, especially fungivores and seed primary feeders. Proper drying of the grains
after harvesting can minimise insect pest infestations during storage. The complex interaction among
the animals as fungivores, granivores, predators or parasites, and the environment, the microflora and
the stored grain or other food result in ongoing population fluctuations, species succession, and
degradation of human food (Sinha, 1973a; b ; Wallace and Sinha, 1981).

Understanding of the complexity in the interaction between the grain insect ecosystem and the
climatic conditions is significant to effective “war against climate change”. Likewise awareness about

the gender issues relating to postharvest activities is essential for effective gender responsive
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technological intervention required for sustainable agricultural development in Nigeria. Gender is a
social construct which is based on societal cultural norms and values that defines the roles and
responsibilities, opportunities and privileges, of an individual within the society. Gender responsive
technologies are those innovations without any bias (social, biological, and economical) to the gender
of the user. Some of the agricultural technologies adopted in Nigeria are gender specific; mostly
designed for either men or women gender. Examples of such gender specific agricultural technologies
are tractor, harvester, and most chemical application equipments, etc, are designed for men.
Traditionally, women and children (male and females) are the majority of the agricultural workforce in
Nigeria, especially the postharvest activities; hence gender responsive technologies will be more

appropriate for curbing the prevailing postharvest loss in Nigeria.

OBJECTIVES OF THE STUDY

This paper was conceived to help define the complex relationship between insect pest ecosystem and
climate change as a basis to identifying gender responsive postharvest technologies for grain pest
disinfestations in Nigeria through the following specific objectives:

e  Describe the relationship between stored grain pests and climate change;

e  Discuss the distribution of loss incurred by grain farmers in Nigeria along the crop production
chain;

e  Document the conventional on-farm postharvest grain handling methods among Nigerian
farmers;

e  Describe the relationship between postharvest biotechnologies and climate change; Highlight
the principles guiding effective on-farm grain storage; and

e  Discuss the features of appropriate gender responsive on-farm postharvest technologies for

Nigerian farmers’ adoption.

STORED GRAIN INSECT PESTS AND CLIMATE CHANGE

A stored-grain bulk is a manmade ecological system in which deterioration of the stored products
results from interaction among the physical, chemical, and biological factors (Jayas, 1995). Post
harvest food losses are estimated to range from 9% in the United States, but up to 50 % in some
developing nations (Sinha, 1995).

Effective grain storage involves minimising the infestation of the grain by pests. Much of the loss
results from invasion of the grain mass by microflora, arthropod, and vertebrate pests. Most
developing countries lack appropriate technological devices to store excess cereal grain produced
during bumper seasons. Investigations by the lead author identified conventional grain disinfestations
strategies among Nigerian farmers such as: hanging the grain-bulk over fire sources in the house, sun
drying, spraying with fumigants, storing in local airtight containers such as drums and sacs,

underground and under house-roof storage, etc. These conventional grain disinfestations are mostly
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inadequate as they can not be used conveniently for considerably large quantity of grain over a longer
period of time. Losses of food grain in developing countries arise from deficiencies in farmers’
handling and storage methods (Sode ef al., 1995).

Heat, moisture and CO, are produced during deterioration of grain by the pests. The generated heat,
moisture, and CO, move within and out of the grain mass, even to the surrounding atmosphere. The
CO, produced is consequently released into the atmosphere thereby contributing to increase in
greenhouse gases in the atmosphere. Greenhouse gases effect in the atmosphere results in global
warming and consequently, climate change. Climate change is a phenomenon whereby the weather
conditions becomes unpredictable due to alteration caused by the emitted heat by the greenhouse gases
interruption such as CO,, water vapour, and others from the earth surface to the atmosphere.

The survival and reproduction of biological agents (insect pests, micro-organisms, etc) in grain bin
are dependent to a great extent on the external temperature and moisture levels. Heat produced from
the respiration of the biological agents in the stored grain bulk is transferred to the surrounding
environment based on the temperature gradient. According to Sinha (1995) the climate and storage
conditions are generally more favourable for pests in the developing countries as compared with
developed countries.

The amount of solar radiation striking the storage structure is dependent on the annual number of
cloud free hours and the latitude and altitude of the location (Jayas, 1995), which influences the
multiplication of the biological agents inside the grain bin. The higher the rate of multiplication of the
pests inside the grain bin, the higher the level of CO, produced and discharged to the surrounding
atmosphere. The higher the concentration of CO, and other greenhouse gases in the atmosphere, the
higher the intensity of the consequences of climate change such as increase in atmospheric
temperature; which often enhances multiplication of the stored grain pests, especially in the tropical
region, including Nigeria. When humidity conditions are favourable in materials with relatively high
moisture contents, the insects and mites multiply rapidly to form dense populations and have rapid
developmental periods and short life span (White, 1995). Dispersal is important to the success of
insect species; stored product insects usually walk in temperate regions but they may fly on warm days
if they are morphologically able to do so, and in tropical regions they fly frequently (Taylor, 1971).
Increase in temperature is a basic consequence of climate change in the tropical region, which
enhances the movement of the pests from one place to another thereby increasing their chance of
survival.

Agricultural and industrial activities on the earth has contributed significantly to the destabilization
of the CO, and other green house gases in the air, thereby causing a geophysical mechanism called
global warming. Fumigants such as Methyl Bromide (MeBr), Phosphine, etc are still conventionally
used in postharvest grain handling at the farm, household and industrial levels. MeBr has been found
to contribute significantly to the depletion of ozone layer of the atmosphere since 1992 (Wang and
Tang, 2004), apart from its negative impact on human health. About 80% to 95% of the MeBr used for

a typical commodity treatment eventually enters the atmosphere (Wang and Tang, 2004). Use of
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chemical fumigants in postharvest crop handling is particularly common among the Iless
technologically developed countries like Nigeria. Developing counties were required to freeze
consumption and production of MeBr in 2002, reduce it by 20% in 2005 and phase it out by 2015
(USEPA, 2001). The impact of the ban on the use of fumigants in crop preservation is most felt by the
developing countries due to their low level of technological development, especially in postharvest

crop handling.

DISTRIBUTION OF LOSS ALONG CROP PRODUCTION CHAIN IN NIGERIA

Figure 1 gives an illustration of the distribution of the loss encountered by average Nigerian grain
farmers along the crop production chain.

An average Nigerian farmer starts experiencing loss from the point of planting the seed on the field
to the last stage of marketing the agricultural produce. Most of the loss encountered is attributed to the
use of crude implements common among Nigerian farmers.

The global climatic change is aggravating the difficulty of predicting the climatic condition.
Nigerian farmers traditionally depend on the frequency of the rainfall to predict the appropriate time to
plant crops. Nowadays, farmers often fail in their predictions due to uncertainty of climatic condition
warranted by climate change. Farmers usually plant crops after two or three consecutive rainfalls; they
often end up losing a large number of the seeds that managed to germinate due to unexpected
subsequent high temperature resulting from climate change. Rodents often take the advantage of the
onset of raining season, which boost bush growing especially around the farmland to further attack and
destroy some of the seed planted and the ones that survived the intensive temperature on the field.
Other sources of crop loss are insect and microorganisms infestations, both in the field and during
storage.

Taylor (1977) postulated that although losses in stored products are not always apparent or fully
appreciated, they constitute a major proportion of loss resulting in decrease in the quantity and quality
of food available for consumption, income, and standard of living of agricultural producers. Agboola
(1985) indicated that inefficient postharvest and storage techniques and practices (such as sun drying,
storage in local containers, etc) which led to extensive spoilage and waste were the most important
factors responsible for the present food shortage in Nigeria. Onayemi (1981) stated that the major
causes of postharvest food losses include biological, microbiological, mechanical and physiological
factors as well as insufficient drying, inadequate storage facilities, transportation and marketing
facilities and poor processing equipment. Illustration in Fig. 1 also affirms that most of the losses
occur at the postharvest stage of crop production chain. The moisture content of the grain before

storage usually influences the effectiveness of the storage facility used in disallowing pest infestations.
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Figure 1: Hypothetical Model Showing the Distribution of Loss Experienced by Nigerian
Farmers along the Crop Production Chain (Deji, 2008a).

CONVENTIONAL GRAIN DRYING AND STORAGE SYSTEMS AMONG NIGERIAN
FARMERS

Most of the postharvest grain handling in Nigeria is carried out at the farm and household levels,
which is the focus of this paper. There is low level of industrial postharvest grain handling in Nigeria,
compared to the developed countries.The most common conventional grain drying method among
Nigerian farmers is sun drying. Grains are dried under the sun on the field before harvesting, and after
harvesting. Sun drying becomes more popular among the farmers in the tropics because it is cheap
and readily available over a longer period of time annually. Chancellor (1965) and, Soetoyo and
Soemardi (1979) demonstrated that paddy can be dried from 24-26% moisture to 14% moisture at
depths of 50-100 mm at a rate of 3.3 kg/m*.h for stirred paddy and 1.9 kg/m?.h for unstirred paddy. To
minimize cracking and over heating of the grains during extremely hot weather, the paddy can be
covered with a transparent but good heat permissive sacks or at best sun drying can be done under a
shady platform; although longer period will be required for desirable drying.

Grains are also sun- dried on a concrete platform or raised platform (crib) under the sun.
Traditionally, a specific location is cleared and leveled, around the farmland for the purpose of drying
crops and other farm produce on yearly basis. During the dry season, the grain is left on the ground for

days with regular turning and raking on a daily basis to enhance uniform heat distribution required for
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maximum and uniform drying. Regular uses of an area for sun-drying smoothened the ground and
reduce level of contamination of the crop with unwanted materials. Cribs are often used for secondary
drying and storage of the grains after it has been removed from the open smoothened ground. Drying
is mostly through solar radiation and depends on the intensity and availability of solar energy.
Conventional sun-drying methods in Nigeria expose the grains to contamination by insect pests,
micro-organisms, and dockages that influence insect infestation and grain deterioration. Other
traditional grain disinfestations practices among Nigerian farmers include; storing the grain with dried
whole or grinded pepper, and use of chemical fumigants, such as Methyl Bromide, Phosphine, etc.

Okereke and Nwosu (1987) reported the regional variation in conventional grain drying and storage
strategies among Nigerian farmers. Maize grains in South Eastern part of Nigeria are traditionally
stored in tree trunks, on platforms or vertical poles, or heaped on the bare floor at one corner of the
living apartment with no additional care. Platforms are constructed over the fire places to hasten
drying and ward off insects, rodents, and micro-organisms infestations. In the North, grains are stored
traditionally in the underground pits and in a rhombus. The rhombus is a cylinder bowl made of clay
and grasses with a dome shaped top. It rests on large stones to minimise direct contact with the
ground. It is fairly cheap to construct, simple, and relatively effective.

The general problem associated with the conventional grain storage methods in Nigeria is that they
do not totally eliminate deterioration and subsequent loss (Okereke and Nwosu, 1987). In addition, the
interaction of the grain bulk, thermal properties of the storage facilities, and ambient temperature
fluctuation, cause unequal moisture distribution within the grain mass. This condition generates
thermal gradient within the grain mass. If there is no outlet for the accumulated moisture within the
grain mass, condensation will occur. Moisture condenses when the dew point is reached leading to
deterioration of the stored grain and consequently invasion by fungi and insects (Okereke and Nwosu,
1987). Pre-storage moisture content of the grain influences the effectiveness of storage facility or
method adopted.

The microbial deterioration of cereal grains are relatively high in the Southern Nigeria where such
crops are harvested during the wet/rainy months of the year (Oyeniran, 1973; 1978). At the time of
harvesting, the moisture content of corn is about 25% which is well above the safe moisture level of
13% (Adesuyi, 1970). The level of solar energy needed to bring freshly harvested grains to the safe
moisture level of less than 14% is usually not easily available. Even when the farmers succeeded in
reducing the moisture level of the harvested crops to the safe level through a combination of
conventional drying systems, the grains are susceptible to attack by insects, rodents, and micro-
organisms during storage in the poor storage facilities available to the farmers. Hence, both drying and
storage are significant in determining effective postharvest grain handling.

Grains are highly susceptible to mould infestation when not sufficiently dried before storage,
especially during the wet season of the year, when relative humidity is usually high. The specific way
by which moisture plays its role in microbial deterioration were suggested by Oyeniran (1978) as

condensation and moisture migration. Formation of water as a result of condensation of moisture
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migration in stored dry products encourages attacks by moulds, some of which causes discoloration of
the products, loss of flavour and production of aflatoxin (Oyeniran, 1978). Oyeniran et al. (1983) in
their microbiological studies on maize isolated the following, moulds from maize stored in miniature
silos: Aspergillus flavus, A. niger, A. famari, Fusarium moniliforme, Paecillomyce varioti, Penicillium
spp. and Rhizopus arrhizus. A. flavus was most abundant of the fungi and the most serious storage
fungus of grain, especially corn. A. Flavus is the organism that produces aflatoxin in mouldy grains.
Oyeniran (1977) reported that aflatoxin and mould content of corn increased with increasing moisture
content. Morris (1962) has shown that certain relationships exist between the water activity (ay),
temperature, and nutrition. First at any temperature, the ability of micro organisms to grow is reduced
as the a,, is lowered. Secondly, the range of a,, over which growth occurs is greatest at the optimum
temperature for growth; and thirdly the presence of nutrients increase the range of a, which the
organisms can survive. Thus a change in temperature or nutrient content might permit growth at lower
values of ay. Investigations by Marth and Calonog (1976) showed that the optimum temperature for
aflatoxin production appears to be at 24-28 °C, which is the normal ambient temperature of grain
storage in Nigeria. Aflatoxin production can occur under any and all conditions that allow for good
fungal growth.

Among human conditions believed to result from aflatoxin ingestion is the EFDV syndrome of
Thailand, Reye’s syndrome of Newzealand (Butler, 1974) and acute hepatome observed in South
African Bantus who consume mouldy grains. Deger (1976) has shown that two men who worked with
purified aflatoxin developed colon carcinoma. Thus the danger concerning mould infestation of grains
is not only with the quantity and quality loss of nutrients but also with the possible harmful effects of

the toxic metabolic by-products of their activities in the grains on human beings.

BIOTECHNOLOGIES, CLIMATE CHANGE, AND WOMEN FARMERS’ EMPOWERMENT

Insects infested 11% of grain stored in a temperate region such as Germany in 1976 but declined to
1.2% in 1986 because of better storage management, indicating that effective techniques are available
for pest control in developed countries (Stein, 1991). The current modern postharvest technologies for
grain drying and storage include the use of electromagnetic radiation such as radio frequency and
microwave energy. Microwave and radio frequency energy can be used to control insects in stored
cereals and cereal products (Vadivambal ef al. 2007).

Postharvest biotechnological development such as radio frequency and microwave grain
disinfestations systems are products of biosystems engineering research and are currently at the
research stage in most developed countries; however the knowledge is yet to be popular in most
developing countries. Women farmers are the majority of the agricultural workforce in most
developing countries, especially at the postharvest stage in Nigeria. They participate actively at all
stages of agricultural production, but most prominently at the postharvest stage. Hence, they are
positioned as significant stakeholders and beneficiaries in the interplay between climate change,

agriculture, and postharvest biotechnologies (Fig. 2).
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Figure 2: Relationship between Biotechnologies, Climate Change, Agriculture, and Women
Farmers’ Empowerment (Source: Deji, 2008b)

Keys to the Figure: G = Germination; H = Harvesting; P = Post-harvesting

Small-scale farming provides most of the food produced in Africa, as well as employment for 70
percent of working people (Maxwell, 2001). Higher proportion of the losses encountered by Nigerian
farmers (due to climate change and other causes) during crop production, feature prominently at
postharvest stage. Harvesting and postharvest activities are traditionally women’s roles in Nigeria. All
these activities are conventionally and manually performed by women. The conventional and
traditional practices sap women’s energy, are labor intensive, and most of the times are with little or
no economic returns.

Postharvest biotechnologies such as radio frequency and microwave heating are environmentally
and culturally sustainable. Adoption of postharvest biotechnologies can be tried at small scale at the
industrial and nationally levels in Nigeria, because of its high cost. If it is found cost effective storage
bins of large capacity with either radio frequency or microwave heat source can be established in
strategic locations of large grain cultivation, accessible to grain farmers in Nigeria. Postharvest
bioengineering research can be encouraged to produce the on-farm prototypes of such storage bins at
the farming community level in Nigeria. Adoption of postharvest biotechnologies will contribute to
the alleviation of climate change, and reduce agricultural production losses in Nigeria. It will

significantly empower the women farmers socially (creating time to attend to other social activities
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during the harvesting season) and economically (by improving the net returns from grain cultivation),
and also improves their health (stress usually incurred during postharvesting grain handling will be
drastically reduced). Hence, adoption of postharvest biotechnologies will reduce the risk and ill-health
often associated with the use of most conventional systems of postharvest grain handling, as well as

enhances food security in Nigeria.

PRACTICAL GUIDING PRINCIPLES FOR EFFECTIVE ON-FARM GRAIN STORAGE

The best model for grain disinfestations is the one that comprises both the drying and the storage
compartments. However the following practical steps are important for effective grain storage,
especially in the tropical regions:

i.  Properly clean the storage bin and leave empty for some days before loading the fresh grain;

ii. Keep the distance between the drying and storage points as minimum as possible to disallow
contamination by agents of insect infestation, such as contact with water, dockages, etc especially
during rain season;

iii. The temperature of the storage facility should be maintained at the lethal temperature levels
for the less susceptible insect pest of the grain;

iv. The storage facility should be raised a little bit above the soil surface to disallow temperature
gradient between the soil and the stored grain;

v. Vertically positioned storage facility is preferred to the horizontal for easy loading and
offloading, uniform temperature distribution, and easy control of insect re-infestation;

vi. Loading should be done once, as much as possible, to reduce the probability of contamination
by insect pests;

vii. The storage bin should be water proof coated, with internal layer of heat insulator;

viii. The storage bin should be properly closed after uploading the grains and remain closed

until when ready to be offloaded;

ix. [fthere is any cause to open the storage bin during the storage period other than offloading the
grains, heat up the storage bin to the lethal temperature of the less susceptible insect pest of the grain
before and immediately after re-opening;

x. For long term storage, heat disinfestations should be combined with other methods such as
cooling, or complete sealed storage (e.g. use of Wise Joseph bags), to reduce re-infestation;

xi. The stored-grain temperature should be kept as uniform as possible within the storage bin;

xii. Never add freshly harvested grains into the previous year’s grain in the storage bin without

properly assessing the soundness of older grain.
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FEATURES OF GENDER RESPONSIVE ON-FARM POSTHARVEST TECHNOLOGIES
FOR NIGERIAN FARMERS’ ADOPTION

Postharvest technologies for sustainable agricultural development in Nigeria must have the following
composite features in order to attract mass and continued adoption, and consequently be able to
alleviate the escalating postharvest grain loss experienced by Nigerian farmers. Radio frequency and
microwave heating storage systems are mostly appropriate for large scale and industrial crop storage.
Most of the storage of crops in Nigeria is done at the farm level. However, there are two principles
that are basic for effective selection of on-farm postharvest technologies for Nigerian farmers’
adoption, these are: gender responsiveness; and appropriateness.

The principle of gender responsiveness becomes imperative due to the gender stereotype feature of
agricultural occupation and postharvest activities in Nigeria. Postharvest activities in Nigeria are
traditionally women’s responsibilities. Too many actions failed due to the lack of socio-economic
figures and mainly because the role of women in the postharvest system had been underestimated
(Sode et al. 1995). Hence postharvest technologies must be convenient for women to handle without
causing any cultural or physical risks to them in the society. The principle of appropriateness mostly
concerned with compatibility of the technology with the social, cultural, and economic situations of
the users within the society must be adhered to. It also involves environmental compatibility. An
important aspect of sustainability is that the technical development to take place should be in

accordance with expected future environmental requirements (Sode, ef al. 1995).

Low cost/ Cheap

An appropriate postharvest technology must be cheap to be affordable by an average farmer in
Nigeria, without any gender bias. The cost of a technology is a significant factor influencing the
farmers’ adoption behaviour in Nigeria, where women farmers are the majority of the poorest of the
poor. Farmers often mull over the price of a technology before considering the relative advantages it
promises. The popular sources of finance to an average Nigerian farmer are relatives and self, which
guaranteed only a petite amount usually not reliable and consistent. Many farmers swim in bankruptcy
on yearly basis due to crop deterioration after harvesting as result of inadequate and poor storage

facilities.

Readily Available and Accessible

For postharvest technology to gain popular adoption among Nigerian farmers, it must be readily
available and accessible to the poor farmers. It must be available at the common market where farmers

can have access to it at any time of the year regardless of their gender.
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Higher Relative Advantages

Appropriate gender responsive postharvest technologies must possess higher relative advantages over
the old system. The relative advantages should be easily seen and attained during operation regardless

of the gender of the operator.

Simple to Operate and Maintain

An appropriate gender responsive postharvest technology must be easy for an average Nigerian farmer
to operate and maintain regardless of the farmer’s gender and formal educational status. The low level
of formal education among Nigerian farmers would hinder easy operation of any complex technology.
An appropriate postharvest technology must be easy to understand by farmers, within a short time.
Women farmers, who are the majority of the workforce at postharvest stage of agricultural production
in Nigeria, engaged in other economic and domestic activities, hence often become uninterested with a
technology that is taking longer period to understand and operate.

Operation and maintenance of an appropriate postharvest technology designed for Nigerian farmers
should not require high level of technical competence, which may be scarce to find among Nigerian
farmers majority of who are illiterates. In addition, the operation and maintenance of an appropriate
gender responsive postharvest technology not pose any threat to the health of either male or female

gender.

Can be Operated at any Period of the Day

An appropriate gender responsive postharvest technology should be used at any time of the day by any
gender without any risk. There is a gap of difference between men and women farmers’ daily time
schedule because of the differences in their roles. Likewise the leisure period of farmers differs on
gender basis. Hence a gender responsive postharvest biotechnology should be operated at any time of

the day by any gender.

Household Environmentally Friendly

Farmers should be able to operate an appropriate post-harvest technology within the home
environment without posing any environmental threat or injury, especially to the children around the

home.

Value-addition Advantage

An appropriate postharvest technology should give value addition to the grains/crops at the end of the
storage in terms of improved / better taste, odour, and texture, so as to increase the market value of
such crop. Technologies that promise improved market value often win farmers’ attention, because

such would enhance the socio-economic status of the farmers.
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Locally Available Spare Parts

An appropriate gender responsive post harvest technology must be easy to construct and repair using
locally available materials. The spare parts for maintaining such a technology must be readily

available within the local environment of the farmers.

Economically Suitable for Small Scale Grain Handling

Majority of the farmers in Nigeria are small scale farmers. An appropriate postharvest technology

should be economically appropriate to be used at the small scale level of farming.

Compatible with the Existing Culture

Nigerian farmers are culturally conservative. An appropriate technology that would attract popular
adoption among Nigerian farmers must be compatible with the existing norms and values guiding

farming operation and human relationship within the society.

CONCLUSION

More than 70 percent of the loss experienced by average Nigerian grain farmers occurs at the
postharvest stage of crop production chain. Grain loss at the postharvest stage is usually due to insect
infestations resulting from poor drying and storage methods by Nigerian farmers. Stored-grain insect
pests contribute to the concentration of CO, and other greenhouse gases in the atmosphere, which are
significant causes of climate change. Climate change enhances stored- grain insect multiplication,
especially in the tropical countries like Nigeria.

The prevailing increase in postharvest grain loss in Nigeria is a proof that the conventional grain
drying and storage methods used by farmers are inadequate. On-farm postharvest biotechnology that
would alleviate stored-grain insect infestations in Nigeria must be gender responsive. Adoption of
gender responsive postharvest biotechnology will reduce insect-pest infestations of stored-grain,
empower women farmers, enhance sustainable agricultural development in Nigeria, and consequently

contribute to alleviating the global climate change.
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Abstract

Rainfall is the most important environmental factor influencing deposit characteristics of foliar-
applied fertilizers and agrochemicals. As documented in the general literature, rain modifies pesticide
deposits on plant surfaces by dilution, redistribution and removal, having major consequences for the
efficacy of phytosanitary treatments. Besides of the negative economic implications due to the need of
reapplication, active ingredients (a.i.) removed by rain will reach non-target organisms, soil and
waterbodies, resulting in unnecessary environmental contamination. The term rainfastness is very
often used to indicate the remaining biological efficacy of a given product after exposure of the treated
plants to rainfall. However, in case of several products biological efficacy does not correlate well with
pesticide load, since a little fraction of the applied product reaching the target-site is enough to deploy
satisfactory biological performance. In this context a definition of rainfastness which considers just the
biological efficacy and neglects the amount of a.i. washed-off from the plant surfaces seems to be
imprecise. Rainfastness is the final result of complex interactions between several single factors
influencing the adsorption-desorption behaviour of xenobiotica in leaf and fruit surfaces. In addition to
rain characteristics such as droplet spectrum, kinetic energy of single droplets, and rainfall duration,
the physicochemical properties of the active ingredient, product formulation, environment conditions
during deposit drying, and macro- and micromorphology of the surface are decisive for efficacy of
treatments. This paper aims to reinforce the necessity of a standardized and objective rainfastness
evaluation of foliar-applied agrochemicals and foliar fertilizers. Once standardized, information may
be used 1) by authorities as decision support for pesticide regulation, 2) by farmers for estimation of
the real need of agrochemical reapplication after rain, and 3) by agrochemical producers for labelling
their commercial products.

Keywords: Active ingredients, wash-off, environmental contamination, biological efficacy, evaluation
methodology, standards.

INTRODUCTION

Rainfall is the most important environmental factor influencing deposit characteristics of foliar-
applied agrochemicals. It modifies pesticide deposits on plant surfaces by dilution, redistribution and
removal (Thacker and Young, 1999), with major consequences for the efficacy of a phytosanitary
treatment. Besides the negative economic implications due to the need of reapplication, active
ingredients (a.i.) removed by rain will reach non-target organisms, soil and waterbodies (Wauchope et
al., 2004), resulting in unnecessary environmental contamination. The propensity for a.i. wash-off is
determined mainly by adhesion forces at the deposit-leaf interface as well as by water repellence of the
deposit surface (Ryckaert et al., 2007; Spanoghe et al., 2005; Roggenbuck et al., 1993). The main
factors for rainfastness are the timeframe between application and rainfall, environmental conditions

during the drying period, water solubility of a.i., commercial formulation of pesticide, tank-mix-
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adjuvants, and type of crop (Green, 2001). Moreover, the rain-intrinsic characteristics such as quantity,
intensity and droplet volume have a decisive impact on the final result (Hunsche ez al., 2007).

After exposing pesticide-treated plants to a rainfall, there are two ways of interpreting the
obtained data. The first one is based on the pesticide load remaining on the plant or leaves or
alternatively, the pesticide amount removed by rain. The second way considers the remaining
biological efficacy of the agrochemical. In both cases, results are handled as “rainfastness”. Beside of
advantages and disadvantages of both methods, the lack of standardization leads to misinterpretation.
In this brief article we want to present some aspects which should be considered for a standardized

evaluation of rainfastness in leaf-applied agrochemicals.

RAINFASTNESS VERSUS BIOLOGICAL EFFICACY AFTER RAIN FALL

According to our understanding Rainfastness denominates a particular property of a pesticide deposit
to withstand the mechanical impact of falling rain droplets and the carry out potency of the water film
formed after junction of individual drops. This implies that only the active ingredient residing on
target surface at rainfall onset, and so effectively rain-exposed, can be considered for rainfastness. For
such evaluations, the amount of a.i. washed-off or the remaining a.i. on the leaves needs to be
quantified analytically. Thereafter, rainfastness can be calculated taking into account the pesticide
amount on rain-unexposed leaves. In case of substances which penetrate into the plant tissue, the
amount of penetrated a.i. during the timeframe of pesticide application and rainfall onset should be
considered or kept constant when percentage of rainfastness is calculated. If so, two products differing
in penetration rate can be compared without restrictions.

The second point of view is the evaluation of “rainfastness” based on the remaining biological
efficacy after rain. This interpretation has the advantage of showing an easy-to-obtain and
comprehensive result, meeting the expectations of farmers. In this context studies on bioperformance
are necessary and welcome. However, one has to consider that most pesticides are biologically active
at very low concentrations and correlations between amount of active ingredient and biological
efficacy are usually weak or even very weak. A representative example is given in Figure 1, showing
no correlation between agrochemical load i.e. rainfastness (left) and the biological efficacy (right) of a
contact fungicide after rain. In addition, rain may have positive effects on phytosanitary treatments for
pathogen control such as documented for the fungicide prochloraz on winter wheat (Cooke et al.,
1989). In this case, rainfall redistributed the active ingredient to the lowest leaves of the canopy, which

were not adequately covered with the fungicide during agrochemical spraying.
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Figure 1. Influence of selected adjuvants on the rainfastness (calculated on basis of the remaining a.i.;
left) of a contact fungicide sprayed to apple leaves. Plants of the same experimental batch were
inoculated with spores of Venturia inaequalis and the area with scab symptoms was estimated.
Despite of an a.i. wash-off ranging between 80 and 90 percent, disease establishment and

development (14 days after inoculation) was only possible on untreated leaves.

Another example is the slightly enhanced biological efficacy of the systemic herbicide glyphosate
after light rain (Hunsche et al., 2007b; Hunsche et al., 2007¢). In this case the high relative humidity
may have facilitated a.i. penetration through plant cuticle with consequences for weed control. In such
a situation it would be incorrect to affirm that “rainfall has increased the a.i. rainfastness”. For this
reason, studies on bioperformance without complementary information about pesticide concentration
on leaves, determined analytically, do not allow accurate conclusions on rainfastness but merely on

biological efficacy of the pesticide formulation in dependence of rain.

CONSIDERATIONS ON THE EVALUATION METHODOLOGY

As mentioned before, the interaction of several single factors (Figure 2) determines desorption and
wash-off of active ingredients. As a consequence, rainfastness of an active ingredient is specific for a
given formulation and plant surface (Hunsche et al., 2006; Spanoghe et al., 2005; Kudsk et al., 1991;
Bruhn and Fry, 1982). Furthermore, methodological aspects such as drying time and rain
characteristics influence decisively a.i. removal and should therefore be considered for an objective

evaluation of rainfastness.
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Figure 2. Major factors with influence on rainfastness of foliar-applied agrochemicals (Hunsche,

2006).

Drying period and environmental conditions

Agrochemical deposits require a minimum of time for drying down on the target surface to withstand
the mechanical impact of rain droplets. In order to study the influence of drying time, experiments are
commonly designed to compare very short (e.g. few minutes) and very long (e.g. few hours or days)
drying periods. In this context, methodological shortcomings are frequently made by comparing
rainfastness of different products or formulations after a defined, but very short drying period.
Deposits of different products and formulations dry-down at different rates, and it is obvious that
already dried deposits at rain onset will show a higher rainfastness than deposits which are still in a
paste-like or liquid form. In fact, experiments testing several drying times after application render
important information about the shortest rain-free time required for reducing pesticide loss. On the
other hand, in order to compare rainfastness of different products and formulations a standardized
period which is long enough for deposit drying should defined to make results and conclusions

comparable. In addition, environmental conditions during drying time should be controlled, since
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relative humidity and temperature can influence the degree of pesticide wash-off by rain decisively
(Ditzer, 2002). According to our experience, for comparing rainfastness of non-penetrating products
and formulations on several surfaces a drying time of 4h is adequate, whereas longer timeframes e.g.

one or more days may influence results due to changes in size and weight of the leaf lamina.

Rain quantity and intensity

A rain event (Table 1) is characterized by its quantity, intensity, droplet spectrum, energy of the
droplets and duration (Park ef al., 1983; Simmons, 1980; Green, 2001). Intense rainfalls e.g. heavy and
torrential precipitations are characterized by bigger droplets which fall at higher speed, having a
greater mechanical impact on exposed surfaces due to the higher kinetic energy (Park et al., 1983;
Simmons, 1980). Hence, rain droplets with greater impact can dislodge pesticide deposits more easily
(Kudsk et al., 1991; Park et al., 1983). Besides, the process of deposit removal is facilitated and even
enforced by a.i. transport with the laminar film of water and consecutive wash-off (Lauver and
McCune, 1984). One should note that, whereas a heavy rainfall produces a constant water film leading
to run-off (Hartley and Graham Bryce, 1980), during misting and light rain the run-off occurs only
periodically, after junction of isolated water droplets (Suheri and Latin, 1991). In addition, as shown
by several studies, the greatest part of a.i. is removed by comparatively little rain quantity, while the
residual deposit remains in a stable form, difficult to displace with even more rain (Hunsche et al.,
2007a; Wauchope et al., 2004; Fife and Nokes, 2002; Bruhn and Fry, 1982).

The withstand of a pesticide deposit to removal by rain is given by its resistance to mechanical
impact, particularly the big rain droplets, as well as the a.i. dissolution rate (Kudsk ez al., 1991).
Nevertheless, results concerning the influence of intensity and amount of rain vary greatly due to the
additional impact of other factors (active ingredient, plant material, drying period, environmental
conditions, etc.). For example, irrespective of a.i. and plant surface evaluations have shown that rain
quantity affects the wash-off to a greater extent than rain intensity (Mashaya, 1993; Kudsk et al.,
1991), while others have shown the opposite (Taylor and Matthews, 1986). Complementing, some
researchers observed similar impact of rain amount and rain intensity (Mashaya, 1993), while others
observed that rain intensity and duration affect active ingredient removal from the plant foliage
independently (Hunsche et al., 2007b; Fife and Nokes, 2002). In summary, these findings were the
result of interactions between active ingredient and plant surfaces, whereas also rain characteristics
may have had significant influence. In the past, several experiments overlooked key parameters of

rainfall, so that simulation of rain events did not reflect natural precipitations (Ditzer, 2002).
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Table 1. Classification of rainfall types according to their major characteristics.

Type of rain Rain intensity ~ Droplet radius ~ Droplets fall speed Duration
[mm b [um] [ms']

Mist <04 50 -250 low (0.25 - 2) short to long

Drizzle / Light rain 0.42 250 - 500 medium (2 - 2.8) long (8h - 24h)

Heavy rain 4.2 500 - 1500 medium (4 - 6) medium (2h - 6h)

Torrential rain 42 1500 - 2500 high (6 - 8.9) short (10min.)

Adapted from: Ditzer, 2002; Park et al., 1983; Simmons, 1980.

IS HIGH RAINFASTNESS OF AGROCHEMICALS ALWAYS BENEFICIAL?

As a rule, a high rainfastness is being intended in order to assure an adequate coverage and amount of
active ingredient on the target surface, with the assumption, it will guarantee the expected biological
efficacy. However, in case of agrochemicals with a contact mode of action and especially the
fungicides, a high rainfastness will only be suboptimal if residues are located in a restricted area of
leaf surface. Therefore a “qualitative rainfastness” with an appropriate amount of pesticide remaining
after rainfall, well distributed over the target surface, would be optimum. Furthermore, high
rainfastness does not necessarily mean high bioperformance, since several interactions between
pathogens and plant-environment-system determine the final result of phytosanitary treatments. In
addition, it should be considered that enhancement of rainfastness with sticker adjuvants could reduce
the biological availability of the a.i. since it may be entrapped in an organic film. Examples of deposit
modifications due to rain are given in Figure 3.

Moreover, a high rainfastness may also result in lower a.i. redistribution on leaf surfaces or
canopy leaf levels, impeding indirect corrections of pesticide distribution after a poor application. At
last, a high rainfastness may lead to high pesticide residues on fruits or vegetables when
recommendations of Best Management Practice such as number of applications, a.i. concentration and
harvest delay after application are disregard. In such cases, the overload would not be washed off and
recommendations about pesticide concentration in spray solution as well as number of applications
should be reconsidered. However, besides these concerns, the positive aspects of a high rainfastness
such as minimised environmental contamination of non-target organisms, soil and waterbodies as well

as the reduced number of repeated applications and their associated costs should be highlighted.
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Figure 3. Scanning electron microscope images of Mancozeb deposits on control (A and B) and rain-
exposed (C and D) apple seedling leaves. After rain, a considerable part of the a.i. formed of little
spheres and rings. In some cases, tank-mix-adjuvants may entrap the active ingredient within a

film of organic nature.

PROPOSAL

As a consequence of the high variation in experimental designs and methods, many studies on
rainfastness of pesticides can not be compared adequately. For an objective and comparable evaluation
of agrochemicals’ rainfastness, standardized experimental conditions are required. The greatest benefit
of standard experimental protocols is the possibility to evaluate impartially rainfastness and compare
data without restrictions. In addition, it helps researchers and industry to characterise and classify a
given product according to its real rainfastness. Figure 4 shows the rainfastness of one dithiocarbamate
contact fungicide in two formulations, “A” and “B”, both produced by the same company. In this case
the company claims a higher rainfastness for formulation “B”, which was confirmed in our
experiments. However, is it adequate to rank formulation “B” as highly rainfast if approximately 70%

of the original deposit is washed-off by 10 mm rain?
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Figure 4. Influence of the commercial formulation on the rainfastness of a contact fungicide.

Over the years we have made excellent experiences using a drying period of pesticide deposit of 4h (T
= 20°C, RH = 60%) and a 10 mm heavy rain (Table 1). However due to the high penetration rate of
some hydrophobic systemic compounds in this timeframe, the period of 4h may be too long. As first
step for a standardized classification of pesticide rainfastness (%) based on the remaining a.i. after rain

or alternatively the amount of a.i. removal by rain, we propose the ranking presented in Table 2.

Table 2. Rainfastness degree of agrochemicals according to the remaining active ingredient on target

the surface or amount of active ingredient washed-off by rain.

Active ingredient

Rainfastness remaining on target surface washed-off from target
degree after rain surface by rain
[70] [%]
Very high >80 <20
High 61 -80 21-40
Moderate 41 - 60 41 - 60
Low 21-40 61-80
Very low <20 >80

CONCLUDING REMARKS AND OUTLOOK

Since rainfastness of pesticides is affected by several factors, it should be evaluated in selected species
and labelling should be related to the species tested. In addition, indications about the rainfastness of a
given pesticide should be made based on active ingredient removal by rainfall rather than on its

bioperformance, by conducting experiments under controlled, standardized conditions. Considerations

38



about the use of one or more synthetic surfaces with defined characteristics as references should also
be taking in to respect.

Moreover, efforts should be made to develop a index for rainfastness considering rain and
environmental characteristics (drying time, rain amount, rain intensity, and rain acidity), pesticide
attributes (water solubility, molecular weight, etc), and surface properties (microroughness, wax load,
wax chemical composition, etc.). However this is not an easy to solve task, since the development of
such a model requires additional efforts in research which for sure will be acknowledged by industry,

public interest and federal agencies for its recognition and implementation.
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Abstract

The study examined the perception of Lagosians on climate change and its likely public health
concerns. Three variables- gender, level of education and occupation were used to examine the
peoples’ perception on climate change. The population of the study consists of residents of Lagos
metropolis. Purposive/convenient sampling technique was used to select six hundred (600)
respondents as the sample size, but only five hundred and seventy-six (576) questionnaires were good
enough for data analysis. A self-structured questionnaire with a reliability of (0.7098) 0.71 was used
for data collection. T-test and ANOVA analyses were used to test the three (3) hypotheses that were
generated, but all were rejected. This implies that all the variables examined had influence on
Lagosians’ perception of climate change. Based on these findings some recommendations were
suggested among which are: the need for environmental education as far as climate change is
concerned; the need for the government and policy makers to carry the masses along in the
formulation and implementation of environmental health policies.

Keywords: Lagosians, perception, climate change, public health concern.

INTRODUCTION

Climate change is the greatest environmental challenge facing the world today. According to scientific
evidence, rising global temperatures will bring changes in weather patterns, rising sea levels and
increased frequency and intensity of extreme weather. The effects will be felt locally, nationally,
regionally and internationally; especially in many developing countries that are particularly
vulnerable.

The concerns for climate change and its perceived catastrophic consequences worldwide were
responsible for the creation of the United Nations Framework Convention on Climate Change
(UNFCCC). The UNFCCC is an international environmental treaty produced at the United Nations
Conference on Environment and Development (UNCED) (also known as the Earth Summit
informally), held in Rio de Janeiro, Brazil from June 3 to 14, 1992.

The treaty is aimed at stabilising greenhouse gas concentrations in the atmosphere at a level that

would prevent dangerous anthropogenic interference with the climate system. According to the terms
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of the UNFCCC, having received over 50 countries' instruments of ratification, it entered into force on
March 21 of 1994. About 198 countries are signatory to the treaty (UNFCCC, 1997).

Since 1994, several annual follow-up conferences have been convened by the UNFCCC. Such
conferences are known as Conference of Parties to the treaty (or simply, COP). They are aimed at
assessing progress in dealing with climate change. For example, beginning in the mid-1990s, these
annual conferences negotiated the Kyoto Protocol that established legally binding obligations for
developed countries to reduce their greenhouse gas emissions (UNFCCC, 1997).

Nigeria, being one of the signatories to the convention, was ably represented in all these
conferences over the years. However, apart from the top-level government officials that shuttle to
attend these conferences, there have not been public consultations, debates or legislative oversight
regarding this very weighty international commitment. Hence, not much is known of the Nigerian
general public perception of this global phenomenon.

Studies made of public perceptions of environmental problems therefore, should include
investigations of the way in which the issues are understood by different sections of society and their
evaluation of and attitude towards them (Bostrom, Morgan, Fischhoff & Read, 1994). The relative
importance of environmental issues to other public concerns has been investigated, as has the degree
of public support for action at political, community and personal levels through risk analysis
techniques (O’Connor, Bord & Fisher, 1999).

There are a numbers of international comparisons which seek to explore differences between
different societies either through large scale surveys (Bord, Fisher & O’Connor, 1998) or in-depth
work with small groups (Dunlap, 1998).

Since we now live in highly pluralist societies a single unique ‘public attitude’ or ‘opinion’ on any
specific environmental issue is unlikely, although some societies display a more developed consensus
than others. In general, the different constituencies of the public must be expected each to present a
spectrum of opinion.

Similarly it can be expected that there will be considerable differences between the most commonly
held views of the different publics. There is, therefore, an issue about the general relevance of work
done on public perception, even where the results are taken from a sample chosen to represent a cross
section of the wider public in a particular society. There is also a question about the degree to which
perception should be translated into a propensity for action. Where surveys suggest support for
particular official positions or policy initiatives, does this continue to apply even where the
consequences might be problematic at an individual level? (Bord, Fisher & O’Connor, 1998; Blake,
Guppy & Urmetzer, 1997; Berk & Shulman, 1995)

Despite these methodological issues, several broad common themes have emerged from the work
on public perception of the environment. This section aims to describe some of these themes as they
apply to the specific issue of health and climate change.

However, within the study of public understanding of the environment, the problem of health

impacts of climate change is highly specific and there is little work available. The principle route into
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the topic is therefore through a combination of work on the broader issues of climate change and
health and the environment.

There is a large amount of published work on public understanding of climate change. Much of it
derives from interest in the cognitive or psychological processes by which people make sense of the
risk associated with climate change (McDaniels, Axelrod & Slovic, 1996). There are also works on the
understandings people acquire from the representations of the climate change as shown, for example
in the media (Bell, 1994). There are a few studies of the way in which the understanding reached is
embedded in (and affected by) the broader notions of citizenship and individual and institutional
responsibility in different societies (Harrison, Burgess & Filius, 1995).

The following is an attempt to summarize the broad themes that emerge from this work.

There is considerable consensus amongst investigators that the problem of global warming is now
understood by lay publics as a reality and as an issue of concern within society. It tends to dominate
discussions of global environmental problems. However, most studies suggest that global warming is
no longer peoples’ main social or environmental concern; crime and unemployment commonly rank
above the environment for and of environmental concerns, air pollution and toxic waste are generally
perceived as more pressing than climate change (Witherspoon, 1994).

Studies also show that people have a strong tendency to use ‘global warming’ as a catch-all phrase,
so that the problems of stratospheric ozone depletion and air pollution in general often become
included within it (Kempton, 1991). There is also evidence that there is a tendency to confuse climate
and weather (Gowda, Fox & Magelky, 1997). Some investigators believe this to be driven, at least in
part, by the media treatment of recent episodes of severe weather. It is widely recognized that there are
cycles of media attention and that these have a powerful role in influencing the type and framing of
issues within the public arena for debate (Hilgartner & Bosk, 1988). Environmental issues, including
global environmental change, are subject to these cycles of attention (Mazur, 1998) and where periods
of higher media attention to environmental issues coincide with particular catastrophic events or risk
issues; these are often conflated in both the framing strategies of the media and in lay discussions
(Harrison, Burgess & Filius, 1995).

Apart from increased incidence of severe weather, people may attribute changed agricultural yield,
species extinction and health effects to climate change; the health impact is seen largely in terms of an
increase in skin cancer (Bostrom, Morgan, Fischhoff & Read, 1994). When environmental issues are
framed as health concerns any gender variation in the perception of risk tends to disappear (Bord &
O’Connor, 1997).

People’s perception of the responsibility for action seems diffuse. There is wide understanding that
pollution from energy conversion and industry is the prime cause of climate change, but few people
make the link between their own energy consumption and greenhouse gas emissions. This is a
common finding in studies of public understanding of climate change: the failure to link global

impacts to the personal action of individuals (Kempton, 1991).
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Studies of public reaction to environmental risk issues suggest a considerable mistrust of
governments companies or experts. However, there seems to be a strong belief that governments
should take the lead in resolving environmental problems (O’Connor, Bord & Fisher, 1998). This is
linked to feelings of lack of personal efficacy identified above, as well as the social desire for
institutional accountability.

There appears to be a moderate degree of trust in the ability of experts to address climate change
effectively, more so than in their ability to address other key concerns such as crime or traffic
accidents. However, there is less confidence in expert ability to address climate change than
environmental pollution in general or health risks such as AIDS or heart disease (O’Connor, Bord &
Fisher, 1998).

Studies of perception between different societies suggest that the patterns described above are
broadly repeated, though with differing emphasis. A comparative study of public understanding in the
UK and the Netherlands, for example, found that the mistrust of claims of safety was particularly
pronounced in the UK. The citizens of the Netherlands had a firmer ‘social contract’ with their
government and institutions, and seemed more willing to accept change (Harrison, Burgess & Filius,
1995).

At a local scale, people routinely include issues of health in their evaluations of their environment.

In particular, the main issue associated with traffic pollution is that it is a threat to health (Boyes &
Stanisstreet, 1998).

Perceived risk to health seems to be a major factor in determining whether or not individuals will
take environmental action (Seguin, Pelletier & Hunsley, 1998). Studies of claims made by
campaigning groups and the media suggest that such groups tend to focus on the health aspects of
environmental issues, probably because these make a powerful and direct appeal to the individual,
motivating people politically but without making an overtly party political point (Garvin & Eyles,
1997).

Experience in the United Kingdom suggests that the most effective campaigns for both non-
government organizations (NGOs) and government are those where health effects can most directly be
linked to environmental pollution in public perception. The unleaded petrol campaign in the UK was
driven by the health impacts of exposure to lead. In Germany the leading issue was that unleaded
petrol was essential for the introduction of new vehicle technology (catalytic converters) to reduce
other pollutants from petrol driven vehicles. This was translated into action in the two countries in
different ways. In Germany there was political and individual support for the Federal German
Government campaign in Europe for stringent emission standards, but little interest in unleaded petrol
as an issue in its own right. In the UK the Government ran an aggressive campaign to promote
unleaded petrol with vigorous NGO and public support, but failed to elicit much enthusiasm from the

public for the campaign on vehicle emission standards.

44



The main focus of public concern at a global level seems to be the belief that the stratospheric
ozone layer will be affected by global warming, with the threat of increasing levels of skin cancer
(Bostrom, Morgan, Fischhoff & Read, 1994).

This is interesting in itself as it suggests that the link between the ozone layer and health has been
established, even in countries like the UK with generally low levels of sun. There seems therefore to
be no intrinsic reason why an issue of global concern cannot be linked to local health impacts. Despite
the considerable volume of published and well publicized work on health impacts of climate change,
there are few studies which have explored the detailed public understanding, beyond the general
appreciation that there may be health effects mostly linked to skin cancer. However, it is likely that the
issue will enter the public domain more forcefully following the publication of this report. As the
debate moves from scientific and policy circles to the public arena an explosion of contested
understandings and competing claims can be expected. There will then be a vigorous public debate
with the potential for a more informed discussion of public health in a changing climate. There will
also be an opportunity to study public understanding of the specific health issues likely to arise as
climate changes.

Despite considerable public awareness of climate change there is little evidence to indicate whether
there is good understanding of its health impacts. Such evidence as there is tends to the conclusion that
public understanding conflates climate change with the depletion of the stratospheric ozone layer and
thus skin cancer. There is, however, the prospect that the connection between climate change and
health, once established by the public, will invigorate the debate on the scale and nature of action to be
taken. Therefore the objective of this study is to assess the perceptions of Lagosians regarding climate

change as a public health concern.

STATEMENT OF THE PROBLEM

Africa is the continent most vulnerable to the impacts of change because widespread poverty and low
levels of technical development limit adaptation capabilities.

The impacts of climate change are predicted to affect the livelihood of Africans in many ways.
Climate change is likely to affect the distribution patterns of infectious diseases e.g. there is likely to
be an increase in mosquitoes which spread dengue and yellow fever.

Climate change has been documented in the literature to have negative impact on human as a result
of human activities which is responsible for green house gas emission into the atmosphere. Lagos is an
industrialized city which is densely populated. Considering the activities of the residents, there is
possibility of increasing the release of green gas emission into the air. Since behavioral intervention
has been noted to be a product of perception, it is therefore imperative to determine the perception of
Lagos residents on climate change as a public health problem for better intervention.

The following research hypotheses were generated and tested for the purpose of the study:

1. There is no significant difference in the perception of male and female respondents on climate

change as a public health concern in Lagos, Nigeria.
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2. There is no significant difference in the perception of the respondents based on level of
education in Lagos Nigeria.
3. There is no significant difference in the perception of the respondents based on occupation in

Lagos, Nigeria.

METHODS
Design

This is a descriptive survey research, which employed the questionnaire for the purpose of collecting

data on Lagosians’ perception of climate change as a public health concern.

Sample and Sampling Procedure

Six hundred subjects were drawn from the five (5) divisions of Lagos State (Ikeja, Badagry, Ikorodu,
Lagos Island & Epe) with the use of purposeful/convenient sampling technique (120 respondents per
division). 576 out of 600 copies were retrieved in good condition giving a response rate of 96%, same

were coded and analyzed.

Instrumentation

The instrument was a self structured questionnaire which consists of two sections.
Section A: demographic information and Section B: perception of climate change as public health
concern.

The questionnaire was validated using test-retest method giving reliability co-efficient of 0.71.

Procedure

The researchers visited the different divisions along with three research assistants that were trained in
the administration of the questionnaires. Apart from soliciting for co-operation, the respondents were
informed of the purpose of the study and the need for factual and objective response. Participants
filled the questionnaire at individual pace and the completed copies were retrieved immediately. 576
out of 600 copies were retrieved in good condition giving a response rate of 96%, same were coded

and analyzed.

Data Analysis

Frequency counts and percentages were used to present data in tables, while T-test and Analysis of

variance (ANOVA) were used to test the hypotheses at 0.05 significant levels.
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RESULTS

Table 1: Distribution of the respondents by sex

Cumulative
Frequency Percent Valid Percent Percent
Valid MALE 306 53.1 53.1 53.1
FEMALE 270 46.9 46.9 100.0
Total 576 100.0 100.0

The table shows that 53.1% of the respondents were male while 46.9% were female.

Table 2: Distribution of the respondents by age

Cumulative
Frequency Percent Valid Percent Percent

Valid  18-24YRS 90 15.6 15.6 15.6
25-31YRS 279 48.4 48.4 64.1
32-38YRS 117 20.3 20.3 84.4
39-45YRS 63 10.9 10.9 95.3
46-52YRS 18 3.1 3.1 98.4
56-59YRS 6 1.0 1.0 99.5
60YRS & ABOVE 3 5 5 100.0

Total 576 100.0 100.0

The above table shows that 15.6% of the respondents were between ages 18-24, 48.4% were 25-
3lyears, 20.3% were between 32-38years, 10.9% were of 39-45years, 3.1% were between 46-52years,
1.0% was of 56-59years and .5% were above 60years.

Table3: Distribution of the respondents by level of education

Cumulative
Frequency Percent Valid Percent Percent

Valid  NONE 18 3.1 3.1 3.1

BELOW FIRST DEGREE 198 34.4 344 375

FIRST DEGREE 288 50.0 50.0 87.5

MORE THAN FIRST

DEGREE 51 8.9 8.9 96.4

PROFESSIONAL

QUALIFICATION 21 36 36 100.0

Total 576 100.0 100.0

This table revealed that 3.1% of the respondents had no education, 34.4% of them were below fist
degree, 50% which was the highest percentage had their fist degree, 8.9% had a second degree and
3.6% of them had an additional professional qualification.
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Table 4: Distribution of the respondents by occupation

Cumulative
Frequency Percent Valid Percent Percent
Valid Industrial worker 306 53.1 53.1 53.1
Self employed 96 16.7 16.7 69.8
Civil servant 174 30.2 30.2 100.0
Total 576 100.0 100.0

This table revealed that 53.1% of the respondents are industrial workers, 16.7% are self employed and
30.2% are civil servant.

Testing the hypotheses:

Hypothesis 1: There is no significant difference in the perception of male and female respondents on

climate change as public health concern.

Sex N X SD df T Sig
Male 306 38.86 6.55
Female 270 39.99 5.11 574 -2.278 0.023

Table 5 shows a t-value (-2.278) is significant at (0.05), p<0.05.Therefore, there is significant
difference in the perception of male & female respondents on climate change as a public health
concern with female having a better perception, i.e. female mean is greater than male. Hypothesis 1

was therefore rejected.

Hypothesis 2: There is no significant difference in the perception of the respondents based on level

of education.
ANOVA

PERCEPTION

Sum of

Squares df Mean Square F Sig.
Between Groups | 2373.463 4 593.366 18.890 .000
Within Groups 17935.646 571 31.411
Total 20309.109 575

From table 6, the t-value (18.89) is significant at 0.05 (p< 0.05). It follows that respondents

significantly differ from their perception based on level of education. The table below shows where

the difference lies.
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Multiple Comparisons

Dependent Variable: PERCEPTION

Scheffe
Mean
Difference 95% Confidence Interval

(I) EDUCATIO (J) EDUCATIO (I-J) Std. Error Sig. Lower Bound | Upper Bound
NONE BELOW FIRST DEGREE -5.20* 1.38 .007 -9.46 -.93

FIRST DEGREE -2.45 1.36 520 -6.66 1.76

MORE THAN FIRST

DEGREE 44 1.54 .999 -4.31 5.19

PROFESSIONAL

QUALIFICATION 2.21 1.80 824 -3.35 7.78
BELOW FIRST DEGREE NONE 5.20* 1.38 .007 93 9.46

FIRST DEGREE 2.75* 52 .000 1.15 435

MORE THAN FIRST .

DEGREE 5.64 .88 .000 2.92 8.36

PROFESSIONAL .

QUALIFICATION 7.41 1.29 .000 3.44 11.39
FIRST DEGREE NONE 2.45 1.36 520 -1.76 6.66

BELOW FIRST DEGREE -2.75* 52 .000 -4.35 -1.15

MORE THAN FIRST .

DEGREE 2.89 85 022 26 5.52

PROFESSIONAL .

QUALIFICATION 4.66 1.27 .009 .75 8.58
MORE THAN FIRST NONE -44 1.54 .999 -5.19 4.31
DEGREE BELOW FIRST DEGREE -5.64* 88 .000 -8.36 -2.92

FIRST DEGREE -2.89* 85 022 -5.52 -26

PROFESSIONAL

QUALIFICATION 1.77 1.45 828 272 6.26
PROFESSIONAL NONE -2.21 1.80 824 -7.78 3.35
QUALIFICATION BELOW FIRST DEGREE 7.41* 1.29 .000 -11.39 -3.44

FIRST DEGREE -4.66* 1.27 .009 -8.58 -75

MORE THAN FIRST

DEGREE 1.77 145 828 6.26 2.72

*. The mean difference is significant at the .05 level.

Hypothesis 3: There is no significant difference in the perception

of the respondents based on

occupation.
ANOVA

PERCEPTION

Sum of

Squares df Mean Square F Sig.
Between Groups 421.819 210.910 6.077 .002
Within Groups 19887.290 573 34.707
Total 20309.109 575
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Multiple Comparisons

Dependent Variable: PERCEPTION

Scheffe
Mean
Difference 95% Confidence Interval

(1) OCCUPATI (J) OCCUPATI (I-J) Std. Error Sig. Lower Bound | Upper Bound
CIVIL SERVANT INDUSTRIAL WORKER -2.38* .69 .003 -4.07 -.69

SELF EMPLOYED -.82 .56 .339 -2.20 .55
INDUSTRIAL WORKER CIVIL SERVANT 2.38* .69 .003 .69 4.07

SELF EMPLOYED 1.56 .75 116 -.28 3.39
SELF EMPLOYED CIVIL SERVANT .82 .56 .339 -.55 2.20

INDUSTRIAL WORKER -1.56 .75 116 -3.39 .28

*. The mean difference is significant at the .05 level.

Table 7 shows that the F-value (6.077) is significant at 0.05 (p< 0.05). Therefore, respondents
significantly differ in their perception based on occupation. The multiple comparisons on table 7

revealed that the difference is significant between industrial workers and civil servants.

DISCUSSION OF FINDINGS

The findings have revealed that women perceived climate change as a public health concern more than
their male counterpart. This implies that climate change cannot be perceived directly in the same way
by individual because of the temporal scale associated with it. In addition, human perception of
climate is strongly influenced by expectations, which may have little relationship to the true
nature of climate as provided by the instrumental record (Rebetez, 1996). This finding also concur
with the study of Semenza, Hall, Wilson, Bontempo, Sailor and George (2008) which found out that
almost all respondents (USA) have heard about climate change or global warming, are rather
concerned (women more than men) and some 50% reported behaviour changes like decreased energy
usage at home, reduced gasoline consumption, increased recycling and some other behaviors.
Furthermore, respondents significantly differ from their perception based on level of education. This
means that education play a major role in supporting efforts toward addressing climate change. The
outcome of the study is also in line with the position of Leal et.al (2007) .Occupation as one of the
variables under study has also influenced the perception of the respondents and the difference is
significant between industrial workers and the civil servants. The finding support the outcome of
(Thompson & Jayapaul ,1997) that industrialist among other workers have perceived climate change

has a public health problem.

CONCLUSION

There is clear linkage between the environment and health problems. Climate change would likely
have an increasingly severe impact on health particularly with regard to vector and water borne
diseases. With change in climate and other stress factors, peoples' perception and behaviour must also
change in order to effectively cope with the situation. Carbon dioxide has an effective lifetime of

about 100 years. This means that any changes in the atmosphere will take a long time to develop. If
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we cut down on the amount of carbon dioxide we use, the rate of climate change will slow down. The
challenges of climate change however, calls for meaningful cooperation between individuals and
government. Furthermore, climate change issue is not a monopoly of the Ministry of Environment and
Forest (MOEF). Other relevant ministries such as health, agriculture, livestock, water resources,

planning etc should work together to mitigate and combat the impacts of climate change

RECOMMENDATIONS

e There is the need for continuous education on climate change; hence, government should
intensify efforts in raising further awareness on the causes and consequences of climate change which
will serve as further means to work towards a reduction in greenhouse emission.

e  The need for government/policy makers to carry the masses along in the formulation and
implementation of environment and health policies is recommended.

e Integrate gender concerns and perspectives in policies and programmes for sustainable
development.

e  Extended range weather forecasts are fundamental for all climate change adaptation strategies.

e Individual-level mitigation can be a policy option under favourable contextual conditions but

must be accompanied by mitigation efforts from industry, commerce and government.
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Abstract

Africa is naturally blessed with land, water, agricultural and climatic resources for the production of
both arable and tree crops. Africa is next to Asia in the global production of fruits and produces fruits
such citrus, mango, cashew, pineapple, pawpaw and guava in very large quantities but, there are
prevalent problems of food insecurity and malnutrition due to poor storage facilities and inadequate
machines to process the raw agricultural materials. The predominant mode of farming in Africa is
subsistent, small holding and peasant. The peasant farmers practice farming as a means of surviving
and not as business. Therefore, industrial development is mostly very low in the rural areas where
agricultural production is highest. Coupled with the non-business-like attitude of the African peasant
farmers, a lot of farm produce are lost during the post harvest handling as a result of poor road net
work.

The paper reviews the engineering issues of very high rating that will promote the production,
processing and storage of fruits and vegetables in Africa. Majority of commercial food processing
equipment in Africa are imported at very high cost and maintained by expatriates. The machineries are
sophisticated and have problem of climatic adaptations. However, in Africa, fruit processing machines
such as juice extractor, pasteurizer and bottling machines are already developed in various academic
institutions through research efforts and spotted records are available in literatures on some indigenous
fruit processing machinery. But, such machines are mostly not produced at commercial levels.
Therefore, there is the need for concerted collaborative efforts to develop functional indigenous food
and fruit processing machineries for mass production and commercialization in Africa.

The paper advocates that the African farmers should consider the production and processing of
fruits as industry and scale up the production of fruits. The rural communities in Africa should up
graded by providing engineering infrastructures such as roads, water supply and steady electricity to
promote agricultural production. Indigenous machines should be developed and commercialized for
the processing of the fruits into juice, concentrates and other products in order to enhance added value,
minimize post harvest loses and improve the intake of the natural vitamins and minerals provided by
the fruits. This shall lead to the establishment of fruit processing industries, create jobs for the teaming
unemployed youths, alleviate poverty, improve the social life in the rural communities, reduce rural-
urban migration and promote the manufacturing of fruit processing equipment in Africa.

Keywords: Africa, Fruits, Vegetables, Engineering infrastructures, Rural development

FRUITS: IMPORTANCE, UTILIZATION AND PRODUCTION STATISTICS

Fruits and vegetables are ready sources of minerals and vitamins, and are natural raw materials for the
pharmaceutical and juice processing industries. For example mango fruit has vitamin A (0.2 mg) and
vitamin C (300 mg), per 100g fresh weight (Ibiyemi et al, 1990). Citrus contains 60 mg of vitamin C
in 240 ml of juice, which is more than the minimum daily requirement. Citrus fruits are also good
source of folic acid, sugar, pectin, cellulose, vitamin B, thiamine and potassium (Naggy et al, 1993).
Sweet orange has 11.8% solid, 0.38% ash, 0.06% ether extract, 0.65% protein, 0.05% crude fibre,
10.7% carbohydrate and 41 kilo cal per 100g energy. It has a laxative effect (Ihekoronye and Ngoddy,
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1985). Cashew is especially rich in vitamin C, containing 262 mg/ 100 ml of juice, about five times
the vitamin C content of orange (Egburomu, 1996).

Fruits are also known for their medicinal, pharmaceutical, industrial and other economic values.
Some fruits, their seeds or components have high level of antioxidants (Fakuda, et al, 1997), low
glycerin index (Jarquera, 1996), very strong antimicrobial activities ((Bailey et al, 1998), high stearic
acid and essential oils (Julia, 1987). Some fruits or their residues are useful for reduction of cholesterol
level (Jarquera, 1996), protection against cardiovascular diseases and cancer (Heber, 2005), burning of
body fats (Edward et al, 1997) and feeds for animals and soil enrichment (Julia, 1987). Many products
are derivable from fruits including, pickles, chutney, puree, nectar, juice, squash, jam, jelly, squash,
wine, powder, flakes and dehydrated products, which are industrial raw materials for food and
pharmaceutical industries (Mircea, 1995).

The leading production statistics of sweet orange provided by Mc Donald and Low (1984) include
18,256,500 metric ton (Brazil), 11,729,900 metric ton (India), 3,969,810 metric ton (Mexico), 868,
000 metric ton (Egypt), 697,000 metric ton (Argentina) and 606, 000 metric ton (Morocco). Brazil was
the largest producer of orange juice in the world followed by the USA (World Book Encyclopedia,
2001). The ten leading nations producing grape and pummelo, as identified by FAOSTAT (2002) are
USA (155, 974 metric ton), China (57,128 metric ton), Mexico (43,947 metric ton), Israel (42, 632
metric ton), Cuba (38, 540 metric ton), South Africa (36, 212 metric ton), Argentina (28, 990 metric
ton), Turkey (25, 580 metric ton), India (24, 215 metric ton) and Tunisia (12, 278 metric ton).

The first ten leading nations in global mango fruit production, as identified in FAOSTAT (2002)
are India (11, 400, 000 metric ton), China (3, 130, 000 metric ton), Thailand (1, 750, 000 metric ton),
Mexico (I, 523, 160 metric ton), Pakistan (1, 036, 000 metric ton), Indonesia (891, 566 metric ton),
Philippines (880, 000 metric ton), Nigeria (730, 000 metric ton), Brazil (542, 000 metric ton) and
Egypt (326, 063 metric ton). Despite the fact that mango is mostly grown wild in Nigeria, the nation
ranked 8" position in global mango fruit production with an estimate of 730,000 metric tons per
annum. This is instructive as it suggests the potential of Nigeria in the production of tropical fruits.
The major mango producing States in the Nigeria include Benue, Jigawa, Plateau, Yobe, Kebbi, Niger,
Kaduna, Kano, Bauchi, Sokoto, Adamawa, Taraba and the Federal Capital Territory (FAOSTAT,
2002).

African is rated high in the global production of tropical fruit with Nigeria playing a leading role
(FAOSTAT, 2002, Adewumi, 2008a). Despite the high production records, the high post harvest
losses limit the availability of fresh fruits in Africa throughout the year (Kazembe, 2005, Olukunle,
2007, Adewumi, 2008b). Where the fruits are scarcely available, they are very expensive during off
season and unaffordable for the general masses. There is therefore the need for effective storage,
processing and handling of fruits in Africa.

Raw fruits generally have low shelf life because of the high moisture level and activities of micro
organisms (Adewumi and Akerele, 2003). These have led to high level of losses both on and off —

field. Post harvest losses of fruit and vegetable in the extreme cases are as high as 70% in Africa
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(Kazembe, 2005, Olukunle, 2007). There is therefore need for concentrated attention to solve the
problem of wastage of fruits and vegetable in Africa. Engineering applications is one key approach in
solving the problem of wastage of fruits and vegetable in Africa. The paper therefore concentrates on
important engineering issues in the post harvest technology and quality assurance for fruits and

vegetables in Africa.

FRUIT PROCESSING AND QUALITY ASSURANCE

Fruits are living material with metabolic activities such as respiration which result in deterioration.
Undesired ripening, and change in texture, color, firmness occur as a result of uncontrolled metabolic
activities in fruits and vegetables. Post harvest processing and handling are therefore required soonest
after harvest to address the problem of high level of and fast rate of deterioration of fruits. Post harvest
handling is sometimes required to remove field heat soonest after harvest in the tropics using coolers
or ice bags to arrest the activities of field micro organisms and fermentation.

Processes such as washing, color or size grading, peeling, slicing, crushing/ milling, juice
extraction, sieving/ screening, inclusion of preservatives, homogenization, pasteurization,
concentration, bottling/ canning, refrigeration and storage are essential (Adewumi, 1999, Ademosun et
al, 2003). Adequate storage environment in terms of relative humidity and temperature must be
provided for fruit storage (Adewumi and Akerele, 2003). In large storage systems, non compatible
crops must not be stored together in the same system or structure (Adewumi and Oduwole, 1995,
Okunola et al, 2007).

Micro organism infestation and mechanical bruising on fruits are very high on field and during post
harvest handling respectively (Adewumi, 2009, Adewumi and Alokun, 2009). These consequently
affect fruit quality. Micro organism infestations result in change in taste, flavor and color. Mechanical
injuries and bruises on fruits expose fruit surface to accelerated micro organism infestations and
contaminations.

Processing of fruit into juice, jam, concentrate and other durable products has numerous
advantages, including the under listed, as identified by Adewumi (2008a, 2009b)

. increases the storability and shelf life

*  improves profit margin

»  reduces the transport costs, spoilages, and wastages

*  value addition, employment & industrial activities

. makes the product available all year round at moderate cost

*  provides quality assurance

Quality assurance is very essential in fruit processing and handling to enhance good market and
pricing. Processing and handling of fruits much be done such that quality and quantity losses are
minimized. The minerals, vitamins, unique taste, flavor, integrity, firmness and other essential quality
parameters of fruits must be preserved. Components of the machines for processing and handling fruit

materials must be made of high quality materials such as stainless steel to avoid contaminations. The
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environment under which fruit and vegetable processing is done must be highly hygienic. Where
products are for export market, high quality assurance measures and CODEX requirements are

essential (Adewumi, 2006).

ENGINEERING ISSUES IN THE POST HARVEST TECHNOLOGY AND QUALITY
ASSURANCE FOR FRUITS AND VEGETABLES

Major engineering issues to support the production, processing and quality assurance of fruits and
vegetables in Africa include:

» increased production via mechanization

*  reduction of post harvest losses and increase in shelf life by adequate processing

e development of infrastructures to support agricultural production

*  Industrialization of the rural areas

*  energy in agriculture

*  agricultural waste management

Increased Production via Mechanization

Major scientific means of rapidly increasing the rate of agricultural production include the
development of high yielding and disease resistance breeds/ variety, use of biotechnology and
applications of agricultural mechanization. Agricultural mechanization as defined by Anazodo (1986),
is the process of development and introduction of mechanized assistance of all forms and at any level
of sophistication in agricultural production in order to reduce human drudgery, timeliness and
efficiency of various farm operations, bring more land under cultivation, preserve the quality of
agricultural products, provide better rural living conditions and markedly advance the economic
growth of the rural sector. He further explained that agricultural mechanization means more than
availability and use of tractors and modern equipment and does not necessarily imply large
mechanized farming.

Africa is generously blessed with land resources. Africa is the second largest continent in the world
after Asia and with a total land area of more than 3,025.8 million hectares (ha). Its landmass is more
than three times that of the United States of America (UNEP, 2007). Despite the land mass and the
large population (70%) involved in agricultural production, a lot of the land is wasting and not
utilized. A reasonable mass of arable land both in the savanna and forest zones are not yet open for
cultivation. Sometimes, the problems of the cultural beliefs, land tenor system and inconsistent
government policies on land ownership in Africa, are major problems to land utilization in Africa. A
lot of restrictions are placed on the use of some land portions based on cultural and religious beliefs. In
some cultures in Africa, some forest areas are exclusively sacred and reserved only for some gods
which places restrictions on the use of these areas for agricultural practices. The private ownership of
small parcels of land in a number of African countries makes agricultural production highly subsistent

and is a great hindrance for mechanization. Land disputes are also frequent in Africa.
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The skillful use of heavy agricultural equipment such as crawling tractors, tree pushers, and tree
fellers to open virgin lands, and wheeled tractors and farm implements to till and cultivate the land are
major break troughs in agricultural production. The use of tractor for land tillage and cultivation is
widely accepted in Aftrica. But, it is unfortunate that all brands of tractors that are not adaptable for
African soils are imported by African Governments and many of such tractors get spoilt soonest after
acquisition and are not functional (Atanda, 2005a, b, Atanda et al, 2008). This has resulted in colossal
waste of financial resources of Africa. Also, the abuse of the use of heavy equipment for opening
virgin lands by non professionals and quacks in Africa has subjected African soils to high erosions
(Adewumi, 2008a).

African Governments should address the problems of importation of unprofitable and sub standard
machineries for land preparation and cultivation. The unique climatic conditions and soil types in
Africa, and other relevant technical information must be considered before embarking on the
importation of agricultural machinery. Professional advises should be carefully considered before

importations.

Reduction of Post-harvest Losses and Increase of Shelf Life by Adequate Processing

The use of mechanical systems to process and handle raw fruits can reduce post harvest losses and
increase their shelf life. The use of drying systems for moisture reduction has sharply reduced the
activities of micro-organisms on agricultural materials and prolonged their shelf life. Some important
post harvest handling processes such as sorting, cleaning, slicing, crushing/ milling, juice extraction,
homogenization, concentration, pasteurization, packaging, canning, refrigeration and storage require
machines. The use of such machines assist in reducing moisture/ weight, reduce spoilage, allow added
value chain, increase farmer’s profit margin, reduce transportation cost, enhance new product
development and make product available all year round (Ademosun, 1997, Ademosun et al., 2002,
2003, Adewumi, 1998, 1999, 2004, 2005, 2007a, b).

One of the greatest problems of fruit processing in Africa, Nigeria inclusive, is unavailability of
machinery for handling, storage, drying and processing (Adewumi, 2005, 2008a). A number of
machines for handling, storage, drying and processing of agricultural materials are already developed
within Africa via research efforts but not available to the public (Adewumi, 2007a, 2008a & 2009a).
Some of the reasons for the non availability of the machines developed by research efforts to the end
users in Africa were identified by Adewumi (2006b, 2007, 2009a, b, ¢) to including:

*  poor quality of engineering materials

* inadequate locally technology transfer procedures

* inadequate extension services

*  inconsistent government policy

*  energy and power problems
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Development of Infrastructures to Support Agricultural Production

One of the major roles of engineering in agricultural development is the development of basic
infrastructures. Such infrastructures include:

e farm roads for access

. dams for water supply and irrigation

*  Hydraulic structures to support irrigation and drainage

e Farm houses for the farmers

*  Animal housing and plant storage structures

e Communication and electronic devices/ panels for monitoring & sensoring

e Agricultural land reclamation system/ facilities

e Machines for handling, drying and processing agro materials (including pre harvest,

harvesting and post harvest machines)

Industrialization of the Rural Areas

Rural communities are the main centres of production of agricultural materials, which are the main
raw materials for many industries (Adewumi, 2007b). It is therefore reasonable to developed feasible
rural communities as industrial centres to promote rural development (Adewumi, 2008a). The
proposed ’engineering in agriculture’ must promote rural sociology via industrialization. It should
minimize or arrest the migration of the masses from rural to the urban centres and encourage intensive
rural development.

To promote rural development and industrialization, all industries responsible for processing raw
agricultural material to agricultural produce should be sited in such key rural centres. Basic
infrastructures (such as road, communication net work, electricity, water, etc) to support the proposed
industrialization should be provide in these rural centres. In addition to sharp rural development and
improvement in rural sociology, the consequent positive effects of the provision of such industrial
activities include:

B mass employment
increase in net profit
reduction in unit price of commodities
increase in agricultural production
reduction of crime rate
reduction of rural poverty level

empowerment of farmers & rural dwellers

reduction of rural migration, etc
The poverty level in the African rural communities shall sharply reduce when such industrial

activities are initiated in the rural areas.
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Energy in Agriculture

Electricity which is generally regarded as neat and conventional source of energy is not commonly
available in Africa, especially in the rural areas which are the centres of agricultural production.
Alternative and renewable sources of energy are therefore advocated for Africa, especially solar, bio-
methanation, wind, hydro and geo-thermal, bio-fuel, etc.

Bio-energy is the renewable biomass resources, which are used to produce an array of energy
related products including electricity, liquid, solid and gaseous fuels, heat, chemicals and other
materials. Bio-energy ranks second to hydropower in renewable U.S primary energy production and
accounts for 3% of the primary energy production in the United State. Biomass include any plant
derived organic matter available on a renewable basis such as dedicated energy crops and trees,
agricultural food and feed crops, agricultural crop wastes and residues, wood wastes and residue,
aquatic plants, animal wastes, municipal wastes and other waste materials. Societies have used bio-
energy for thousands of years, ever since before burning wood was used to cook food or heat a home.
The use of bio-energy has the potential to greatly reduce green house gas emissions (Ellington et al.,
1993, Berndes et al., 2003).

Hydropower energy is derived from flowing water. The most common types of hydropower plant
use a dam on a river to store water in a reservoir. However, hydropower does not necessarily require a
large dam. A small carnal can be used to channel the river through a turbine. Geo thermal energy is
derived from the heat in the earth. Geothermal energy technologies use the heat of the earth for direct
use applications, geothermal heat pumps and electrical power production. Geothermal energy sources
are favored because they releases little or no air emissions compared to convectional energy resources
(De Laquil, et al., 2003). Solar energy is used in providing heat, light, water, electricity and cooling.
Photovoltaic (PV) systems are the easier means of providing electricity from the sun using solar cells
(Kelly, 2003).

Inadequate handling and management of agricultural waste can lead to epidemics and mass
casualties. Proper handling and management of agricultural waste can positively turn the wastes into
abundant source income generation and business, bio gas production been a good example.
Agricultural waste management systems must be provided in the rural communities, not only urban

arcas.

Agricultural Waste Management

Agricultural waste is associated with very high pollution characteristics, especially effluents from fruit
and vegetable processing. It has detrimental effects on the soil, plant, surface & underground water
and pollutes the air. It could be a very serious problem resulting in disease spread and epidemic if not
properly managed. On the other hand it could become a source of income generation if well managed.
Engineering applications are essential in the design, construction and maintenance of:
»  waste collection facilities such as rakes, collection bags/ buckets, etc

»  waste disposal facilities such as drainage channels, tippers, etc
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e waste management systems such as dumping ground, aerobic and anaerobic ponds,
incinerator, septic tank, bio-methanation tank, etc

*  Waste conversion/ recirculation facilities

The use of agricultural waste as bio-fuel, essential oil and organic fertilizer are means of making

wealth from waste, and should be encouraged in the African nations.

CONCLUSION

About 70% of Africans are involved in agricultural production, yet Africa is not food sufficient.
Whereas, in the developed nation, less than 5% of the population is involved in agriculture. This
minority of people produce sufficient for national consumption and excess for export as a result of the
applications of science and engineering. Engineering applications in the production and processing of

fruits and vegetables must be encouraged in Africa.
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CLIMATE CHANGE, AGRICULTURAL PRODUCTIVITY AND BIOTECHNOLOGICAL
IMPLICATIONS IN SOUTH - WESTERN NIGERIA
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Abstract

In South-western (SW) Nigeria, evidence of climate change include rainfall variability over time and
space, decreasing rainfall duration, changing time (month) for the beginning of the raining season,
shrinking raining season, chronic rainfall deficit, changing ecosystems, increasing drought and flood
frequency and incidence, desert encroachment, coastal erosion, etc, all of which translate into water
and food deficit. With an agricultural sector mostly rainfall dependent, the impact of climate change
on agriculture was assessed using secondary data on rainfall, cultivated area, yield, price and income
per ha for major crops in the zone. Data from 1995 to 2006 were analysed using mean, standard
deviation, coefficient of variation, Curve Estimation models and ANOVA. The results indicate
negative rainfall trend from 2001 and greater variability of yield and income for all five major crops
considered (0.28 in average) with an overall rainfall variability of 0.14. Sorghum presents the highest
variability in total area planted among the crops. Of all crops analysed, yam and sorghum show a
constant decrease in yield over time, while cowpea yield remained stable in the area. These results
imply that more research attention in terms of biotechnological adaptation to climate would still be
needed despite the ongoing efforts from National and International Research Agencies on such crops
like yam and sorghum. In order to break the current trends in yield decline the efforts would mean
more adapted agricultural practices policies like irrigation calling for an adaptation biotechnology
development compatible with such new practices which would also be coupled with variables like
changing tastes in order to ensure food security and agricultural sustainability in South-western
Nigeria.

Keywords: rainfall, crops areas and yield, price, trend an variability estimation, South-western
Nigeria

INTRODUCTION

Climate change is the long term pattern of change in trend and variability in weather indicators such as
temperature, rainfall, solar radiation, winds, etc. (Wikipedia, 2009) resulting in changing events such
as increasing desertification, frequent drought, flooding, freeze and changing ecosystems leading to
natural disasters and catastrophes with associated economic effects such as famine, widespread
diseases, poverty and increasing conflicts over environmental resources. The current causes of climate
change are natural and anthropogenic. Natural factors include changing earth orbit, solar events, etc.
while anthropogenic factors result into global warming as a result of industrialisation, aggressive
technology, intensive use of fossil fuels, aerosols, etc. and the derived rapid population growth. Of the
three of natural events, population growth and technological progress experts unanimously agreed that
anthropogenic factors especially Greenhouse Gases generating technologies are the fastest causes of
climate change and global warming and Africa would be one of the continents of the world to be most

vulnerable to climate change (Rosenzweig and Parry, 1994; UNFCCC, 2006; IPCC, 2007). Studies
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also report that some adaptation measures are taking place; however, this may be insufficient to
curtailing future effects of the changes in climate. According to IPCC the Sahelian region of Affica,
warmer and drier conditions have led to a reduced length of growing season with detrimental effects
on crops while in southern Africa, longer dry seasons and more uncertain rainfall and sea-level rise
with population growth are together contributing to losses of coastal wetlands. Temperatures change in
the area range from 0.2 to 1.0° C for the period 1970-2004 with associated disturbances that include
flooding, drought, wildfire, insects attack and other global changes in land use, pollution, and over-
exploitation of natural resources. According to IPCC it was expected that “By 2020, between 75
million and 250 million people would be exposed to increased water stress due to climate change.
Agricultural production, including access to food, in many African countries and regions is also
projected to be severely compromised by climate variability and change. Lands area to agriculture, the
length of growing seasons and yield potential, particularly in the semi-arid and arid areas, are expected
to decrease by up to 50% by 2020. According to the Third Assessment Report the Intergovernmental
Panel on Climate Change in its scenarios over the next 30 years global food production will need to
double to feed the planet’s growing population. For Africa the report concluded that many countries
would experience a fall in grain yields and would be vulnerable to droughts, floods and other extreme
events that would put greater stress on water resources, food security and human health.

The United Nations Framework Convention on Climate Change (UNFCCC) identifies two options
to address the climate change issue: mitigation of climate change by reducing greenhouse gas
emissions and adaptation to the impacts of climate change. Mitigation comprises all human activities
aimed at reducing the emissions of greenhouse gases such as carbon dioxide, methane and nitrous
oxide. Adaptation in the context of climate change refers to any adjustment that takes place in natural
or human systems in response to actual or expected impacts of climate change, aimed at moderating
harm or exploiting beneficial opportunities. According to UNFCCC (2006), both mitigation and
adaptation are essential in reducing the risks of climate change. For Agriculture, climate change may
call for mitigation or adaptation, but UNFCCC (2006) recommends adaptation rather than mitigation
in tackling the effect of climate change.

The climate change has some implications on agriculture and its long term sustainability in terms
of resources use and future availability. This therefore calls for constant agricultural productivity
adjustment adaptation.

Worldwide, the technological strategies adopted to face the agricultural productivity variability
challenges include the use of drought and diseases resistant-early maturing varieties (food crops,
livestock, vegetables and trees), soil fertility management techniques, and environmental protection
measures (including wind-break techniques), development of irrigation technologies adapted to small
farming environment, etc.

Two approaches are being canvassed in tackling the problem of agricultural adaptation to climate
change: the conventional crop breeding approach and the biotech engineering approach. But, in a 2002

interview with Actionbioscience on Biotechnology and the Green Revolution, the renowned Scientist
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Norman Borlaug stated that the conventional approach of crop improvement only, used to adapt
agricultural production seems inadequate in front of the projected high speed of climate change in the
near future. This ineffectiveness therefore suggests the use of the new strategy of biotechnological
engineering application. Biotechnological measures, in addition to promoting environmental friendly
tropical agriculture may include genetically modified organisms (GMO) such as transgenic crops
(corn, rice, tomato, soya, fruits, sweet potato, etc) incorporating herbicide-tolerant gene, transgenic
animals (cows, sheep, pigs, rabbits, etc), etc. and the need for increased productivity using less land
area in order to stop hunger in developing countries of Africa and Latin America. He also suggested to

first considering crops that are most basic to the country’s food system.

CONCEPT OF BIOTECHNOLOGY

Biotechnology could be defined as either a technique or method of producing new technology or
substance using life materials (micro organisms, plants and animals). It involves the technique of
breeding, genetics, embryology, biochemistry, cell biology, molecular biology, bioengineering, etc.
According to Wikipedia (2009) it is technology based on biology and can be classified into green
biotechnology (agriculture), red biotechnology (health), blue biotechnology (marine science) and
white biotech (industry). Biotechnology in agriculture would increase yields, produce drought and
diseases resistant crops, reduce crops vulnerability to environmental stresses, improve nutritional
quality and market characteristics of crops, reduce dependence on artificial fertilizers and
agrochemicals and produce novel substances from plants and animals for human health and the

industry.

THE SITUATION IN SOUTH WESTERN NIGERIA

Nigeria is a tropical country situated in West Africa. Its climatic zones include the Dry Guinea
savannah in the Northern part, Humid Guinea savannah in the middle and the rain forest in the south.
The South Western Nigeria is geographically located between the longitudes 2° 24’ and 6” 03’ E and
latitudes 5° 49> and 9° 17° N (Balogun, 2003), and comprise the Guinea savannahs and the humid
dense forest climate characterised by two seasons: dry season and wet seasons. The mean annual
rainfall varies between 500 and 1800 mm per annum and the mean temperature between 22° and 30° C
with relative humidity between 75 - 95%. The agricultural output grew only by 2.7 percent per annum
against 3.1 percent annual population growth, denoting en environment of constant food deficit in
quantity and quality serving the basis for huge bill of food imports.

Administratively the SW Nigeria is made up of six States namely Lagos, Ogun, Oyo, Ondo, Osun
and Ekiti covering a total area of 72,000 km® with an estimated population of about 27 millions
people. The population in the area are mostly Yoruba with agriculture as the predominant occupation
practicing mixed cropping and mixed farming. The SW Nigeria, with a population density of around
400 habitants per km® is characterized by a rain-fed agriculture, a predominantly small-scale farming

using traditional crops and practices with a high rate of shrinking farming space due to gulley and

65



wind erosion and increased wind incidence during cropping including coastal erosion. Some
international organizations operate in the area like ILRI, IITA, including national agricultural and
research centres trying to alleviate the area’s food problems. Farmers are constantly faced with
poverty and food insecurity challenges. The major cops grown in the area include maize, yam,
cassava, cowpea, guinea corn, vegetables, fruits, etc. while poultry, small ruminants and cows are the

major livestock raised.

Natural Indicators of climate Change in SW Nigeria

Agriculture in SW Nigeria is also rain-fed. It is practiced in majority by small scale farmers using
traditional crops and practices. The area is also marked by a growing population and fast depleting
natural resources as a result of the impact of the climate change posing a pressing challenge for growth
and agricultural sustainability. Some of the visible indicators of climate change in the area include:
shifting raining period and length, late and shorter rains, inter-annual rainfall variability, seasonal
water scarcity, instable rainfall level, increasing natural evaporation as a result of changing
temperature, decreasing water table, fast drying and shrinking rivers, shrinking ecosystems, growing
desertification... The impact on local agriculture include: frequent rain deficit and drought with
intermittent storms followed by sporadic floods, depleting soil resources, eroding soil fertility,
shrinking agricultural lands and grazing space, increasing poverty incidence, growing conflicts over
natural resources among farmers and between farmers and transhumant livestock herders; this partly
as a result of long age population migration from the northern part of the country. Of great concerns
are shifting and unpredictable start of the rainy season coupled with shrinking days and high
fluctuations of the rainfall, an unprecedented pest and disease incidence that constitute current
adaptation challenges for agriculture and calling for prompt biotechnological applications. Eleri (2007)
and Adejuwon (2009) noted that policies to make Nigerian Agriculture less vulnerable to climate
variability must include the development of heat tolerant varieties and improved seeds and cultivars.

The objectives of this study were to analyse the effects of climate change on some major
agricultural products in the SW Nigeria in order to recommend appropriate biotechnological
adaptations measures that would ensure sustainable productivity in the area. Specifically the study:

*  Analyses the trend and variability of the climate in SW Nigeria;

*  Assesses the effect of the climate change and variability on five major crops;

*  Identifies necessary biotechnological research direction for the area.

MATERIALS AND METHODS

Time series data from CBN and National Bureau of Statistics for the period 1995-2006 were analysed
using descriptive and inferential statistics. Trend analysis (with quadratic or cubic curve estimation
models as suitable), coefficient of variation (CV = o,/p,) and Analysis of variance (ANOVA) were
used to analyse the data. Curve estimation regresses smoothed data of annual total rainfall, cropland

areas, yields, deflated average prices and income per ha, over time. Trend analysis helps assess any
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climate change and biotechnological impact while the CV indicates the level of variability and risk in
production for the crops. The crops considered for the analysis include maize, yam, cassava, cowpea
and sorghum and the states covered are Lagos, Ogun, Ondo, Osun, oyo. The inflation rate (base 1985)

from National Bureau of Statistics (2006) was used to deflate the price and income series.

Computation of deflated price and income
The real price and income were computed as follows:
X¢ =X (1- f)
Where,
X, = real value
X =nominal value

f; = inflation rate (%)

RESULTS AND DISCUSSIONS
Trend and Variability in Rainfall

The results of Curve estimation with quadratic model over the period 1995 — 2006 shows a significant
positive trend up to 2001 followed by a decline thereafter (bl = 121.68, b2 = -7.32; F = 8.248%**%),
Rainfall also shows instability with a coefficient of variation of 0.14 over the period. Total Rainfall
trend beak-down by state shows: a non significant increase followed by a decrease in Lagos (bl= -
85.18, b2=11.078; F =1.090"%), Ondo (bl= 4.54, b2= -0.19; F = 0.155™%), and a non significant
decrease followed by an increase in Ogun (bl= -31.78, b2= 0.69; F =1.81"°), Osun (bl= - 0.77, b2=
0.258; F = 1.36"™) and Oyo (b1=-5.45 ,b2=0.31; F = 0.59"%).

A comparative analysis by state shows rainfall coefficient of variation classified in decreasing
order as follows: Oyo (0.23), Ogun (0.22), Osun (0.21), Lagos (0.19) and Ondo (0.16) respectively.
These results confirm the assumption of decreasing trend and rainfall instability in SW Nigeria, both
constituting serious challenges for future agricultural sustainability and food security in the zone.

The results of the analysis of the implications are discussed per crop.

Maize

The maize land area with a CV of 0.11 displays a significant sinusoidal curve with a positive trend
since 2003 after a decline from 1998 (F=3.47*) with no significant decreasing overall linear trend.
This is, on the decrease in Ogun (F= 3.58**), Ondo (F=3.47*), Osun (F=2.28"%*) and Oyo (F = 3.59%)
but, shows a significant positive trend in Lagos state only (F=324%*%*),

The maize yield in average shows an overall significant positive trend (F= 44.50***) and a

coefficient of variation of 0.06 indicating yield stability. Maize yield shows increasing trend in Lagos

2wk wikk = 1(); 05 and 1 percent level of significance.

3 N5: not significant
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(F=38.35%*%) Ondo (F=0.47"%) and Oyo (F=10.71***) States, but a non-significant decreasing yield
in Ogun (F= 0.80™%) and Osun (F=2.1™).

In the northern part of the zone (Oyo) with the highest coefficient of rainfall variation there is
palpable indication of chronic maize yield deficit. The CV of Maize yield per state is as follows (0.14)
in Lagos, Ogun (0.0033), Ondo (0.056), Osun (0.000032) and Oyo (0.12). Lagos and Oyo state
present the highest maize yield variability. Oyo state present both high rainfall and maize yield
instability reinforcing the relationship maize yield and rainfall variability. It means any rainfall deficit
would translate automatically to some extent into deficit in maize production and yield therefore into
less income to farmers. Both maize real price and income per ha show a significant positive trend (F=
41.44%** and F= 42.98*** respectively) over the period while the CV of real price and income are
0.36 and 0.39 respectively.

The positive trend in maize yield would see the impact of technological research and adoption by
farmers in the SW Nigeria. The results in all would denote maize intensification policy through faster
technological change induced by research in the area, when combining decreasing land area, though
not significant, with an increasing and stable yield and an increasing but less stable maize market price

and income to farmers.

Yam

The land area to yam crop shows a significant positive trend in the SW Nigeria (F= 9729.51***). A
break-down by state shows a positive trend in all states as follows: Lagos (45.51%%%), Ogun (1.73"%),
Ondo (F=13.80%**), Osun (F = 18.75%**) and Oyo (F = 1.74"®), with increase in yam land area
significant for Lagos, Ondo and Osun only over the period 1995-2006. The CV of yam area is 0.21,
denoting an unstable year to year land area to yam in the region.

The yam yield under the rainfall system with the quadratic model shows a significantly negative
trend

(F= 2.97*), meaning a decreasing productivity of yam crop in the area following a period of
increase. The break down by state shows: Lagos (F=1.023"%), Ogun (increase, F=5.58**), Ondo
(increase, F=6.70**), Osun (increase, F=24.81***), Oyo (F= 0.40"°). The quadratic model results
mean Ogun Ondo and Osun displayed a significant increase in yam yield, while Lagos and Oyo show
a non significant change in yam yield over the period of analysis.

The CV of yam yield is 0.15 and a break-down by state shows Lagos (0.074), Ogun (0.0006), Ondo
(0.04), Osun (0.54) Oyo (0.43) meaning Osun and Oyo states in the northern part present the highest
inter-annual yam yield instability.

Yam price shows a significantly positive then declining trend since 2002 (0.176; F=19.24**%*)
including income (b1 = 48384, b2 = -2996.71; F=8.82***), This tendency to declining real price and
income may be a discouraging signal to farmers in the long term. The CV of yam price and income are
0.36 and 0.39 respectively meaning high uncertainty to farmer for agricultural financing and

modernization of yam farm.
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In summary, the results denote increasing demand for yam due to increasing land area in an
environment of decreasing productivity. There is urgent need for biotechnological adaptation of this
crop for increased productivity that would reduce demand for land expansion. But there is a risk that
any biotechnological adoption by farmers be hindered by the non stimulating negative trend in

income.

Cassava

Of the linear, quadratic and cubic models, only the cubic curve estimation shows a significant
sinusoidal fluctuation in cassava land area showing a positive trend since 2004 after a decline from
1997 (F=4.61**; sinusoidal positive) with a CV of 0.11 and a non significant negative linear trend.
Yam area trend by state shows: Lagos (F=134**%*; linear positive), Ogun (F=2.96*; sinusoidal
positive), Ondo (F=4.008**; sinusoidal positive), Osun (F=3.88**; sinusoidal positive), Oyo
(F=2.96%*; sinusoidal positive).

The yield also displays a sinusoidal form with a significant positive trend especially since 2004
(F=3.45%*; sinusoidal positive) probably due policy measures of the Federal Government towards more
cassava production for export and industrial use. The CV of the yield is 0.031 showing cassava yield
stability in farm environment. These results show the technological impact of research for the crop in
the area. By state: Lagos (F=4.61**; sinusoidal positive), Ogun (F =1.69"° sinusoidal negative not
sig.), Ondo (F=9.24***; quadratic positive), Osun (F= 21.22***; sinusoidal negative), Oyo (F=3.43%;
sinusoidal positive). Therefore only yield trend in Lagos, Ondo, Osun and Oyo were significant.

A significant positive trend in real price and income (F=39.14*** and F=48.38*** respectively) to
farmer also indicates an encouragement to production by small farmers making the bulk of producers
with a CV of price and income of 0.37 and 0.39 respectively.

Because of the technological impact the effect of climate change could be said to have been
mastered for this crop through the yield as farmers seem to be responding positively in terms of
technological adaptation, following for instance the introduction of virus resistant cultivars by
Research Institutes. But this yield improvement in farmer’s environment should translate into
decreasing trend in cassava land area; we have a seemingly non significant effect probably because of

land area expansion due to new farmers entering the business.

Cowpea

The quadratic and cubic models that fitted better the data show that cropland under this crop declined
from 1995 up to year 2001, then steadily increased from there on (F=4.094*; convex positive from
2001) with an associated CV of 0.10. By state, Lagos (F=114.3***; concave declining since 2003),
Ogun (F=2.048"%, negative NS), Ondo (F=2.05"%; declining NS), Osun (NIL), Oyo (8.34***; convex
positive from 2001). What then would explain the decline in cowpea land area within the period 1995-
2001 in the SW Nigeria? Would scarcity of seeds explain this decline in cowpeas cropland? Is any

cowpeas improved seeds scarcity for planting witnessed within the period in the area?
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Cowpea yield (F =0.51™ stable yield) shows yield stability with a CV of 0.14. By state: Lagos
yield (F=3.91%*; sinusoidal positive); Ogun (F= 2.4 negative), Ondo (F = 2.63"%; concave negative
from 2001), Osun (NIL) Oyo (F= 0.49"%; negative NS trend).

The non increase in cowpea yield would mean a non significant on-farm impact of cowpea
technologies developed by Research Institutions for the area.

The trend in cowpea real price and income show a significant positive trend (F=51.79*** and
F=11.47*** respectively) which is an encouragement to cowpea production and the CV of cowpea
price and income were 0.36 and 0.37 respectively.

These results show the need for an urgent biotechnological adaptation for this crop and also in
terms of policy of massive adoption and acceptance by farmers. Would there be a problem of cowpea

taste or of climate and pests management, especially in front of high cowpea demand in the area?

Sorghum

From 1995 to 2003, sorghum acreage in the area grew sharply then started a decline thereafter
(F=174.92*** concave negative from 2003) for a CV is 0.24. By state Lagos (NIL), Ogun (NIL),
Ondo (NIL), Osun (NIL), Oyo (F=174.92*** concave negative from 2003).

The average yield displayed a significant negative trend (F = 15.12***) and a CV of 0.18 over the
period. By state we have Lagos (NIL), Ogun (NIL), Ondo (NIL), Osun (NIL), Oyo (F=15.12%%*
negative trend).

These results denote an absence of biotechnological adaptation or adoption for the crop in the area,
probably because seen as local crop. This crop presents the highest instable in yield and land area in
the SW Nigeria.

The real price and income for sorghum show significant positive trend (F= 20.24*** and F=
17.20*** respectively) with a CV of 0.36 and 0.33 respectively, meaning encouragement to
production. In view of this there are therefore potential returns to biotechnological research adaptation

needed for this crop in the area.

Summary of the Results

The results showed that total rainfall displays a significant variability and negative trend since 2001. In
terms of cultivated cropland area, guinea corn and yam present the highest instability. Croplands
allocated to maize and cassava both followed a significant sinusoidal trend with a positive trend from
2003 for maize and 2004 for cassava. Yam land area witnessed a significant steady increase over the
period. Cowpea land area witnessed a significant decrease up to 2001 and started increasing thereafter
while sorghum witnessed a significant contrary increase up to 2003 before starting a constant decline.
Questions: what would explain the decline in cowpea area for the period 1995 -2001? Would sorghum
area increase in the same period make this crop a direct substitute to cowpea in farmer’s environment?

In terms of yield variation, yam, cowpea and sorghum show highest yield variability while maize

and cassava show stability.
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In terms of yield trend, significant positive trend over the period was displayed by maize and since
2004 by cassava. It showed stability for cowpea yield, while yam and sorghum displayed a significant
negative trend in yield.

The real Price and income for all five crops except income from yam show significant positive

trend over the period.

CONCLUSIONS AND RECOMMENDATION

There is clear evidence of climate change and variability in SW Nigeria confirmed by rainfall
instability associated with a decreasing trend. There is also cultivated croplands variability. Would the
sharp opposite trend between sorghum and cowpea make these crops on-farm substitutes?

Of the five crops analysed sorghum presents the highest land variability.

In terms of yield trend, maize and cassava present a significant positive trend in yield, while yam
and sorghum show a negative trend; and cowpea a yield stability denoting a lack of technological
adoption. The highest yield risk was associated with sorghum followed by yam and cowpea, while
maize and cassava present the lowest yield instability. Price and income of all crops show a significant
positive trend except income from yam, but with variability in the same range for all five crops.

Yam, cowpea and sorghum therefore need more research attention in terms of biotechnology
adaptation since all of these crops, assume significant positive trend as indicator for important returns
to investments and also for long term food security.

In sum:

*  There is evidence of effect of climate change and variability on Agriculture in SW Nigeria

*  The declining rainfall trend means more irrigation policy and irrigation adapted technology
would be required;

*  The analysis shows a significant technological impact on two crops only: maize and cassava;

*  Yam, cowpea and sorghum need more research attention in terms of biotechnology adaptation
or adoption since all of these crops, assume significant positive trend in price, a potential indicator of
returns to investments and also as a long term food security solution for the area;

*  Finally, results show the need to encourage biotechnological research and biotechnological
adoption that meet on-farm technical (tolerance, flexibility, resistance) economical (profit) and social
(culinary, nutrition, taste, colour, size, etc) requirements.

Finally, the increasing agricultural water scarcity would also mean the need for irrigation
technology policy that would call for crops technologies adapted to such an environment; all of this

taking care of increasing demand and changing population structure and changing taste.
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Appendix

Figl: Average Annual Rainfall in SW Nigeria for the 1995-2006
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Fig2. Trend in yam yield over the period 1995-2006
yamaveragyield
14000.00
o
13000 00
12000 00 o
1100000
1000000
900000
5000.00

Sequence

73

2 Obhserved
— Quacdratic
— Cubic

& Obhserved
— Quadratic
— Cubic



Fig3. Trend in sorghum yield over the period 1995-2006
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Fig4. Trend in cowpea area over the period 1995-2006
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Fig5. Trend in sorghum area over the period 1995-2006
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AGRICULTURE AND WEATHER VARIABILITY: HOW LOCAL FARMERS MITIGATE
CLIMATE SHOCKS IN SOUTH-WESTERN NIGERIA*
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Abstract

Indigenous knowledge is pervasive in all the spheres of life of [the] rural people. Local-level decision
making processes are thus guided by grassroots or local knowledge. Agriculture, which is the means
of livelihood of the rural community dwellers, forms a major sector in which local knowledge is vital.
Thus, farmers have read the weather as they wield experiences gained over the years to determine
when to engage in farming operations [such as land preparation, planting, harvesting and processing,
among others]. This paper employs a radical analytical approach to shed light on the politics involved
in knowledge production. More importantly, it focuses on the identification of local strategies, which
smallholder farmers [in south-western Nigeria] use in mitigating weather variability with a view to
forestalling crop failures. The paper also probes what constitute weather variability to smallholder
farmers; their impact on agricultural production; how these are mitigated by the farmers; and the
problems with which these smallholders are confronted.

Keywords: Indigenous knowledge, agriculture, farmers, weather, variability, politics, grassroots,
South-western Nigeria.

INTRODUCTION

The role of local knowledge in development cannot be gainsaid. As grassroots daily lives are guided
by certain belief systems, local knowledge is seen as pivotal to rural livelihoods. Be it in agriculture,
forest conservation and traditional medicine, to mention a few, indigenous knowledge forms the basis
for local level decision-making of the rural people (See for instance Brokensha et al. 1980; Kolawole
2009, 2005, 2003, 2001; Warren 1990, 1990). Noted for their sensitivity, agricultural practices are
engendered and directly influenced by geographical elements like rainfalls, temperature, soils and
vegetations. They all interplay to influence the pattern of agricultural practices and productivity in a
given locale.

Although becoming a global attention in the recent times, climatic change is not a new
phenomenon. Hitherto ‘unnoticed’, the constant progression and growth of world’s population
combined with modernisation have over the years gradually and surreptitiously impacted on the
environment. Indeed, the recent hues and cries about climate change have been informed by the sharp
variations now noticed in global weather conditions (See Sachs 2008; IPCC 2007). Unheard,
smallholder farmers have had to contend with this variability as the years went by. Through cognitive
mapping and validations, smallholder farmers are thus able to discern the weather: they have
developed local technologies to predict and adjust to the vagaries of weather. James Shikwati, Director

of Inter Region Economic Network based in Kenya buttressed this claim succinctly thus:
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There was a time in Africa when elders would "talk" to the drought and negotiate
their way into receiving rainfall. With their unique understanding of causation,
elders would either sacrifice a black sheep or ask a virgin girl to bathe in a lake in
order to draw the attention of the rain gods. Would that they could do so now
(Shikwati 2009).

Shikwati’s (2009) viewpoint may sound primitive and anachronistic, yet it is just the plain truth.

Over the years, weather variability has become a threat to poor people in sub-Saharan Africa
(SSA). By and large, their livelihoods have been adversely affected as result of abrupt changes in
weather conditions (Dobie ez al. 2008: 1). Their resilience has thus been called to question as a result
of a combination of factors ranging from economic, political, social and environmental concerns
which tend to have overwhelmed these poor farmers. Unprecedented, warmer weather has been
reported on [the] earth in the 20" Century by the Intergovernmental Panel on Climate Change (IPCC),
World Meteorological Organisation (NMO) and United Nations Environment Programme (UNEP)
(Obioha 2007: 1). As claimed by these bodies, the average surface temperature has now increased by
about 0.6 £ 0.2°C making the earth warmer than at any other time ‘during the past 1000 years...’

Anuforom and Okpara’s (2004) study on the influence of climate variability and climate change on
agricultural production in Nigeria is instructive. They had employed time series and variability
analyses to investigate the general rainfall pattern (in terms of the amount, onset and cessation) in
relation to agricultural production in four climatic zones’ ‘using data covering 60 years of monthly
rainfall and 15 years of rainfall onset and cessation’ (Kolawole ef al. 2008). A 30-year trend data of

<

agricultural yield and livestock production were also used. Their findings show ‘...some climatic
variations which appeared as fluctuations of wet and dry years in and irregular pattern. Most rainfalls
between 1944-1970 and 1991-2001 were above normal for the zones, while the rainfalls between
1972-1975, 1983-1989 (Sokoto, Kano), 1981-1988 (Maiduguri) were below normal’. But for Kano
area, a decreasing rainfall trend was observed in the Sahel. The study also reveals that °...other
climatic zones showed similar characteristics, except that the decreasing trend of rainfall was more
serious and critical over the sahel (sic) region than the other zones...It is also observed that most of the
zones received normal rainfall during the weak (1992-1994), moderate (1991) and strong (1972 and
1982) El Nifio Southern Oscillation (ENSO) years’ (See also Nigeria’s First National Communication
of the UNFCCC 2003).

Indications are that Anuforom’s and Okpara’s findings portray a dire situation for Nigeria as they
show ‘...most of the climatic zones [including the rainforest of South-western Nigeria] are already

B

under water stress or water scarcity...” affecting food and animal production in the affected areas.
Kolawole et al. (2008) opine that many changes have occurred over the years as many rivers and
streams have dried up. The E/ Nifio phenomenon of 1994 experienced in Nigeria witnessed a period of

long dry spell spanning the months of June and August when the rains should naturally have peaked.

5 The four climatic zones in Nigeria are the Mangrove forest situated along the coastline, Tropical Rainforest found in the
southern part, Guinea savanna peculiar to the middle belt and the Sudan/Sahel savanna stretching across the northern fringe of
the country (See Appendix 1).
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In a way, this paper is particularly radical in its approach by shedding light on the politics involved
in knowledge production. However, the discourse is principally concerned with the identification of
local strategies/approaches, which smallholder farmers [in south-western Nigeria] use in mitigating
weather variability with a view to forestalling crop failures. Probing on what constitute weather
variability to smallholder farmers; their impact on agricultural production; how these are mitigated by

the farmers; and the problems these smallholders are confronted with are addressed in the paper.

CONTEXTUALISING THE POLITICS OF DOING INDIGENOUS KNOWLEDGE
RESEARCH

Nonetheless fragmented and contextual, knowledge by its nature is diffused and ubiquitous.
Indigenous or local knowledge systems, which is the body of knowledge belonging to a group of
people situated in a geographical location, is as old as the history of man. Grassroots people,
particularly peasants and native philosophers, develop and hold this knowledge in trust. Although seen
as pervasive in the developing world, local knowledge is neither mutually exclusive to the South nor
to the North. Within both divides, traditions — being the basis of local knowledge — inform the
interaction between grassroots people and their environments. More importantly, the politicisation of
knowledge particularly amongst the modernists has thus engendered its delineation. Indeed, the
contestations between modern science and local knowledge is rooted in the superiority once ascribed
to the former by the modernists who had claimed that western science is ‘organised’ and ‘systematic’
as against the ‘unscientific’ form of knowledge based largely on mere oral traditions and without any
deductive logic.

Contextually, some amongst us - senior academics and colleagues, do not see any relevance in
doing research in local knowledge of grassroots communities. They make jest of those of us interested
in the subject matter. These are Africans. Somehow, their western training has somewhat marred their
objectivity. To them, it is rather retrogressive than progressive to be sympathetic towards traditional
knowledge! Thus, studying indigenous knowledge is nothing to be encouraged at this time that the
adoption and application of western knowledge only answer global demand and competitiveness. Sad
enough, some of us have attempted publishing papers on indigenous knowledge for the umpteenth
time in certain scientific journals in the West but to no avail; propagating such knowledge systems is
out of place in the current dispensation. At the moment, research proposals on local knowledge are in
most cases hardly funded [by donor and research agencies] if at all they had had their ways in the past.
Research agendas are merely what donor organisations want and not what academics and researchers
perceived as most appropriate in a particular locale. Thus, academics driven by the desire to get
funding by all means possible, therefore, work to the rule of the game. In so doing, knowledge
production is prejudiced and has thus been compromised. Nonetheless, it is parochial to think that
local people’s knowledge will completely be swept away by modernisation. Experience has shown
that grassroots people will use whatever they have to overcome particular challenges when the

occasion calls for it (Kolawole 2001: 13-15).
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That said, it is acknowledged that Asian academics, unlike [the] majority of their African
counterparts, tend to emphasise the importance of local knowledge in the development process. Many
journals in the Pacific, for instance, are thus dedicated to reporting indigenous innovations and
knowledges of grassroots communities. It is, therefore, of little or no surprise that Asia is moving fast
on its path towards an all-round development. It must be said, however, that finding an intersection
between western and local knowledges will go a long way in achieving global sustainable

development now and in the future.

METHODOLOGICAL APPROACH
Study area

The study was carried out in five communities of Osun and Oyo states in South-western Nigeria. The
communities were Aye Cocker, lta-Osa and Erefe communities in [fe East Local Government Area
(LGA) of Osun state, and Yanbi and Oloya villages in Atiba LGA of Oyo state. Osun and Oyo states

were selected because Yoruba traditions have their history firmly rooted in them.

Sample procedure

Purposive sampling and snowball techniques were used to select farmers with ample years of farming
experience in arable crops, tree crops, livestock, agro-forestry amongst others. This is to ensure that
farmers who have experiential knowledge of weather variability are included in the interview. A total
of twenty three (23) discussants were selected in five (5) groups, each comprising an average of four
(4) members. Accordingly, five (5) FGD sessions were held among the discussants. FGD-guide
translated in Yoruba was provided every discussant. The discussants had earlier given an oral consent
to the interviews thus allowing us to do the audio recording of their responses. We also ensured their
anonymity and confidentiality. So, qualitative data were gathered through FGD sessions just as

secondary information was obtained through literature.

Data Analysis

The discussions elicit copious qualitative information and thus address multiple thematic areas. All
discussions were audio-taped and transcribed into English with the help of field assistants. Transcripts
were slightly edited to ensure easy readability and understanding of participants’ responses. To
achieve what Burnard (1991: 461-466) calls immersion in the data, transcribed texts were then read
several times, and memos were written on the general themes arising from the data collected. As
documented in Torimiro and Okorie (In press), the research team analysed the content of the memos
developed from the data, relying on literatures, with three linked stages. The initial stage involved
open coding to identify themes emerging from key sentiments captured in the expressions, responses,
ideas, words, and phrases used by the responding discussants. This process continued until all ideas

had been absorbed into themes. The second phase involved the exploration of theme properties and
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relationships. During this phase, themes and connections between them were elaborated to identify
crosscutting ideas, issues, and scripts. The categories that emerged were then contrasted with one
another to guarantee the mutual exclusivity and specificity of their properties. The final phase
involved the organization of themes around prioritized core categories of cultural dimension of
weather variability, ethno-meteorology, weather variability, farming enterprise, mitigation of weather
variability, perception about weather variability, problems associated with mitigating weather
variability in farming activities. As reported in Torimiro and Okorie (2009), our analysis and
interpretation of categories were compared with what other scholars had written, especially about
cultural dimension of weather variability, ethno-meteorology, weather variability, farming enterprise,
mitigation of weather variability, perception about weather variability, problems associated with
mitigating weather variability in farming activities. Colleagues at the Obafemi Awolowo University,
Nigeria, also read through our memos and analysis to see if they were scientifically appropriate. They
made very useful suggestions that helped in refining, validating, and directing our examination of the
data. In many instances, verbatim quotations were placed in boxes to illustrate the discussants’

responses on relevant issues and themes.

GENERAL DISCUSSIONS

The study population comprises both female and male gender. In all, 10 women and 13 men totalling
23 farmers were interviewed in the 5 groups considered for the FGDs. The age range of the
participants in the group is from 25 to 60 years reflecting an average age of 41 years. In terms of
farming experience, the average year of farming experience was 30 years. Farming enterprises with
which participants are engaged in the study areas include maize, cassava, yam, beans, groundnut,
melon, pepper, okra, vegetable, orange, kolanut and cocoa.

Major areas of concern in the analysis are presented below:

Ethno-meteorology

The approach used in reading and predicting the weather by grassroots people is referred as ethno-
meteorology. Framers do this to enable them make the right decision on when to plant and do other

farming operations. Viewpoints on how local farmers do this are presented in Box 1.

Box 1: Reading weather through elemental signs, symbols and cultural festivities

We read weather through signs in the sky and through reactions of certain trees to changes in weather.
Specifically, when Baobab trees begin to shed flowers, it is an indication of the end of dry season and
the beginning of the rains. Also, sighting certain mushrooms is a proof of heavy impact of the rains on
soils. This is a good signal to be rest assured that all is well in a particular farming year — Farmers in
Ile-Ife, Osun state, Nigeria.

We discern whether the rains will either be abundant or not in a particular year at the on-set of the
rains. For instance, whenever early rains come regularly in the morning at the beginning of a rainy
season, this portends rain scarcity in that planting year. It is otherwise if the rainy season starts with
evening rains — A farmer in Ife East LGA, Osun state, Nigeria.

Serving as a guide in our farming operations, when the clouds begin to gather together, we start pre-
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planting operations. Thick cloud or cloudily sky provides a clue to when it will rain. However, what
precedes a bright weather condition or armattan is the dew or overcast weather condition - A farmer
in Oyo, Oyo state, Nigeria.

Once it rains in March we start maize planting operations. We start to plant in the first week of April.
When the height of maize plant reaches about 30cm [1 foot], we then plant cassava cuttings. We grow
groundnuts in April, beans in May and yam from September to October (early yam) and December to
January (late yam) in favourable weather condition. We harvest early yam in June and July while late
yam is harvested in October and November - Some participant farmers in Oyo state, Nigeria

For us, the planting season begins from March with land clearing followed by planting of melon and
maize. Planting of melon coincides with the period when the fruits of locust beans mature. In October,
the behaviour of locust beans tree informs us [the farmers] that it is the time to plant yam -
Participant farmers in the savanna area of Oyo State, Nigeria.

In the past, during celebration of Luwo in Ife and Osun Osogbo festivals which come up in August,
there used to be continuous dew and rainfall but this year [2009], there has neither been continuous
dew nor rainfall; the weather has, thus, changed — Participants in Osun state, Nigeria.

During the Egungun (masquerade) festival we usually experience continuous rainfall but this things
are no longer happening and we believe this is what the yam needs for good performance in our farms
- A participant in Oyo state, Nigeria.

Source: field survey (2009)

The viewpoints above shows the confidence local farmers repose in some natural elements, symbols
and festivities to read weather conditions within their locality. Relying on previous experiences,
farming decisions are made based on the signs farmers perceived as either favourable or detrimental to
good crop performance. Of interest is the observed pattern of early rains at the beginning of the wet
season. It is affirmed that it is ominous for early rains to commence with early morning downpours;
this is perceived as a year of drought. Culture, which is the totality of the way of life of a people, is
seen as important in weather reading. Thus, the celebrations of some Orisa festivals in Yorubaland

have been juxtaposed with weather variability by smallholder farmers.

Farmers’ definitions of weather variability

The understanding of smallholder farmers about weather variability is sought to know what this
concept means to them. The following responses are provided by the groups of farmers interviewed in

both Osun and Oyo states, Nigeria.

Box 2: The meaning farmers assign to the vicissitudes of weather conditions; their experiences
and perceptions

Rain starts in March and most of the time pours down heavily between April and July. During this
period, we grow crops like maize, cassava, yam, and groundnut. Also it rains continuously within the
first two weeks of August and breaks at the end of the second week in August. We rely on rainfall
after the August break for the planting of late maize. Weather changes determine seasons and seasons
determine what we plant... In the olden days, our forefathers used to have rains in the first week of
January but the situation now-a-days indicates that the weather has changed - Participants in Osun
state, Nigeria.

In the past, it used to rain continuously in late July/early August. Then, it was hard for somebody to
go on outings or do farm business. But nowadays, the weather has changed. In the recent times,
raining season now starts in the first week of April. This year for instance [2009], the rains have
ceased since the first week of August. Instead of having the usual rainfalls, what we have had has
been dew drops. Our sins may have caused this [Emphasis ours]. You see, there are many bad things
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that people do nowadays which were never done in the days of our great grand fathers. Every change
in the weather that affects human activities is God’s punishment for the evil things that people are
doing nowadays. Look, in the days of our fathers, we used organic manure and there was no case of
stealing manure... What do we have today? Inorganic fertilisers, which our so called politicians divert,
cheating poor farmers... these are evils... - A farmer in Ife East LGA, Osun state, Nigeria.

Usually, the rains become heavy in May while it rained profusely in June and July. What follows the
rains is a very cold weather. During this period, it is neither rainy nor sunny. This period could be
detrimental to plant and animal health. Diseases spread during the time of warm and damp weather.
What then follows is the harmattan, with its accompanying dryness and hotness, which of course
destroy some crops but enhances the healing of farmers’ physical injury/wound - A farmer in Ife East
LGA, Osun state, Nigeria.

More importantly, when it fails to rain, the temperature rises and most of the time becomes
unbearable particularly so in the recent times. Again, these vagaries tell a lot on both human health
and agricultural activities... we uproot already established plants and have had delays in time of
planting due to inclement weather condition. We have incurred losses in our farming enterprises
because of crop failures. And sometimes we have had delays in farming activities due to the erratic
change in weather conditions - Some participants in Oyo state, Nigeria.

Many years back, old people had warmth during harmattan by sitting or sleeping close to the fire
place. But now-a-days, they wear just thick cloth because the harmattan of now-a-days is a far cry
from what we used to have - A farmer from Osun state, Nigeria.

Source: Field survey (2009)

The viewpoints of farmers in Box 2 speak volume of the many dimensions of weather variability.
Farmers see the link between human health and agricultural production. They believe delay in the
rains engenders low agricultural production as warranted by unfavourable temperature and dryness.
On the other hand, the period of dryness is seen as a time for farmers’ physical wounds to heal up!
Interestingly, these farmers have noticed some significant changes in the intensity of harmattan in the
recent times. It is believed that the impact of harmattan is longer felt as it used to be in time past. The
all encompassing viewpoint - ‘[oJur sins may have caused this’ - speaks volumes of farmers’
perception on the vagaries of weather conditions at the moment. Perhaps seen from the scientific
dimension, ‘our sins’ here might mean human activities, which have jeopardised the environment. The
capitalist industrialists’ activities and the political ecology of contemporary societies (Bryant and
Bailey1997; Blaikie 1985; Watts and Peet 2006) may have jeopardised the resource-poor farmer’s
situation in relation to the resultant inclement weather conditions engendered by some nefarious
modernisation projects. Closely linked with this is the political economy of agricultural production in
Nigeria. Farmers’ view was that rent-seeking politicians have always cornered agricultural inputs

meant for the poor majority of farmers.

Impacts of weather variability on agricultural production

How do the vagaries in weather conditions affect farming activities? This sub-section addresses this all
important issue on how smallholder farmers perceive the adverse effect of erratic changes in weather

conditions on agricultural production.
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Box 3: What farmers say about weather variability and agricultural production

Weather variability has impacted on the time we plant, cost of production and quantity of crops
harvested. In the course of controlling termite in cassava farm during inclement weather conditions [in
a particular farming year], the cost of production does soar. We paid extra cost for replanting
operation, bought and applied fertilizers for plants to cope with the vagaries of weather conditions —
Some farmers in Osun state, Nigeria.

Our crops have suffered pest attack and this has reduced our income — A farmer in Oyo, Oyo state,
Nigeria.

Reduction in harmattan period has adversely affected the production of some tree crops like orange,
kola and oil palm. It has affected yam flour production in Oyo area, too, because we need harmattan to
dry the boiled yam used for the yam flour production — A woman farmer in Osun state, Nigeria.
Changes in the harmattan period have adversely affected the production of melon and locust bean
fruits. Too long dry season which sometimes result in extreme heat condition affects yam
germination. Arising from this, we have incurred losses in our farming enterprises. Crops are
destroyed; and sometimes we have had delay in farming activities due to changes in weather
conditions - A farmer in Oyo state, Nigeria.

The problem of incessant changes in weather condition have forced us to shift to the planting of
cassava [believed by them to be more weather tolerant]- An Oyo farmer’s view.

Source: Field survey (2009)

The general viewpoints in Box 3 are that weather variability has engendered high cost of production
and crop failures. Farmers have opined that fruit crops are adversely affected as a result of little or no
harmattan in a particular planting year. In another dimension, too long dry spells or harmattan
engenders low yam production. Generally, crops respond to varying degrees of temperature. Some
those well in mild or cool temperature conditions. Some do better in warm climate. Fluctuations in
weather and climate change as presently being experienced are bound to impact on crop performance
(Battisti 2009).  Also, pest invasion is associated with weather variability; incidences of pest and
disease invasion may have been higher when there is a prolonged rainy condition. Essentially, farmers
have resulted to planting cassava in a bid to forestall crop failures resulting from the planting of crops

which cannot withstand long water stress.

Mitigations of weather variability

This sub-section highlights the local approaches used by farmers in reducing the adverse effects of

weather variability in South-western Nigeria. Viewpoints of farmers are captured in Box 4 below:

Box 4: How small farmers mitigate weather variability

Weather variability cannot be reversed, said some of the farmers interviewed.

We accept whatever weather God gives. However, some following through with certain activities
could help to reduce the problem... we wet our farms during drought, apply fertilisers to crops, use
herbicides and pesticides to control weeds and pests, respectively. We also rely on God favourable
weather conditions - A group of farmers in Osun state, Nigeria.

Although, we can conjure sun using certain plant and invoke rain, this act is not ideal as it could be
thunderous and stormy - One participant farmer in Ile-Ife, Osun state, Nigeria.

In my own perception of whether or not the mitigation of weather variability is possible, I don’t think
weather variability can be checked except if we want to deceive ourselves. The old practice of
conjuring the rains was common in those days but people suffered for it. For instance in my
compound in Ile Ife where people conjured rain, they dare not drink out of it. Also, the wells dug had
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no water. People had to go to long distances in search of potable water! Of what use is that then? — A
farmer in Ile-Ife, Nigeria

One of the things we do is create water channels as it applies to water-log areas. Also, we combine the
planting of certain crops like cassava and maize. We do so in a situation where we have abrupt change
in weather conditions which might induce the failure of one crop. We then rely on the second option
crop. We also plant banana or plantain alongside cocoa to create shade and prevent water loss - A
group of farmers in Ile-Ife, Nigeria.

Source: Field survey (2009)

Much as it is acknowledged that farmers do show resilience in the process of mitigating the vagaries
of weather conditions, it is apparent that some negative value orientations came to the fore during the
discussions with them [See Box 4]. Some of them exhibit fatalistic disposition affirming that nothing
could be done about inclement weather mitigation. That said, farmers identified such approaches as
wetting of farmland, fertiliser application, and the use of herbicides and pesticides. Others are the
construction of water channels [to serve as conduit for conveying water from marshy area [Fadama]
to plots where crops are planted; crop intensification; and the planting of shade crops like plantation
and banana to prevent water loss. Of interest, however, is crop intensification. Small farmers engage in
mixed cropping practices to avert total crop failure; where one crop fails due to its lack of resilience to
water or heat stress, other(s) would survive (e.g. Cassava). This has always been an age-long

innovative practice that prevents local farmers from food crisis.

Associated problems of mitigating weather variability

In this sub-section, we address the problems that are associated with efforts put in place by local
farmers to lessen the effect of weather variability on agricultural production. Responses of participants

are provided in Box 5 below:

Box 5: Problems and challenges of small farmers in the process of mitigating weather variability
We have no money to buy irrigation equipment to alleviate problems associated with prolonged dry
season. We, as farmers of Osun state, don’t enjoy provision of irrigation equipment from government.
We don’t know if they enjoy such in other States but we don’t enjoy such here. We need it here.
Farmers in the Northern part of the country enjoy the provision of irrigation equipment from
government [perhaps due to the extreme dryness experienced there, though]. But then, we feel we also
should equally enjoy it here in the South-west — A farmer group in Osun state, Nigeria.

If we are compelled to conjure the rains, which of course, are always thunderous, it is not free at all;
people pay money to native doctors/wizards who conjure the rains — A farmer in Ile-Ife, Nigeria.
Source: Field survey (2009)

The revelation in Box 5 provides a clue to the vulnerable situation in which the poor farmers presently
find themselves. Granted that they have had to contend with weather vagaries for too long, they are
becoming more and more prone to the adverse effects of climate change. Combined with other vicious
factors, their capacity to cope has been overstretched (Dobie et al. 2008: 1). The political economy
and ecology of weather variability management have not helped these poor farmers in any way.

Consensually acclaimed, treatments given to Northern farmers is not the same as those given to their
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Southern counterparts. Agricultural inputs supply has been lopsided. Policy makers and implementers
have continued to show failings in the management of the situation. As such, resource poor farmers do
not have the wherewithal to forestall the weather shock already confronting them. Left with no
alternative, they have continued to rely on rain-fed agricultural practices to do farming business. In a
desperate bid to survive, they have resorted to certain traditional approaches, which some of them
perceived as not in any way helpful [such rain conjuring]. More importantly, all these issues are a
matter of policy debate.

Conclusions

In this paper, we have taken an activist approach to shed some light on the politics involved in
knowledge production in our own context [Section 2]. We probed how smallholder farmers discern the
vagaries of weather and what exactly constitute weather variability to them (i.e. farmers). We also
identify local strategies which smallholder farmers [in south-western Nigeria] use in mitigating
weather variability [Section 4]. Small farmers have used various means to read meanings and predict
weather conditions within their locality in a particular farming year. They have used crop
intensification and other innovative local strategies to mitigate the adverse effect of weather
variability.

That said, it is becoming worrisome that farmers’ capacity to withstand weather shock is waning by
the day. Combined with other unfavourable socio-economic and political factors, these resource poor
farmers are constantly being overwhelmed by the current challenges. While research agencies efforts
[in devising innovations favourable for farmer survival] are acknowledged, working with farmers to
devise low input technologies for this purpose is essential. Also, policy issues that situate farmers
within the agenda of weather variability mitigation are crucial for improved agricultural production
now and in the future (See also Kolawole 2009). Thus, research agenda and policy formulation need to

be in tandem with proven and observable knowledges of the grassroots.
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Appendix 1

VEGETATION OF NIGERIA

Source: Ministry of Environment, Nigeria, 2003.
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Appendix 2
Spatial Variation of Mean Annual Temperature in Nigeria
Source: Ministry of Environment, Nigeria, 2003.
> e 1z
0 2 4 ] 8 10 2 i 14
o F T + B ES s

TEMPERATURE

24-27"C
21-24"C
0-21"C

27-30°C |

87



Appendix 3
SPATIAL VARIATION OF ANNUAL RAINFALL IN NIGERIA
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Abstract

Application of biotechnology to aquaculture development is sustainable, but has modified the
aquaculture environment in some cases depending on the intensity of usage. Antibiotics have been
widely used in aquaculture in sterilization of equipments and in treatment of fish diseases, and control
of bacteria infections in fish hatcheries. However, the negative effects of the use of antibiotics such as
development of resistant bacteria (modification of microbial ecology) which constitute potential
hazard to the environment and the people have encouraged the use of probiotics. Probiotics are live
harmless bacteria that help the well being of the host animal and contribute directly or indirectly to
protect the host animal against harmful bacteria pathogens. The paper reviewed and discussed the
types of natural and synthetic/commercial probiotics available for aquaculture; the selection criteria
for probiotics; some techniques or parameters used in the assessment of the performance of probiotics
and specific effects of some probiotics on aquaculture. The findings showed that probiotics are useful
in reducing anti-nutritional factors (tannin, phytic acid, mimosine) in non-conventional fish feed
ingredients; in improving water quality and the growth of fishes and in immune stimulation in fishes.
They also help to increase the population of native non-pathogenic bacteria and digestive enzyme
activities; and in inhibition of pathogenic organisms and reduction in incidence of diseases. Probiotics
are also environmentally friendly therefore their use in aquaculture is indispensable.

Keywords: Antibiotics, probiotics, aquaculture

INTRODUCTION
What are probiotics

Probiotics are simply described as harmless bacteria that help the well being of the host animal and
contribute, directly or indirectly to protect the host animal against harmful bacteria pathogens. Fuller
(1989) defined probiotics as live microbial feed supplements which beneficially affects the host
animal by improving its intestinal microbial balance. Tannock (1997) also explained probiotics as
living microbial cells administered as dietary supplements with the aim of improving health. WHO
(2001) similarly described probiotics as live microorganisms which when administered in adequate
amounts confer a healthy benefit on the host. A beneficial effect by application of certain beneficial
bacteria in human, pig, cattle and poultry nutrition has been well documented (Gilliland, 1979;
Conway, 1989; Jong, 1993). But the use of such probiotics in aquaculture is a relatively new concept
(Kozasa, 1986). Presently the interest and awareness is growing daily. Most probiotics are supplied as
live supplements in food, which must have the ability to survive passage through the intestinal tract
(Fuller, 1992). The benefit to host may arise as a nutritional effect, whereby the bacteria are able to

break down the toxic or otherwise nutritious components of the diet, which the host can then digest
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(Smoragiewicz et al 1993). Alternatively, the probiotics may prevent the potential pathogens from
colonizing the gut by production of antimicrobial compounds, or by out competing them for nutrients
or mucosal space (Smoragiewicz et al, 1993). Gatesoupe (1997) stated that probiotic microorganisms
should be non-pathogenic and non-toxic in order to avoid undesirable side effects when administered

to fish.

Why probiotics

Prevention of fish diseases is essential to the success of any large-scale, intensive production of fish in
culture. Bacterial infections, the major causes of mortality in fish hatcheries and adult fish production
systems (Austin and Stobie 1992) are controlled prophylactically, and therapeutically based on oral
administration of antibiotics. Such treatment may cause the development of resistant bacteria (Aoki et
al 1985) and can lead to potential hazard to the public health and the environment. Besides, the normal
beneficial microbial flora in the digestive tract of fish may also be killed or inhibited (Sugita et al.
1991). Amabile-Cuevas et al. (1995) stated that vaccines are also being developed, but cannot also be
a universal disease control measure in aquaculture. A new approach that is gaining acceptance within
aquaculture industry is the use of probiotic bacteria to improve disease resistance, water quality and/or
growth of cultured fishes (Verschuere et al 2000). Probiotics are defined as live microbial feed
additive, which gives a good effect on the host animal by improving the microflora of their
gastrointestinal tract (Fuller 1989) via the production of nutrients enhancing immune responses and
improving the water quality. In order to make aquaculture products safe for human consumption, it is
very important to develop an alternative to the use of antibiotics by using living microbial cells as
additives in fish feed, to control pathogens and to ensure improved growth and immunity of the fishes.
Probiotics enhancement of the natural flora in the gut of organisms will enable the natural intestinal
flora to participate in a more war-like activity, and actively produce substances that may inhibit or kill

the pathogens (Sugita et al., 1996).

Types of probiotics

Two types of probiotics are natural and synthetic or commercial probiotics. Probiotic bacteria can be
isolated from the gastrointestinal tract (GIT) of a fish. That is from the intestines, stomach, gill, kidney
and the gonads. They can also be isolated from the internal organs of other animals. After isolation,
depending on requirement, the target ones can then be cultured or multiplied. And these groups
constitute the natural sources. On the other hand, the commercial sources consist of those already
synthesized and are available on the shelf for immediate use. The most frequently used probiotic
bacteria are those from Lactobacillus or Bifidobacterium species. Some of the commercially available

probiotics are listed below.
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Lactobacillus species

Bifidobacterium species

Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus fermentum
Lactobacillus gasseri
Lactobacillus lactis

Bifidobacterium bifidum
Bifidobacterium breve
Bifidobacterium lactis
Bifidobacterium longum
Streptococcus species

Lactobacillus plantarum
Lactobacillus salivarius
Lactobacillus rhamnosus
Lactobacillus johnsonii
Lactobacillus paracasei
Lactobacillus reuteri
Lactobacillus helveticus
Lactobacillus bugaricus

Streptococcus thermophilus

Saccharromyces species
Saccharromyces boulardii

Streptococcus cremoris

Bacterial mixture (Add-B)

Selecttion criteria for probiotics

The purpose of probiotics is maintenance or re-establishment of favourable relationships between
friendly and pathogenic microorganisms that constitute the flora of intestinal or skin mucus of a fish.
Sucessful probiotics are expected to have certain qualities as mentioned below.

Antagonism to pathogens with signs of producing anti-microbial substances like organic acids,
hydrogen peroxide (Ringo and Gatessoupe, 1998) or siderophores (Gram and Mel-Chiorsen, 1996). In
order to have a beneficial effect on the form of growth promotion or to protect fish against bacteria
pathogens, the strains should also have the ability to colonize the fish by adhesion (Olsson et al 1992),
and to produce important substances, like vitamins.

Adhesion is one of the most important selection criteria for probiotic bacteria, because it is
considered a pre-requisite for colonization (Beachey, 1981). Therefore the microorganisms must be
viable for long periods under storage and in field conditions (Fuller 1989), although non-viable
bacteria are able to adhere to tissue culture cells indicating adhesion without viability (Hood et al
1988, Coconier et al 1993).

Probiotic microorganisms must have to be non-pathogenic and non-toxic to avoid undesirable side-
effects when administered to fish. Tests of antagonism, adhesion and challenge tests in vitro are
essential to select among the probiotic species. Challenge experiments where fish treated with friendly
bacteria are subjected to pathogens are also needed (Gatesoupe, 1999).

They must also have the ability to produce vitamins for example, the bacterial strain
Rhodospirillum rubrum produces considerable amount of vitamin B, (Hirayama and Katsuta, 1988).
Vitamin B, is an important vitamin for several functions involved in digestion in fish (Sugita et al.
1991). Besides, many probiotics appear to improve the activity of beneficial bacteria species already

present in the digestive tract of fish.
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Methods of administration of probiotics

Probiotics can be administered orally or as additive in animal feeds or added in water used in culturing
fishes. When orally administered with diet or supplied to rearing water, they could attach themselves
to the surface of gastrointestinal tract and colonize it. Also when added to the rearing water, they can

enter fish gastrointestinal tract and colonize it. They can also be incorporated in live fish feeds.

Mechanism/benefits of probiotics

There are several mechanisms by which probiotics may protect the host from intestinal disorders. In
general, the processes by which bacteria inhibit colonization by other strains is called colonization
resistance. The mechanisms on how probiotic bacteria may protect the host against intestinal diseases
are given as follows. Probiotic bacteria produce a variety of substances that are inhibitory to both
gram-positive and gram-negative bacteria. These inhibitory substances include organic acids, such as
acetic, lactic acids, hydrogen peroxide and bacteriocins. These compounds may reduce not only the
number of viable cells but may also affect bacterial mechanism or toxin production. For instance,
Lactobacillus acidophilus has been used to produce substances between the molecular weights of 200
and 6,200, some of which are sensitive proteases that can inhibit Staphylococcus, Streptococcus,
Escherichia coli and Salmonella species. Lactobacillus rhamnosum strain GG (LGG) produces a
broad spectrum of low molecular weight centimicrobial peptide which is plasmid mediated and has
activity against Staphylococcus, Streptococcus, Escherichia coli, Mycobacterium, Clostridium and

Listeria species. The benefits of probiotics are described interalia.

Blocking of adhesion sites

Competitive inhibition for bacterial adhesion sites on intestinal epithelial layers is a mechanism of
action of probiotics. Consequently some bacteria strains are selected for their ability to adhere to
epithelial cells. Studies have shown that Lactobacillus can prevent adherence of Escherichia coli,

Klebsiella species and Pseudomonas aeruginosa to intestinal cells.

Competition for nutrients

In competing for nutrients, probiotics can out-compete the pathogens by consuming the nutrients that
would otherwise been consumed by pathogenic microorganisms. This mechanism would limit the
existence of the pathogens in the intestinal cells because without nutrients the organisms can not

survive. .

Degradation of toxin receptor

The mechanism by which Saccharomyces boulardii protects animals against Clostriodum difficile
intestinal disease is through degradation of the toxin receptor on the intestinal mucosa. By this process

the toxins does not accumulate on the cells, so there will be no means of pathogenic activities.
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Stimulation of immunity

Stimulation of specific and non-specific immunity may be another mechanism by which probiotics can
protect against intestinal diseases. The underlying mechanisms of immune stimulation are not well
understood but specific cell wall components or cell layers may act as adjuvant and increase humoral

immune response.

Some techniques and parameters used in assessment of probiotic performance

As probiotics are expected to contribute to intestinal microbial balance and assist the body’s naturally
occurring gut flora to reestablish themselves; that is improving the micro-flora of their gastrointestinal
tracts. They are also expected to serve as antagonism to the pathogens among other qualities. There are
techniques usually applied to test for the qualities or potentials of probiotics. Some of these are

described interalia.

Adherence test

Usually in vitro examinations are performed to detect the potential of the probioant to adhere to
intestinal organs of the host as way of colonizing the environment, supplying needed nutrients or for
stability in out-competing the pathogens. A good method for determining the adhesion was described

by Ouwehand et al. (1995).

Non specific immune systems

Total immunoglobulin: This could be determined following the methods of Siwicki and Anderson
(1993). Briefly, the plasma sample will be diluted 100 times with 0.85% NaCl and the Biuret method
will be employed for determining the protein content, the BSA (standard) and other reagents will be
sourced. Or 0.1 ml of each plasma sample will be mixed with an equal volume of 12% solution of
polyethylene glycol (10,000 MW, Sigma) and incubated for 2 h. The supernatant will be diluted 50
times with 0.85% of NaCl and

Protein concentration of the samples will be determined according to the method of Lowry et al.
(1951). The differences between the protein values of the untreated and PEG treated sample
corresponds to the total 1g content and is expressed as mg ml™.

Lysozyme activity: Lysozyme activity in serum may be determined after the method of Demers and
Bayne (1997) based on the lysis of the lysozyme sensitive Gram positive bacterium micrococcus
lysodeikticus (Sigma) as the standard. The standard egg lysozyme and undiluted serum sample (25ul)
will be placed in triplicate into wells of 96-well plate, followed by 175ul of the bacterial suspension.
Thereafter, the change in turbidity will be measured every 30 s for 5 min at 450nm using a microplate
reader (Multiskan). The equivalent unit of activity of the sample as compared to the standard will be
determined using computer application software like Delta SOFT 3; biometalics, NJ, USA) and

-1
expressed as pg ml™~ serum.
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Alternative complement activity: This could be determined according to methods of Yano (1992)
based on the hemolysis of rabbit red blood cells (RaRBC). Briefly, the RaRBC will be washed three
times in ethylene glycol tetraacetic acid-magnesium-gelatin veronal buffer. At first, the 100% lysis
value will be obtained by exposing 100ul of the above RaRBC stock to 3.4-ml distilled water. The
hemolysate will be centrifuged and the optical density (OD) of the supernatant will be determined at
414nm using a spectrophotometer. Following this, the test sera will be diluted (x100), different
volumes ranging from 100 to 250 pl (total volume will be adjusted to 250ul with the buffer) will be
allowed to react with 100ul of RaRBC in small test tubes. This mixture will be incubated at 20°C for
90 min with intermittent mixing, following which 3.15 ml of 0.85% NaCl solution will be added and
the tubes will be centrifuged and the OD of the supernatant will be measured as above. A lysis curve
will be obtained by plotting the percentage of haemolysis against the volume of serum added on a log-
log graph. The volume yielding 50% haemolysis will be used for determining the complement activity
of the sample as follows:

ACHS50 value (units ml™") = 1/k x (reciprocal of the serum dilution) x 0.5.

Where k is the amount of serum (ml) giving 50% lysis and 0.5 is the correction factor since the
assay will be performed on half scale of the original method.

Phagocytosis: Phagocytic activity of leucocytes may be determined according to methods of
Puangkaew et al. (2004). Briefly, a 300-ul volume of the leucocyte suspension in L-15 medium
(Sigma-Aldrich) containing 2x10° cells will be seeded into a chamber slide (Lab-Tek Nalge nunc
International, IL, USA) and incubated at 15°C for 2h after which the non-adherent cells will be
removed. They will be incubated further for 1 h after adding opsonized fluorescent latex beads (2um;
Sigma) to each chamber to maintain the cells to beads ratio of 1:10. The latex beads which must have
been opsonized earlier by incubating 2x10” beads/ml with the serum of very same fish from which the
cell sample originated at 15°C for 1 h. After washing and fixation, the slides will be stained with Diff
Quick solution. The phagocytic activity (PA) will be expressed as the percentage of phagocytic cells
quantified from 300 adherent cells under microscope. The phagocytic index (PI) will be expressed as
the average number of particle beads ingested by each phagocytic cell.

Superoxide anion production: The superoxide anion production (O2°) by the head kidney
leucocytes could be determined based on the reduction of nitroblue tetrazolium (NBT) as described by
Puangkaew et al. (2004). Briefly, 15 pl of 2x10” cell ml" isolated leucocytes will be mixed with an
equal volume of L-15 containing NBT (solution of NBT in L-15 at 1 mg ml") or zymosan solution
(zymosan Sigma) in NBT solution at 5 mg ml-1). After incubation for 1 h, 400 pl of N, N-
dimethyformamide will be added and centrifuged at 3000xg. The optical density of the supernatant
will be measured at 540 nm with a micro plate reader like (Multiskan; Labsystems Oy, Helsinki,

Finland).
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Digestive enzyme analyses

Ampylase assay: Amylase activity may be determined according to methods of Ribeiro et al. (2000).
Briefly, prepared crude enzyme solution (350 pl) will be added to equal volume of 20 mM phosphate
buffer containing 10mM NaCl (pH 6.9) and potato starch (1% w/v in buffer) and incubated at 25°C for
30 min. Disnitrosalicylic acid solution (750ul) containing 30% potassium sodium tatrate (w/v) will be
added and the reducing sugars will be determined by measuring the changes in absorbance at 546nm.
The specific activity will be the difference in the absorbance between the crude enzyme extract and
blank mixtures per 1 mg protein of the crude enzyme extract.

Trypsin assay: Trypsin activity may be determined according to the method of Gaulicka et al.
(2000). Briefly, Prepared crude enzyme solution (200ul) will be added to 800ul of 25mM ammonium
bicarbonate buffer (pH 7.8) containing a substrate, 1| mM BAPNA (N-o- benzoyl-L-arginine p
nitroanilide hydrochloride) and incubated at 25°C for 30 min. The increase in absorbance at 405 nm
will be measured. The specific activity will be difference in the absorbance between the crude enzyme

extract and blank mixtures per 1 mg protein of the crude enzyme extract.

Challenge test

Challenge test is performed to determine the ability of the probiotics to confer immunity to the host
organism when challenged with pathogens. During the test, a bacterium for example, Aeromonas
hydrophila may be introduced into the experimental tanks or injected into the fish muscle previously
fortified with a probioant to monitor the effects on fish mortality, non-specific immune systems of the
fish, histomorphology of the intestines and digestive enzyme activities. The techniques for the

determination of these parameters have been described in the text.

SPECIFIC EFFECTS OF PROBIOTICS ON AQUACULTURE

The use of probiotics in aquaculture is a recent event because of the environmental health problems
associated with the use of antibiotics. Studies have concentrated on the use of probiotics in fish
juveniles, but more attention is now on larvae of fish, shell fish production and on live food organisms.
The overview of literature reports on probiotics as biological agents in aquaculture is compiled in

tabular form by the author and is presented as in Table 1.

Table 1. Effects of probiotics on aquaculture production

Probiotics Application Administration Observations Mode of References
method action

Rhodospirillum Polluted Culture water Improvement Kamal

&Rhodopseudo- et al.

Monas (1990)

Vibrio- Atlantic Reduce Antagonism Austin

alginalyticus salmon diseases et al.
(1995)
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Bacteria strains Turbot Suppress growth Antagonism Olsson
of turbot Scophthalmus of pathogen et al.
maximus Vibrio (1992)
anguillarum
Streptococcus Israeli carp Added to feed Improved Improved Noh et al.
faecium growth and nutritional (1994)
feed efficiency value Bogut
et al.
(1988)
Bacillus spp Channel catfish | Added to rearing | Increased survival Queiroz
water and production and Boyd
(1998)
Lactic acid Rainbow trout | Added to feed Higher Immune Panigrahi et
bacteria (LAB) immunoglobulin stimulation al.
(2004)
Lactobacillus Rainbow trout | Added to feed Elevated lysozyme | Immune Panigrahi et
rhamnosus activity stimulation al.
(2004)
Lactobacillus Halibut larvae | Added to culture Increase in Immune Olafsen
plantarum water survival of Halibut | stimulation (1998)
larvae
Probiotics Application Administration Observations Mode of References
method action
Lactobacillus sp | Turbot larvae Enrichment of Increase in Immune Gatesoupe
rotifers & Artemia | survival of Turbot | stimulation (1994)
larvae
Lactobacillus sp | Pacific oyster Addition to feed Improved in Nutrient Douillet &
(Crassostrea survival & enrichment & Langdon
gigas) larvae production Antagonism (1994)
Vibrio Artemia nauplii | Addition to Increased survival | Immune Gomez
alginalyticus culture water stimulation et al.
(1998)
Bacillus subtilis | Channel catfish | Addition to pond | Increased survival | Immune Queiroz &
water and net stimulation & Boyd
production nutrient (1998)
enrichment
Vibrio Atlantic salmon | Bathing in Increased survival | Immune Austin
alginolyticus bacterial stimulation et al.
suspension (1995)
Fluorescent Atlantic salmon | Bathing in Increased survival | Antagonism Smith &
pseudomonad bacterial Davey
F19/3 suspension (1993)
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Camobacterium | Atlantic salmon | Intestinal mucus Growth inhibition | Antagonism Joborn
Strain K1 & faecal extract of V. anguilarum et al.
& A. salmonicida (1997)
Lactic acid Atlantic cod Addition to diet Increased survival | Antagonism Gildberg &
bacteria (Gadus & inhibition of Mikkelsen
morhua) (Vibro (1998)
anguillarum)
Microbially Turbot & Added to culture Increase in growth | Nutrient Skjermo
matured water Halibut larvae | water rate enrichment et al.
(1997)
Carnobacterium | Atlantic salmon | Added to diets Suppression of Antagonism Robertson
sp Aeromonas et al.
hydrophilia; A. (2000)
salmonicida;
Streptococcus
milleri etc.
Vibrio Penaeus Increased growth | Nutrient Garriques
alginolyticus vannameri & reduction in enrichment & and
larvae diseases antagonism Arevalo
(1995)
Probiotics Application Administration Observations Mode of References
method action
Carnobacterium | Salmonids In vitro Produced Antagonism Joborn
sp (Atlantic inhibitory et al.
salmon and compounds in (1997)
rainbow trout) intestinal mucus
Clostridium Miichthys miiuy | Added to feed Improved growth | Nutrient Song
butyricum performance enrichment et al.
(2006)
Clostridium Miichthys miiuy | Added to feed Significant Immune Song et al.
butyricum improvement in stimulation (2006)
lysozyme serum &
skin mucus
activity
Clostridium Miichthys miiuy | Added to feed Improved total Antagonism Song
butyricum immunoglobulin et al.
(IgM) in serum (2006)
Clostridium Miichthys Added to feed Significant Antagonism Song
butyricum miiuy improvement in et al.
serum acid (2006)
phosphatase
activity
Bacillus subtilis | Leucaena leaf | Innoculated in Significant Nutrient Bairagi
meal leucaena leaf meal | reduction in anti- enrichment et al.
nutritional factors (2004)

(tannin, phytic
acid, mimosine)
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Rohu carp Added to feed Sig. increase in Nutrient Bairagi
Bacillus subtilis | (Labeo rohita) growth enrichment et al.
performance, (2004)
protein
digestibility,
a-amylase activity
Live yeast Leopard Added to feed Enhancement of Nutrient Bacerril
Debaryomyces grouper growth enrichment, et al.
hansenii CBS (Mycteroperca antagonism (2008)
8339 rosacea) & against
Gilthead sea (Amyloodinium
bream (Sparus ocellatum &
aurata) (Aeromonas
hydrophila
Probiotics Administration Observations Mode of References
Application method action
Bacillus subtilis Sea cucumber Added to feed Increased survival, | Nutrient Mai et al.
growth & enrichment, (2008)
intestinal immune
microflora stimulation &
antagonism
against Vibrio
splendidus
Live yeast Red claw Added to feed Increased survival | Nutrient Olvera-
isolated from red | Crayfish & growth rate enrichment & Novoa
claw crayfish gut | (Cherax immune et al.
quadricarinatu stimulation (2008a)
s)
Lactic acid Nile tilapia Added to feed Increased growth | Nutrient Olvera-
bacteria isolated performance at the | enrichment Novoa
from Nile tilapia same level with et al.
intestinal antibiotic (2008b)
microflora (Oxytetracycline)

Source: (Present review)

SUMMARY

The accelerated growth of aquaculture industry has been accompanied by severe outbreaks of diseases

caused by wide range of pathogens (Olvera-Novoa et al. (2008b). Gatlin et al. (2008) reported that

inspite of expansion in the production of hybrid striped bass, Morone chrysops x M. saxatilis in the

United States, that pathogenic organisms such as Streptococcus iniae have resulted in economical

losses of several millions dollars annually. Application of accurate, enough, target and safe dosage of

probiotics could be a saving grace to most of the disease problems in aquaculture. More so, that

probiotics are environmentally friendly and could eliminate the disease resistant problems in the

environment and people associated with the use of antibiotics. Besides, as probiotics can improve the

quality of non-conventional feed ingredients by denaturing their anti-nutritional factors to liberate the
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bound nutrients and make them more digestible, it can be applied in the development of low-cost fish
feeds. Successful application of probiotics in fish larval rearing and development has been reported.
Yufera et al (2003) described that microcapsules including probiotics can be used as a vehicle to
administer specific substances that offer positive responses in larval growth and development. This
may form a break through to massive production of marine fish larvae as very high mortality is usually
recorded at that stage of development. That will also invariably lead to reduction in the cost of marine
fish production.

Also as the probiotic bacteria can be isolated from the GIT of the particular animals concerned, it
could reduce the cost of aquaculture management in terms of animal growth enhancement and disease
preventions. Therefore there is a need for detailed economic study on the use of both natural and

synthetic probiotics as this would help the end users in decision making.

CONCLUSION

Aquaculture is the fastest food growing industry in the world (FAO 2006). In year 2003, the total
world aquaculture production was 54,786,000 tonnes (FAO 2006). FAO (2006) had also predicted that
the sector would supply a total of 80 million tonnes of fish by year 2050 based on the current level of
fish production and consumption. Consequently, the incidence of bacterial and disease infections in
aquaculture systems would increase. Therefore the use of probiotics in aquaculture operations would
also increase. Then, for effective use of probiotics in aquaculture, more researches are needed to
determine and characterize the dosage level, activity and mode of action of probioants that would be in
application. This is because the functionality of probioants is dependent on the proper/accurate dose
application. Further studies should also focus on the determination of specific probiotics that would
have the strongest antagonistic activities on specific pathogenic organisms. This will lead to
characterization and standardization of the probioants and eventually massive commercial production

to make the prices affordable to fish farmers.
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Abstract

As the world’s climate changes, largely due to the spade of industrial “progress” and increase in
human number, the emission of Green House gases into the atmosphere has grave implications on
human security globally, Within this context, ‘third world” countries, including Nigeria are the worst
hit by the immediate impact of climate change, even though they contribute least to the cause of the
problem - emission of Green House gases, in comparison with their counterparts in the global North.
This paper contends that climate change affects human security in Nigeria and attempts a critical
analysis of the roles of both developed and developing countries in contributing to the problem.

The paper submits that for the effects of climate change to be effectively mitigated or managed in
Nigeria and indeed globally, there should be, among other things, a sustained commitment on the part
of the developed economies towards assisting developing countries in tackling the problem; mustering
of political will at both local and international levels to addressing the problem; attitudinal change and
reorientation on the part of the populace towards environmental security and green-friendly initiatives.

MOTIVATION FOR THE PAPER

»  Desire to contribute to efforts towards creating awareness on the effects of climate change on
Human Security.

»  To make a case for developing economies who contribute least to the problem but whom are
most affected by its dire consequences in the immediate term

»  Desire to join numerous other experts in proffering solution to the negative effects of climate
change on Human Security.

» To give some inputs to research and policy framework in the build up to Copenhagen 2009

METHODOLOGY/SOURCE OF DATA

A descriptive Research method was used with frequencies and percentages. It compared, contrasted
and analyzed secondary data drawn from institutions such as the NPC/PRB, UNDP, WMO, NASA,
NBS, UNFAO, the IPCC and other technical reports. A spatial and temporal comparative analysis of
phenomena relating to climate change and its corollary, were carried out to point the direction of the

cause and effect of climate change, and its attendant consequences in Nigeria.
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SAMPLING/SAMPLE FRAME

Such data of cause/effects as provided by authoritative organizations committed to development
programs and the fight against climate change were randomly categorized along the divides of
industrialization —or the global North-South dichotomy. By this, a contrast of cause/effect was
underscored, against the scale of human security- a paradox that raised moral questions and made a

case for the so called ‘third” world.

INTRODUCTION AND BACKGROUND TO THE PROBLEM

From one epoch to another, the human world has been known for one problem or another. In the
1930s, it was the Great Depression and the ascendency of fascist regimes; from the mid 1940s, it was
the Cold War; in the 1950s, racism and Apartheid philosophy occasioned the Civil Right Movement in
the glare of a nuclear threat; the 1960s was characterized by nationalist struggles in most parts of the
‘Third world’ and their attendant consequences of martyrdom ; the 1970s and 80s witnessed in large
proportions, the arms race (though with some relief brought about by the Green Revolution) ; from the
1990s to the dawn of the 21* Century, a dual catastrophes faces humanity- Terrorism and The Global
Financial Meltdown. Yet Climate Change poses a threat that is second to none of these. Climate
Change is indeed the most potent catastrophic challenge that humanity faces in the contemporary
world. The reality of change is evidenced nowhere else than in our climate.

At the twilight of the 20™ century and the dawn of the 21%, we are confronted with the “fierce
urgency” of a crisis that links today and tomorrow. For many years global warming was portrayed in
the media as an issue with two sides, with some scientists arguing that global warming is occurring
and others arguing that it is not. However, this portrayal was an oversimplification of the scientific
debate. In 1988 the United Nations Environment Program (UNEP) and the World Meteorological
Organization (WMO) established the Intergovernmental Panel on Climate Change (IPCC). The panel
comprises thousands of the top climate scientists from around the world and releases a report every six
years describing the state of scientific knowledge on global warming. The IPCC’s Fourth Assessment
Report (2007) offered the strongest scientific consensus to date on global warming. The panel
concluded that it is “very likely” (more than 90 percent probability) that human activities are
responsible for most of the warming since the mid-20th century; that it is “extremely unlikely” (less
than 5 percent probability) that the warming is due to natural variability; and that it is “very likely” the
warming is not due to natural causes alone. While the behavior of the climate system and the
processes that cause global warming are well understood and grounded in basic scientific principles,
scientists are still working to understand certain details of the climate system and its response to
increasing greenhouse gases. Scientific uncertainty is inevitable with a system as complex as Earth’s
climate. However, advancements in measuring, analyzing, and modeling techniques have helped
clarify many uncertainties in recent years. Climate Change may reverse progress made in the last 100

years hence it is now a scientifically established fact.
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Prior to 1800s, average surface temperature of the earth was about 15 degrees centigrade. 100 years
later, it has risen by about 0.7 degrees centigrade. The IPCC, in its 2007 Fourth Assessment Report
predicted a further warming of 2.4 to 6.4 degrees Celsius by the year 2100 given present and future
emissions of GHGs. Today however, most recent studies by Judith Lean of the US Naval Research
Lab, and David Rind, of NASA’s Goddard Institute for Space Studies show that temperatures will
shoot up at 150% of the rate predicted by the UN’s IPCC by 2014 (Daily Trust, 2009:45). The
consequences are manifest around us. Warming temperatures are already causing significant changes
to mountain glaciers around the world, ice sheets in Greenland and the Antarctic, and polar sea ice in
the Arctic. From Europe to Africa to Asia to North America, mountain glaciers have receded over the
20th century, and melting is becoming more rapid. The large-scale melting of ice may accelerate the
pace of global warming in what is known as a feedback process. Because ice reflects sunlight back out
to space, it has a cooling effect. Water and land, which are darker than ice, absorb and retain more
heat. Glaciers on Kilimanjaro-the highest mountain in Africa for instance, are said to have lost 82
percent of their ice since 1912 (the year that Titanic Sank). This trend has dare consequences on
Human Security. “Global warming impacts everyone regardless of national borders”, so says UN
Secretary-General Ban Ki-moon, at the United Nations Climate Change Conference in Bali, Indonesia,

he charged delegates to overcome differences and agree on a road map to tackling the issue.

CONCEPTUALIZATION OF CLIMATE CHANGE

In their article "Global Warming", Mastrandrea, M. and Schneider H. (2008), have defined both
Global Warming and Climate Change as the measurable increases in the average temperature of
Earth’s atmosphere, oceans, and landmasses due to increase in heat-trapping gases called Greenhouse
gases. It is however contended herein that although Climate Change and Global Warming are often
used interchangeably the two terms differ slightly.

Global Warming is the measurable increases in the average temperature of Earth’s atmosphere,
oceans, and landmasses due to increase in heat-trapping gases called Green house gases(GHGs)
including Water vapor, CO2, Methane, Nitrous Oxide, and synthetic chemicals . Global Warming is
unidirectional in that it focuses only on increase.

On the other hand, Climate Change encompasses Global Warming and other reversal changes that
may imply the antithesis of warming, i.e. a cooling world. Climate Change may be seen as a two-tailed
phenomenon. In this context however, we may operationalised the phrase Climate Change to mean
warming of the planet since it is better understood as such. Moreover, it is important to add from the
onset of this paper that GHGs do not represent everything that is negative. But for them, the earth
would have been too cold for existence. Their excess however may be moving the earth to a state of
becoming less inhabitable. Greenhouse gases were part of the Intelligent Design of our planet safe for
the human-induced quantity added to the natural and finite supply. Greenhouse gases occur naturally,
and without them the planet would be too cold to sustain life as we know it. Since the beginning of the

Industrial Revolution in the mid-1700s, however, human activities have added more and more of these
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gases into the atmosphere. For example, levels of carbon dioxide, a powerful greenhouse gas, have
risen by 35 percent since 1750, largely from the burning of fossil fuels such as coal, oil, and natural

gas.

THE CONCEPT OF HUMAN SECURITY

The UNDP Human Development Report (1994) captures the concept of Human Security in
unequivocal terms even though the term had been in circulation earlier. Human Security is a departure
from the traditional concept of a state-centred security, to a people-centered one. The intent of human
security was to bridge the freedom from want and freedom from fear, freedoms that lay at the heart of
the United Nations. The phrase ‘freedom from fear’ is intended to indicate freedom from violence, and
the phrase ‘freedom from want’, freedom from poverty. In the final analysis, human security is a child
who did not die, a disease that did not spread, a job that was not cut, an ethnic tension that did not
explode in violence, a dissident who was not silenced. Human security is not concerned with weapons
— it is a concern with human life and dignity (Alkire, 2003:13).

The report identified the following four essential characteristics of human security:

» Human security is a universal concern. It is relevant to people everywhere, in rich nations and
poor.

»  The components of human security are interdependent.

» Human security is easier to ensure through early prevention than later intervention. It is less
costly to meet these threats upstream than downstream.

» Human security is people-oriented. It is concerned with how people live and breathe in a
society, how freely they exercise their many choices, how much access they have to market and social
opportunities — and whether they live in conflict or in peace (Human Development Report 1994:23)

Human Security is centered on Freedom from fear and — violent conflicts, aggression etc. Freedom
from want — poverty, food insecurity, disease, ignorance etc. According to Anan, (2000), Human
security in its broadest sense, embraces far more than the absence of violent conflict. It encompasses
human rights, good governance, access to education and health care and ensuring that each individual
has opportunities and choices to fulfill his/her potentials. Every step in this direction is also a step
towards reducing poverty, achieving economic growth and preventing conflict. Freedom from want,
freedom from fear and the freedom of future generations to inherit a healthy natural environment —
these are the interrelated building blocks of human — and therefore national security. Human Security
embraces social, political and economic justice, all of which are already being affected by climate
change. All development is ultimately about expanding human potential and enlarging human
freedom. It is about people developing the capabilities that empower them to make choices and to lead
lives that they value. Climate change threatens to erode human freedoms and limit choice. It calls into
question the Enlightenment principle that human progress will make the future look better than the

past. The early warning signs are already visible.
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CAUSES OF CLIMATE CHANGE

The causes of Climate Change may be classified into Natural and Human/Biological

Natural causes (less than 10%):

Massive Volcanic eruptions; gives rise to CO2 and other GHGs

»  Changes in the intensity of energy emitted by the sun; and

»  Milankovitch cycles -Variations in the earth’s position relative to the sun, both in its orbit and
the inclination of its spin axis, combined to produce cyclical changes in the global climate. Added to
this is the period of such change (41,000-year), as well as variations in how far out of round the
Earth’s orbit is. Predictions based on these cycles forecast at least 100,000 years without an ice age in
our future.

Human and biological causes (over 90%):

»  Burning of fossil fuel due to industrialization and rapid population explosion;

»  Deforestation;

»  Excess consumption and poor disposal of organic waste products from such animals as the
ruminants(that chew the cud); and

»  Excess human chemical activities that react with the atmosphere

The UNDP Human Development Report (2008) remarked that Global warming is evidence that we
are overloading the carrying capacity of the earth’s atmosphere. The earth is often said to have six
continents and seven seas but it has only one atmosphere- a thin layer of air that lies directly above the
land and oceans, we depend on this one and only atmosphere for our survival.
Humans are significantly increasing the amount of carbon dioxide released to the atmosphere through
the burning of fossil fuels (such as coal, oil, and natural gas), solid wastes, and wood and wood
products to heat buildings, drive vehicles, and generate electricity. The extreme activities of market
driven economies through their agents-the multinational cooperation, have largely contributed to the
problem we face in climate change today. This they have done in pursuant to material success, often at
the expense of the world’s ‘poor’ and future generations. Such precarious situation raises moral
questions. Soros (2002:31) submits that all other things being equal, international trade benefits all
parties, in practice though, other things are rarely equal. In particular, the gainers from international
trade rarely compensate the losers. This is a time that calls for responsibility beyond nationalism. In a
globalized world, human security ought to be viewed through the lens of Collective Security and a
universal moral code. Soros (2002: 163) notes sadly that we have been so put off by the perversion of
morality that we are trying to do without morality. He added that we have gone wrong, as according to
him, no society can exist without morality. (Soros 2002: 164). He contends that the distinguishing
feature of both market fundamentalism and geopolitical realism is that they are amoral. The attendant
consequences of climate change put us at the risk of loosing the gains of a century and possibly
reversing human progress. This confirms Fisher (1936) that progress is not a law of nature, the
grounds gained by one generation may be lost by the next. Climate change brings us close to this point

until something urgent is done. The other side of the coin is the surge in human number as seen in the
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developing countries. At the same time, the number of trees available to absorb carbon dioxide
through photosynthesis has been greatly reduced by deforestation. The 1992 United Nations
Conference on Environment and Development, held in Rio de Janeiro, Brazil, was unique in uniting
the countries of the world through global conventions on biodiversity and climate change. Above all, a
plan of action for promoting, environmentally sustainable development, known as “Agenda 2 1 was
adopted. Agenda 2 1, designed for implementation during the last decade of the 20th century and the
first decade of the twenty-first century, is a blueprint for economic development without
environmental destruction. The growing number of ethnic and economic conflicts indicates that
development, even if environmentally insensitive, will not be socially sustainable if it ignores equity.
In other words, a better common present is essential for a better common future. This fact raises moral

questions on the major industrial nations who are principally responsible for climate change.

CULPABILITY OF DEVELOPED VERSUS DEVELOPING COUNTRIES

Studies have established a relationship between Climate Change and the beginning of the Industrial
Revolution. Before the Industrial Revolution began in the mid-1700s, there were about 280 molecules
of carbon dioxide per million molecules of air (abbreviated as parts per million, or ppm. By 2007 it
has gone up to 379ppm (IPCC, 2007). This is in addition to methane which is emitted into the
atmosphere during the mining of coal and the production and transport of natural gas and oil. Methane
also comes from rotting organic matter in landfills, rice paddies, and wetlands, as well as from animals
that chew the cud, especially cows, as a byproduct of digestion. Live plants also emit small amounts of
methane. Since the beginning of the Industrial Revolution, the amount of methane in the atmosphere
has more than doubled. Methane traps nearly 30 times more heat than the same amount of carbon
dioxide. Compared to carbon dioxide, methane appears in lower concentrations in the atmosphere and
remains in the atmosphere for a shorter time. In total, methane contributes about a third as much as
carbon dioxide to global warming.

To stabilize atmospheric concentrations of carbon dioxide, global emissions would need to be cut
significantly—on the order of 70 to 80 percent. If efforts are not made to reduce greenhouse gas
emissions, carbon dioxide is projected to reach concentrations more than double or even triple the
level prior to the Industrial Revolution by 2100. In a higher-emissions scenario carbon dioxide is
projected to reach 970 ppm by 2100, more than tripling preindustrial concentrations. In a lower-
emissions scenario, carbon dioxide is projected to reach 540 ppm by 2100, still almost doubling
preindustrial concentrations (IPCC, 2007). The same source cautioned that even if greenhouse gas
concentrations in the atmosphere ceases growing, the climate would continue to warm for an extended
period as a result of past emissions, and with more dramatic effects than were observed during the
20th century. If greenhouse gas emissions continue to increase, scientists project severe climate
changes.

In October 2007 a study published in the Proceedings of the National Academy of Sciences warned

that climate models used to project future global warming may have been overly optimistic. The study
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found that atmospheric carbon dioxide levels had increased 35 percent from 1990 to 2006, a rate of
increase far higher than most climate models had assumed. The researchers reported that the average
rate of growth in carbon dioxide levels was 1.3 percent during the period from 1990 to 1999, but 3.3
percent from 2000 to 2006. In 2000 an estimated 7 billion metric tons of carbon were released into the
atmosphere from burning fossil fuels; by 2006 that number had grown to 8.4 billion metric tons,
according to the study. Scientists pointed to the unexpectedly rapid melting of sea ice in the Arctic
Ocean during the summer of 2007 as evidence that climate models were failing to predict how quickly
the climate was changing. In terms of contribution to emission of GHGs, which is the major cause of
Global Warming, developed countries of the North are fingered as the principal culprits, compared to
developing countries of the south. Mingst, (2004:289) noted the Per capita emission of CO2 (the major
GHGQG) in thousands of metric tons as at 1998 shows:

»  developed countries — 10.8

»  Developing countries — 1.9

Current statistics shows that this gap has widened due to rapid growth of industrialization.

»  Africa which accounts for 14% of the world population is only responsible for 3.5% of the
most serious global climate changing gases.

The area covered by sea ice during summer has declined by 15 to 20 percent in the last 30 years,
and is projected to disappear almost completely late in the 21st century (NASA 2008). Many species,
including polar bears, seals, and walrus, depend on sea ice for their survival. The rapid loss of Alaskan
glaciers represents almost half of the total loss of ice in glaciers worldwide, and makes a significant
contribution to observed sea level rise. Melting of the Greenland ice sheet, which could raise sea level
by 7 m (23 ft) if it melted completely, is also accelerating. The area that is experiencing at least some
melting increased by 16 percent from 1979 to 2002, and scientists estimate that warming of more than
a few degrees Celsius could cause widespread and possibly unstoppable melting, leading to significant
sea level rise.

As the atmosphere warms, the surface layer of the ocean warms as well, expanding in volume and
thus raising sea level. The melting of glaciers and ice sheets, especially around Greenland, further
swells the sea. Sea level rose 10 to 25 cm (4 to 10 in) during the 20th century. (The range is due to
measurement uncertainties and regional variation.) By the end of the 21st century, sea level is
projected to rise another 28 to 58 cm (11 to 23 in) if greenhouse gas emissions continue to increase
significantly. The projection is somewhat less—a rise of 19 to 37 cm (8 to 15 in)—for a scenario in
which greenhouse gas emissions peak around the year 2050 and then decrease. These projections do
not incorporate possible large-scale melting of the Greenland or Antarctic ice sheets, which could
begin in the 21st century with warming of a few degrees Celsius. Rising sea level will complicate life
in many island and coastal regions. Storm surges, in which winds locally pile up water and raise the
sea, will become more frequent and damaging. Erosion of cliffs, beaches, and dunes will increase. As

the sea invades the mouths of rivers, flooding from runoff will also increase upstream.
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Plants and animals will find it difficult to escape from or adjust to the effects of global warming.
Scientists have already observed shifts in the lifecycles of many plants and animals, such as flowers
blooming earlier and birds hatching earlier in the spring. Many species have begun shifting where they
live or their annual migration patterns due to warmer temperatures. With further warming, animals
will tend to migrate toward the poles and up mountainsides toward higher elevations. Plants will also
attempt to shift their ranges, seeking new areas as old habitats grow too warm. This point underscore
the threat to food security in the regions of the tropics(including Africa and Nigeria in particular) In
many places, however, human development will prevent these shifts. Species that find cities or
farmland blocking their way north or south may become extinct. Species living in unique ecosystems,
such as those found in polar and mountaintop regions are especially at risk because migration to new
habitats is not possible. For example, polar bears and marine mammals in the Arctic are already
threatened by dwindling sea ice but have nowhere farther north to go. In a warmer world, experts
predict that more people will get sick or die from heat stress, due not only to hotter days but more
importantly to warmer nights (giving the sufferers less relief). More frequent and intense heat waves
will further contribute to this trend. At the same time, there will be some decreases in the number of
cold-related deaths. Diseases such as malaria, now found in the tropics and transmitted by mosquitoes
and other animal hosts, are projected to widen their range as these animal hosts move into regions
formerly too cold for them. Other tropical diseases such as yellow fever, and encephalitis may increase
their spread. Scientists also project rising incidence of allergies and respiratory diseases as warmer air
grows more charged with pollutants, mold spores, and pollens. Responding to the challenge of
controlling global warming will require fundamental changes in energy production, transportation,
industry, government policies, and development strategies around the world. These changes take time.
The challenge today is managing the impacts that cannot be avoided while taking steps to prevent
more severe impacts in the future.

Responding to the challenge of controlling Climate change will require fundamental changes in
energy production, transportation, industry, government policies, and development strategies around
the world. These changes take time. The challenge today is managing the impacts that cannot be
avoided while taking steps to prevent more severe impacts in the future.

Reducing emissions of greenhouse gases, also called greenhouse gas mitigation, is a necessary
strategy for controlling global warming. There are two major approaches to slowing the buildup of
greenhouse gases. One is to reduce the consumption of fossil fuels, thereby reducing greenhouse gas
emissions. The other is to keep carbon dioxide out of the atmosphere by storing the gas or its carbon
component somewhere else, a strategy known as carbon sequestration or carbon capture.

One way to keep carbon dioxide emissions from reaching the atmosphere is to preserve and plant
more trees. Trees, especially young and fast-growing ones, soak up a great deal of carbon dioxide
from the atmosphere and store carbon atoms in new wood. Worldwide, forests are being cleared at an
alarming rate, particularly in the tropics. In many areas, there is little re-growth as land loses fertility

or is changed to other uses, such as farming or housing developments. In addition, when trees are
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burned to clear land, they release stored carbon back into the atmosphere as carbon dioxide. Slowing
the rate of deforestation and planting new trees can help counteract the buildup of greenhouse gases.
The total worldwide consumption of fossil fuels is increasing by several percent per year. However,
energy use around the world is slowly shifting away from fuels that release a great deal of carbon
dioxide toward fuels that release somewhat less of these heat-trapping gases. Wood was the first major
source of energy used by humans. With the advent of the Industrial Revolution in the mid-1700s, coal
became the dominant energy source. By the mid-1800s oil had replaced coal in dominance, fueling the
internal combustion engines that were eventually used in automobiles. By the 1900s, natural gas began
to be used worldwide for heating and lighting. In this progression, combustion of natural gas releases
less carbon dioxide than oil, which in turn releases less of the gas than do either coal or wood.
Significant reductions in carbon dioxide emissions can only be achieved by switching away from
fossil-fuel energy sources. Nuclear power plants release no carbon dioxide at all, but nuclear energy is
controversial for reasons of safety, security, and the high costs of nuclear waste management. Solar
power, wind power, and hydrogen fuel cells also emit no greenhouse gases. These energy sources can
be practical, low-pollution alternatives to fossil fuels. Other alternatives include fuels made from
plants, such as biodiesel (made from used and new vegetable oil) and ethanol (a plant-based gasoline

additive). Use of these fuels can help reduce total carbon dioxide emissions from automobiles.

THE INCIDENCE/CAUSE-EFFECT OF CLIMATE CHANGE IN NIGERITA

Nigeria is particularly vulnerable to the effects of climate change for the following reasons:

» Its high dependence on climate-sensitive resources both as source of energy and foreign
exchange earner.

e The primary activity in Nigeria that adds to climate change is the release of harmful
substances into the atmosphere from the oil and gas extraction sector, mainly from gas flaring
throughout the Niger Delta and off shore.

e The secondary activity is the cutting of trees, the loss of forests from logging and the use of
trees as firewood and for wood product. It has been reported that Nigeria destroys close to 600,000
hectares of her forests annually in feeding these industries.

» Rapid Population Explosion: The Population Reference Bureau says world’s population is
now 6.7 billion people and is projected to reach 8 billion by the year 2025. The world’s population
grows by more than 90million each year (Green, 1992). Each of these people needs a portion of the
earth’s resources for food, shelter, energy, and water. In just 33years, by 2025, human numbers may
be 50% more than they are today- the largest population growth ever seen in so short a time. By the
end of this decade, more than half of the developing countries may be unable to feed their populations
from their own lands. Nearly half of the world’s people will lack sufficient fuel wood. Within two
decades few large stands of tropical forest will remain. Within two decades carbon dioxide emissions

from energy use in developing countries could triple. Within about four decades readily accessible
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supplies of oil will be exhausted. Global warming could raise the oceans by one meter, flooding coasts
and displacing millions.

The signs of environmental stress grow as the world’s population increases: worn-out farmlands,
eroded hillsides, polluted water, parched grasslands, smoke-laden air, depleted ozone, and treeless
ranges. Each year about 17 million hectares of tropical forest vanishes- an area the size of Tunisia or
Uruguay. Fish catches are leveling off. Cities are clogged with refuse, thereby making water and air,
instead of sustaining life, to cause diseases (Hinrichsen & Robey, 1997). This has implication on
carbon and other greenhouse gas emissions. This is a reminder of the Malthusian hypothesis. At the
instance of the International Conference on Population and Development (ICPD) in Cairo
Swaminathan (1994:2) cited Malthus in his “Essay on the Principle of Population as It Affects the
Future Improvement of Society”( 1798) that Food and safe drinking water are first among the
hierarchical needs of human beings. One wonders if Malthus thought of the need for clean air as first
in the hierarchical ladder to both water and food. Yet we know today that a rapid growing population
has implication on per capita emission of GHG. Ultimately though, the inadequacies of air food and
water could undermine human and therefore national security. The UNFAO in 2008 submitted that a
third of the worlds people (over two billion persons) fall short of food security. Yet the indices of
Human Security and the Human Development Index begin with food in the midst of other things. The
current population size of Nigeria (over 140Million) is not as alarming as its growth rate which stands
at almost 4%P.A, giving a doubling period of less than 24 years. More than 200 years ago Malthus
raised the question: “How many people can the world carry?” Today, we are compelled to
contextualize that question in Nigeria and indeed Africa as a whole. Similarly, Gandhi had coined a
dictum over 60 years ago, he was said to have asked: “..How many planets will be required if India
were to follow Britain’s pattern of industrialization?” Only recently the UNDP Human Development
Report (2008) gave a posthumous answer and much more, to the question; it estimates that nine times
our planet will be required if all people were to consume/emits as high as does Western Europe and
the U.S. The connection between population growth and the environment has been established in
many studies.

Each additional person adds an increment to the demand on the environment, making the situation
a little worse. Each person’s demand is multiplied to varying degrees by the person’s affluence and by
the environmental impact of technologies involved in production and consumption. The high
population density of large cities, resulting partly from high birthrates, overwhelms energy demands
(carbon foot print) sanitation, and waste disposal systems. Describing the unsustainable patterns of
production and consumption, Green (1992) wondered if we were not Stealing from our children.
People have long worried that nonrenewable resource such as oil will run out. Today a new concern
has arisen: renewable resources-clean air and water, forest, and soil, for example- are threatened by
overuse and population. Their capacity to renew themselves can be damaged irrevocably. The next
decade is crucial. Action must be taken now on both environmental and population-related problems.

If current trends continue, it could take decades, even centuries, to restore lost forest, depleted topsoil,
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and polluted waterways and to return to today’s climate. Some damages, such as groundwater
pollution and the extinction of species, further depletion of the Ozone Layer is irreversible in this
decade. Green observed that population policies will determine whether world population stops
growing at less than 9 billion or pass 19billion by 2100. He added that urgently needed actions
including resource and energy conservation, pollution control, farsighted economic and social policy
reforms, protection of high-risk areas, and support for family planning programs ought to be taken. As
the world’s population and per capita consumption grows however, the human race is using resources
and generating waste faster and faster. Thus we are now beginning to see nature’s limits. Pollution of
the air and water, destruction of forests, and loss of fertile soil are becoming critical problems, with
serious consequences for health, food production, productivity, and perhaps even the ability of the
earth to support life. When used by so many people, the technologies that have raised living standards
which have began to threaten even life itself.

»  The concept of Ecological Interdependence Ecological interdependence Climate change is
different from other problems facing humanity—and it challenges us to think differently at many
levels. Above all, it challenges us to think about what it means to live as part of an ecologically
interdependent human community. Ecological interdependence is not an abstract concept. We live
today in a world that is divided at many levels. People are separated by vast gulfs in wealth and
opportunity. In many regions, rival nationalisms are a source of conflict. All too oft en, religious,
cultural and ethnic identities are treated as sources of division and difference from others. In the face
of all these differences, climate change provides a potent reminder of the one thing that we share in
common. It is called planet Earth. All nations and all people share the same atmosphere. And we only
have one habitable earth. Global warming is evidence that we are overloading the carrying capacity of
the Earth’s atmosphere Plants and animals and their various species; peoples of various races and
nation-states with our regional peculiarities and resource-advantages makes us share the same planet
with its various endowments which have temporal and spatial differences. But the consequences of our
activities affect the earth as an entity. This presupposes that when people in an American city turn on
their air conditioning or people in Europe drive their cars, their actions have consequences to rural
communities in Bangladesh, farmers in Ethiopia and slum dwellers in Lagos. Whereas the world has
six continents and seven oceans, it has only one atmosphere. Added to this is the natural tendency of
gases to diffuse beyond state sovereignties. All these are pointers to the vulnerability of Nigeria and
other developing countries to climate change even if their own carbon footprint is not yet
consequential.

» Worse still, is the economic shock that may befall the nation in years to come as the
industrialized economies shift away from fossil fuel to cut down carbon emissions. A precarious
economic climate looms if the nation does not diversify its monolithic oil-dependent economy. This
too will undermine human security in a number of ways. Climate change presents significant threats to
the attainment of the UN Millennium Development Goals, especially those related to eliminating

poverty/hunger and promoting environmental sustainability. The impact of Climate Change includes
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floods, landslides, drought and famine among other problems. As weather becomes fiercer and storms
increase in frequency and intensity, serious socio-economic consequences result. Malnutrition and
disease become common occurrences. Climate Change has a cumulative effect on natural resources
and the balance of nature. Its effects are already visible in Nigeria. It paints a gloomy picture. Among
the effects of Climate Change on Human Security, are the following:

e Impact on agriculture — crop failures leading to food insecurity;

e Impact on human health — spread of diseases such as malaria, cancer, respiratory disorders,
sleeping sickness, and other related (parasitic diseases) are now common in various parts of the
country. Climate Change causes higher temperatures and humidity, a thriving situation to pests and
diseases especially within the tropics.

e Impact on the environment — environmental insecurity (floods, submergence of coastal
settlements on one hand and acute draught/desertification in the northern fringes of the country, on the

other). All of these have dire consequences on human security.

THE MORAL QUESTIONS AND THE PARADOX OF CAUSE/EFFECT

The world is moving towards sound moral codes, paradigms are shifting towards a more collective
response to global challenges. The time is long overdue for the industrialized nations to begin to
redeem pledges made at international conferences where conventions were drawn. Nations who owe
from the average global carbon footprint must begin to think of the cost, on those other citizens of the
globe, for whom such carbon balance was meant. Commitments in proportion to carbon footprint of
nations, may point the world to a more just and workable approach in fighting the scourge. In a
globalized world, human security ought to be viewed through the lens of Collective Security. We must
admit that every extravagant living in the wealthy nations have dire consequences on the world’s poor
and future generations. The world’s poor will suffer the earliest and most damaging impacts. Rich
nations and their citizens’ account for the overwhelming bulk of the greenhouse gases locked in the
Earth’s atmosphere. But, poor countries and their citizens will pay the highest price for climate
change. The inverse relationship between responsibility for climate change and vulnerability to its
impacts leaves much to be desired.

How the world deals with climate change today will have a direct bearing on the human
development prospects of a large section of humanity. Failure will consign the poorest 40 percent of
the world’s population—some 2.6 billion people—to a future of diminished opportunity. It will further
worsen problems of inequalities between and within nations. And it will undermine efforts to building
a more inclusive pattern of democracies and globalization, reinforcing the vast disparities between the
‘haves’ and the ‘have nots’. Although it is the world’s poor who are bearing the brunt of climate
change today. Tomorrow, it will be humanity as a whole that faces the risks that come with global
warming. As stated earlier, human security cannot be exhaustive without food security. To ensure
food security, an adequate diet must include not only calories but the full range of nutrients that

humans need. Of particular importance is protein, which is essential for muscles, bones, the antibodies
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that prevent infection, and the many enzymes that regulate all of the body’s systems. Grains, beans,
and seeds are common sources of protein in developing countries, while meat, milk, cheese, and eggs
are more likely to be consumed in industrialized countries, and by the elites in developing countries.
The demand for these products is high, despite the inefficient use of land required to produce them.

To ensure food security in times of low crop yields, natural disasters, or famine, nations must use
stored foods. Global cereal reserves, also known as world carryover stocks, are an indicator of world
food security. Grain stores reached a historic high in 1988, sufficient to feed the world for 100 days.
By the beginning of the 21st century, however, stores had dropped to their lowest level in 20 years.
The decrease in grain stores resulted from cutbacks in grain production in Europe and the United
States, lower yields due to regional weather problems, and soil erosion resulting from poor farming
practices. As yields have decreased, many countries have dipped deeper into carryover stocks to feed
their growing populations. People in different regions of the world have vastly different food supplies
and nutritional states. Much of this difference is caused by poverty, the availability and condition of
natural resources for food production, corruption, the political system, and national economic
policies—including international trade arrangements which also affect the number of people suffering
from under nutrition in each region. Furthermore, a variety of historical and contemporary forces
prevent many African countries from attaining food security. The slave trade, for example, which
lasted from the 15th century to the early 19th century, profoundly disrupted many African societies.
Also, the political, economic, and social domination, or colonization, by other countries significantly
altered traditional agricultural systems throughout Africa. Colonialists replaced the most fertile
peasant farms with plantations designed to provide sugar, coffee, cocoa, tea, peanuts, rubber, cotton,
and other commodities for export to their own countries. The rich farmlands of Ghana, for example,
once the site of abundant yam production, were transformed into cocoa plantations. (Rodney 2008)
Africa still has European-owned plantations and farms, where a variety of products are grown for
export. When plantations were established, many peasant farmers were displaced to farmlands where
poor soil or steep terrain made survival by traditional farming methods difficult to achieve. More
worrisome is the protection measures through subsidies on agricultural commodities as practiced by
the industrialized nations. This is the major killer of agriculture and food security in the developing
countries African leaders who replaced the colonial administrations did not always institute necessary
reforms, further hobbling the ability of their countries to achieve food security.

Today, these forces, combined with inefficient agricultural techniques, droughts, and civil wars,
make food supply very precarious in Africa, the only continent where food production has not kept
pace with population. The number of chronically undernourished people in sub-Saharan Africa more
than doubled between 1970 and 1990. By the beginning of the 21st century, 25 African countries,
including Eritrea, Ethiopia, Democratic Republic of Congo, and Zimbabwe, had acute food shortages
requiring emergency assistance. The Consultative Group on International Agricultural Research

(CGIAR 2008).
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Climatic catastrophes displace populations and can indirectly lead to conflict and civil unrest
Adekanye, (2008: 71) posits that all the conflict cases in Africa past and present stemmed essentially
from stresses of environmental cum demographic insecurity have become accentuated since the mid-
1980s and the pressures from the regimes of debt and adjustment, and the result has been to intensify
human insecurity within and across state boundaries everywhere, fuel inter group conflicts and wars,
and produce massive refugee movements. The deterioration of land as the natural resource base
resulting from these problems, coupled with demographic pressure and chronic poverty, has meant
that the little available arable land has become subject to intense disputes and life-and-death struggles
(Ibid 2008: 70) This underscores a point that connects scarcity to conflict or better still, that
establishes the concept of envirommental resource scarcity. Yet it is all too certain that conflict
produces scarcity in no less way than scarcity leads to further conflict. The fragile public health
infrastructure erodes if resources are diverted to disaster recovery and conflict management.
Communities and government are burdened with clean-up costs, emergency response, repairs, and
support to displaced and unemployed communities. Nigerians already suffer from nutritional
imbalances. Climate Change will further aggravate the situation if serious actions are not taken. As
well, the location of some diseases caused by pests, such as malaria (mosquitoes) and sleeping
sickness (tsetse fly), will shift with the patterns of rainfall and temperature, especially where flooding
is a problem. Studies have shown that Malaria and cholera increase with flooding and higher
temperatures, cerebrospinal meningitis is linked to higher temperatures and low humidity.) Skin
cancer, from direct ultra-violet radiation, could become more common, as could increase incidences of
heatstroke and heart and lung disorders.

It is herein submitted that the Nigerian state and indeed the international community must rise to
the occasion. Land reforms are crucial for mechanized and sustainable farming practices. Widespread
poverty induces heavy and total dependence on the immediate environment for livelihoods. Lack of
information (awareness) and knowledge (education) about Climate Change also means that many
Nigerians are reluctant, or skeptical to accepting the reality of Climate Change. Moreover, there is a
lack of public policy, weak political will and ill commitment to promoting Climate Change adaptation
strategies in this country. There is a dearth of data to guide public policies that target adaptation, and
those that do exist are inadequate or deviate from best practices. Certainly, a lack of dedicated research
institutions makes it difficult to study comprehensively, the growing negative effects of Climate
Change in Nigeria. The health impacts of Climate Change on the Nigerian population will be far
ranging. Water resources will be extremely vulnerable. It is certain that water quality will suffer, as
will the human and animal populations that depend on them. Human health will be vulnerable when
food production, livestock, agriculture, etc. are all affected as a result. It is obvious that Climate
Change will have a significant effect on all aspects of Nigerian society, affecting each and every
socioeconomic sector. This will, in the long run translate into the antithesis of human security. Health
sciences and related disciplines must provide new and better methods for studying the relationship of

population health to natural Climate Changes and to human-induced Climate Change (i.e. pollution).
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Yet the present level of research and knowledge on Climate Change in Nigeria has hardly began,
neither has efforts of adaptation.

We know the danger. We know it is growing with every day of inaction. In reality, the world is a
heterogeneous place: people have unequal incomes and wealth and climate change will affect regions
very differently. This should be the basis for immediate action. Climate change is already starting to
affect some of the poorest and most vulnerable communities around the world. A worldwide average
3° centigrade increase (compared to preindustrial temperatures) over the coming decades would result
in a range of localized increases that could reach twice as high in some locations. The effect that
increased droughts, extreme weather events, tropical storms and sea level rises will have on large parts
of Africa, on many small island states and coastal zones will be inflicted in our lifetimes. In terms of
aggregate world GDP, these short term effects may not be large. But for some of the world’s poorest
people, the consequences could be apocalyptic. In the long run climate change is a massive threat to
human development and in some places it is already undermining the international community’s
efforts to reduce extreme poverty and the attainment of the MDGs in 2015. The UNDP (2008) in its
Human Development Report remarked that what we do today about climate change has consequences
that will last a century or more. It adds that the part of that change that is due to greenhouse gas
emissions is not reversible in the foreseeable future. The heat trapping gases we send into the
atmosphere in 2008 will stay there until 2108 and beyond. (Ibid) We are therefore making choices
today that will affect our own lives, but even more so, the lives of our children and their children. This

makes climate change different and more difficult than other policy challenges.

RECOMMENDATION FOR DEVELOPED/INDUSTRIALIZED COUNTRIES

v" Respect and Immediately implement treaties of deep emission cuts in the Kyoto Protocol and
its successor treaty later in Copenhagen;

v' Extreme consumers/emitters should be conscious of other members of our planet and
extravagance be avoided.

v' Meet their aid commitments to attaining the MDGs;

v' Provide additional aid for adaptation/mitigation measures in the developing countries with
special focus on genetic research aimed at developing draught/heat resistant plants and animals for the
avoidance of extinction and tropical drifts. By the same token, existing research institutes like the
IITA should be well funded in order to consolidate on the gains of the past within the sub-region.

v" Share and transfer existing technology and new adaptation measures with the developing
world;

v Create an enabling environment for poor countries to limit their emissions while safeguarding
their rights to development; and

v" Support developing economies in policies aimed at reducing rapid population growth,

enhancing good governance and fighting corruption.
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RECOMMENDATION FOR EMERGING/DEVELOPING ECONOMIES

v' Ensure rights to land, water, energy and livelihood for the poorest people in sustainable
manner;

v" Formulate and implement to the later, sustainable population policies to slow down population
growth rate and buy time for economic growth;

v Integrate climate change initiatives with early warning systems into national MDGs to ensure
sustainable development;

v' Explore/Prioritize renewable energy sources while being conscious of comparative
advantages;

v Increase the vegetal cover of territorial land by deliberate reforestation;

v Diversify national economies with less dependence on fossil fuel and

v' Include emerging economies such as China, India, and the Republic of South Africa (in

subsequent (GHG) emission cuts at the expiration of the Kyoto Protocol in 2012.
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“WHAT ROLE CAN BIOTECHNOLOGY PLAY IN MITIGATING THE ADVERSE
EFFECTS OF CLIMATE CHANGE ON CROP PRODUCTION?”
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Abstract

Domesticated plants are known as crops. They are cultivated to meet the diverse needs of man for
food, clothing, shelter, aesthetics, landscaping, horticultural therapy, human health and raw materials
to feed different kinds of industries. Crop growth and yield depend on complex interactions between
the crop and the several factors and conditions in the environment whether in the air (atmospheric) or
below the ground (edaphic). Climate plays a significant role in crop production and survival.
Elements of climate like rainfall, temperature, intensity and duration of sunshine, wind, atmospheric
humidity required by crops must be available in sufficient quantities. They determine having a bumper
harvest or total crop failure. These climatic variables also determine the preponderance or otherwise of
biotic variables like pests and diseases. A change of climate triggers on a lot of ripples that affect and
threaten the survival and productivity of crops. Biotechnology or genetic engineering has been
employed to augment the efforts of the plant breeder in the development of crops for high yield in
terms of quality and quantity as well as in optimum performance even in adverse production
environments. The significant roles which Biotechnology has played in addressing the menace of
global warming on crop production are fully discussed with pertinent examples.

Keywords: Climate change, global warming, crop production, biotechnology, plant breeding,

INTRODUCTION

There are some 350,000 known species of plants in the world but relatively few of these have been
used for food by people (Ezedinma, 1999). Although cultivated plants are known as crops, the
classification is unsatisfactory because some plants which may occur wild in some areas may be
cultivated in other areas. Furthermore, many plants which occur in the wild are still harvested for food
or for other uses, especially for medicinal purposes. Those plants which have been identified,
domesticated and cultivated are usually known as crops. Cultivated plants (crops) have been
classified in many ways using criteria like duration of growth ( annuals, biennials and perennials), use
of the crop( food, feed, cash, industrial) , mode of production(field, forage, horticultural , plantation),
geographical location( temperate, tropical, sub tropical, Mediterranean etc.). Classification criteria are
so many that a stage is reached when there is a pronounced overlap between members of a group.
These groups describe the desirability of crop plants among the human race. Crop production is
carried to meet human diverse needs for food (including soil conservation), clothing, shelter,
aesthetics, landscaping, horticultural therapy, human health, raw materials to feed different kinds of
industries (Ferrini, 2003).

Crop growth and yield depend on complex interactions between the crop and the several factors
and conditions in the environment (biotic and abiotic) whether in the air (atmospheric) or below the

ground (edaphic).
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Soil depth and structure, soil moisture, soil air, soil slope and stoniness, soil reaction (pH),
atmospheric and soil temperature, intensity and duration of sunshine, wind, rainfall and atmospheric
humidity have a domineering influence on crop performance.

Limiting factors and concepts in crop production:

Yield is a product of the genetic constitution of the crop and the environment. The environment
influences the expression of the genotype. Many environmental factors limit crop growth and yield.
Some of these (weeds; pests e.g. insects, rodents, birds; diseases e.g. fungi, bacteria, viruses,
nematodes) directly reduce yield irrespective of the potential yield level in a given environment.
Others (soil, nutrients, stand or population density, spacing, leaf orientation) may add or subtract from
the yielding ability of a crop in any environment. Most agronomic practices are aimed at balancing

these variable factors to achieve optimum yields.

CLIMATE

Climate encompasses the temperatures, humidity, atmospheric pressure, winds, rainfall, atmospheric
particle count and numerous other meteorological elements in a given region over long periods of
time, as opposed to the term weather, which refers to current activity of these same elements. The
climate of a location is affected by its latitude, terrain, altitude, persistent ice or snow cover, as well as
nearby oceans and their currents. Climates can be classified using parameters such as temperature and
rainfall to define specific climate types. The most commonly used classification scheme is the one
originally developed by Wladimir K&ppen. The Thornthwaite system in use since 1948 incorporates
evapotranspiration in addition to temperature and precipitation information and is used in studying
animal species diversity and potential impacts of climate changes. The Kppen classification includes
climate regimes such as rain forest, monsoon, tropical savanna, humid subtropical, humid continental,
oceanic climate, Mediterranean climate, steppe, subarctic climate, tundra, polar ice cap, and
desert(Wikipedia, 2009; free encyclopedia) .Climate is a cardinal factor in crop production. They

determine having a bumper harvest or total crop failure.

Climate change

Climate change refers to the variation in the Earth's global climate or in regional climates over time. It
describes changes in the variability or average state of the atmosphere over time scales ranging from
decades to millions of years. These changes can be caused by processes internal to the Earth, external
forces (e.g. variations in sunlight intensity) or, more recently, human activities (Wikipedia, 2009). In
recent usage, especially in the context of environmental policy, the term "climate change" often refers
only to changes in modern climate, including the rise in average surface temperature known as global
warming.

Carbon dioxide CO2 and other green house gases have been implicated by scientists for climatic
change / global warming (Arrhenius, 1896, Mathew, 2008). Green house gases are trace gases in the

atmosphere which maintain the Earth’s temperature at the average level that we have today. The most
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important ones that may be influenced directly by human activity are carbon dioxide, methane, nitrous
oxide, and the CFC’s- chlorinated fluorocarbons such as Freon (Mathew, 2008; Omowole, 2008). All
these constituents are distributed in the atmosphere from the surface to high altitudes. The Inter-
governmental Panel on Climatic Change (IPCC, 2007) has reported a warming of approximately
0.77°C over most of the African region during the 20" century(Badejo et al. 2009) . The warming
occurred at the at the rate of about 0.05° per decade and a temperature rise of about 0.1° per decade is
expected for the next two decades , even if greenhouse gases and aerosol concentrations are kept at
year 2000 levels (Osman —Elasha, 2009). The second assessment report of studies conducted by
IPCC established a positive correlation between increase in temperature and the concentration of
greenhouse gases in the atmosphere and that human activity greatly increases the amount of these
greenhouse gases.

Results of a new study released by scientists of the Consultative Group on International
Agricultural Research showed that climate change threatens wild relatives of key crops. Wild relatives
of crops such as potato, cowpea and groundnut are at risk of extinction, threatening a valuable source
of genes that are needed to boost the ability of crops to resist pests and tolerate drought. The study
specifically found that in the next 50 years as many as 61% of the 51 wild groundnut species analysed
and 12% of the 108 wild potato species analysed could become extinct as a result of climate change.
Most of the wild potato and groundnut species that remained would be confined to much smaller areas
further eroding their capacity to survive (Geneflow, 2007). There is an urgent need to collect and store
the seed of wild relatives in crop diversity collections before they disappear. They remarked that
extinction of crop wild relatives threatens food production because plants contain genes for traits such
as pest resistance and drought tolerance that breeders use to improve the performance of cultivated
varieties either by conventional plant breeding or biotechnology. It was aptly reported in the study that
Plant Breeders tend to dip back into the gene pool of the robust wild relatives in search of traits that
will enable domesticated varieties to overcome any threat(disease, pest, drought) that my spring up.

The vulnerability of a wild plant to climate change can depend on its ability to adapt by, for
example, extending its range of adaptation as its native region becomes too hot. One reason wild
groundnut plants appear to be so vulnerable to climate change is they are largely found in flat lands
and would have to migrate a long way to reach cooler climates, a predicament made worse by the fact
that groundnuts burry their seeds underground, a meter or less from the parent plant. That limits the
speed at which seeds can move into more favourable climates. In contrast, plants in mountainous
locations could theoretically survive by extending their range slightly up a slope, even only by a few
meters, to find a cool weather.

The irony is that plant breeders will rely on wild relatives more than ever as they work to develop
domesticated crops that can adapt to changing climatic conditions. Yet because of climate change, we
could end up loosing a significant amount of these critical resources at precisely the time they are most

needed to maintain agricultural production.
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Results of Geneflow (2008) study shows that climate change will have an impact on what we grow
and where we grow it. Overall, the area suitable for crop cultivation is projected to increase. For
example, the model predicts increases in the area of land suited to pearl millet (31%), sunflower
(18%), common millet (16%0, chickpea (15%), and soybean (15%0. The problem is that many of the
gains occur in regions where these crops are not currently important for food security. Specifically, the
study predicted an increase of more than 10% in the area suitable for pearl millet in Europe and the
Caribbean, where hardly anyone eats the crop, but not in Africa, where pearl millet is widely
cultivated. Geneflow (2008) study under reference supports the recent call by the IPCC to invest in
solutions that will allow countries to adapt to the impacts of climate change. It will be crucial, for
example to develop new varieties of crops with resistance to a range of stresses, such as greater
tolerance of drought, flooding and extreme temperatures. Such new varieties would allow cultivation
to continue in areas that would otherwise become unsuitable for a particular crop to be grown in new
and previously inhospitable areas thus via biotech and bioremediation, flood plains, heavy metal sites
can be reclaimed for safe cultivation of crops.

The IPCC Fourth Assessment Report of 2007 predicts that many mid-latitude regions, such as
Mediterranean Europe, will experience decreased rainfall and an increased risk of drought, which in
turn would allow forest fires to occur on larger scale, and more regularly. This releases more stored
carbon into the atmosphere than the carbon cycle can naturally re-absorb, as well as reducing the
overall forest area on the planet, creating a positive feedback loop. Part of that feedback loop is more
rapid growth of replacement forests and a northward migration of forests as northern latitudes become
more suitable climates for sustaining forests. (Wikipedia, March 2009). A team headed by a Finnish
researcher concludes that stronger winds caused by global warming may be dispersing seeds and
pollen over longer distances. An increase in temperature of only a couple of degrees may increase the
dispersal of plants in Northern forests and the spread of plant species into forest clearings after logging
or forest fires.(Thomas, 2009).

Overt adverse effects of global warming include increased evaporation, drought, flooding, genetic
erosion, diseases, insect pests, reduction in water volume, drying up of rivers and lakes, sea level rise,
desertification, air quality problems especially the thinning out of ozone layer which exposes man to
the damaging effects of the ultraviolent radiation (UV) from the sun. Wikipedia (2009) opined that
rising atmospheric temperatures, longer droughts and side-effects of both, such as higher levels of
ground-level ozone gas, are likely to bring about a substantial reduction in crop yields in the coming
decades. The region likely to be worst affected is Africa, both because its geography makes it
particularly vulnerable, and because seventy per cent of the population rely on rain-fed agriculture for
their livelihoods. Sea level rise is projected to increase salt-water intrusion into groundwater in some
regions, affecting drinking water and agriculture in coastal zones. Furthermore, increased evaporation
will reduce the effectiveness of reservoirs.

Global warming is already taking its toll on water volume reserve of Lake Chad in Nigeria. The

water volume is drying up at an alarming rate to the extent that the human population around the lake
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who derive their livelihood from fishing are gradually being thrown out of job as the fishes are at the
verge of extinction. Between 1989 when the author first visited the Lake and now 2009, the water
volume had receded precariously that livelihood and activities around the lake portrays a sorry state
of a lake and its habitat at the verge of extinction. Government urgent intervention (Nigeria and Chad)

is needed!

BIOTECHNOLOGY
The plant biotechnology - plant breeding bridge

Breeding involves screening large numbers of different lines, selecting those individuals with
agriculturally important traits, quantifying the responsible genes and incorporating those genes into
elite breeding material through several generations of crossing and backcrossing to elite lines. DNA
technology assists in the selection process by improved pedigree analysis or gene mining for improved
genetic variants and also in tagging desirable genes in a crossing programme through marker assisted
breeding (Lande and Thompson, 1990). Plant biotechnology can increase productivity by raising,
either directly through increased photosynthetic efficiency, or by redirecting photosynthate into
preferred structures/sinks such as seed or tubers.

Biotechnology is a scientific discipline with focus on the exploitation of metabolic properties of
living organisms for the production of valuable products of a very different structural and
organizational level for the benefit of men. The products can be the organisms themselves (i.e.,
biomass or parts of the organismic body), products of cellular or organismic metabolism (i.e.,
enzymes, metabolites), or products formed from endogenous or exogenous substrates with the help of
single enzymes or complex metabolic routes. The organisms under question vary from microbes
(bacteria, fungi) to animals and plants. In addition to intact organisms, isolated cells or enzyme
preparations are employed in biotechnology. The products of biotechnology are of importance for
medicine, pharmaceutical sciences, agriculture [crops, livestock -including fishery, soil], food
production, chemistry, and numerous other disciplines ( Barz and Oksman-Caldentey, 2002). Genetic
engineering and biotechnology are providing new tools for genetic improvement of crops.
Biotechnology has made possible the techniques of cell and tissue culture, molecular genome analysis,
plant genetic transformation, molecular plant disease diagnosis and germplasm cryo-conservation in
plant improvement.

Tissue culture was developed in the 1950s and became popular in the 1960s. Today,
micropropagation and in vitro conservation are standard techniques in most important crops,
especially those dealing with vegetative propagation. Tissue culture is seen as a main technology for
developing countries for the production of disease-free, high-quality planting material. Tissue culture
includes micropropagation; embryo rescue; plant regeneration from callus and cell suspension; and
protoplast, anther and microspore culture. These techniques are being used particularly for large-scale
plant multiplication. Plant regeneration from callus and cell suspension has also constituted an avenue

for creating variability in vitro through somaclonal variation. Micropropagation has proved especially
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useful in producing high quality, disease-free planting material of a wide range of crops and also for
virus indexing (Ogunbodede, 1995).

Molecular DNA markers are some of the tools which can be used in various fields of breeding and
germplasm management (Thottappilly ez al., 2000). They are useful for determination of phylogenetic
relationships in related species and construction of genetic maps. A genetic map is a collection of
genetic markers that have been grouped according to their linkage. = Molecular markers serve as a
means for unifying basic and applied genetics. Plant breeders will or would have to change their
modus operandi with the development of objective marker-assisted introgression and selection
methods. Backcross breeding will be shortened by eliminating undesired chromosome segments (also
known as linkage drags) of the donor parent or selecting for more chromosome regions of the
recurrent parent. Parents of elite crosses may be chosen based on a combination of DNA markers and
phenotypic assessment in a selection index, such as best linear unbiased predictors. Molecular markers
in various forms can be used to construct linkage maps of different species so as to locate particular
genes. The mapped markers are used for speeding up selection in conventional breeding procedures.
Allozymes were available as the first biochemical genetic markers in the 1960s. Population geneticists
took advantage of such marker system for their early research. Since then, marker-aided analysis based
on PCR has become routine in plant genetic research and marker systems have shown their potential in
plant breeding. Furthermore, new single nucleotide polymorphic markers based on high density DNA
arrays, a technique known as ‘gene chips’ (Nill, 2002) have recently been developed. With ‘gene
chips’, DNA belonging to thousand of genes can be arranged in small matrices (or chips) and probed
with labeled ¢cDNA from a tissue of choice. Ortiz (1998) opined that to achieve success in these
endeavours, cheap, easy, decentralised, and rapid diagnostic marker procedures are required.
Although molecular markers provide a mechanism for applying linkage genetic techniques to complex
inheritance problems that almost reduces them to the level of studying single gene trait (Hlentjaris,
1993), he cautioned that, both experimental design and phenotypic measurements are much more
critical in making this realizable.

Breeders can use DNA maps to carry out marker assisted selection. It enhances cloning of genes
for crop improvement. In cowpea a genome map based on mainly on RFLP markers have been
developed (Fatokun et al.,, 1997). Using the map, quantitative trait loci (QTLs) for seed weight, pod
length, and aphid resistance have been identified. Abdulai (2001) also identified QTLs in maize
controlling days from planting to flowering, ear and plant heights as well as total number of leaves at
flowering.

Some of the most useful molecular markers for DNA fingerprinting are the polymerase chain
reaction (PCR)-molecular genome mapping and diagnosis of plant pathogens. Restriction Fragment
Length Polymorphisms (RFLPs), Random Amplified Polymorphic DNAs (RAPDs) and Amplified
Fragment Length polymorphism (AFLP). Restriction fragment length polymorphisms (RFLPs)
(Bostein et al., 1980) provided researchers with a tool that in many ways supersedes the limitations of

isozymes. Microsatellites are highly polymorphic, randomly distributed in the genome and easily
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analysed by the PCR technique. Microsatellites are regarded as general and novel source of genetic
markers and they are being used to construct high resolution genetic maps. Transposable elements
was first described by McClintock in 1957 .They are genes which move from one chromosome
location to another and they are also called transpoons (Briggs, 1993). Most transposons contain
inverted repeats at their ends and encode a transposase enzyme that recognizes these inverted repeats.
The transposase cuts at the borders between the transposon and adjacent genomic DNA and it also
helps the excised transposon integrate at a new site (Morakinyo ef al., 2008). Transpoons may inhibit,
suppress or modify gene action and may also induce point or mutations. Fawole (2008) reported that
the activities of transposable elements cause turbulent heredity in cowpea and that Transposable
elements transfer mutability to otherwise stable loci and they may be used to generate genetic
variability for plant breeding and genetic analysis.

DNA-based techniques include isolation, amplification, modification and recombination of DNA;
genetic engineering to obtain Genetically Modified Organisms (GMOs); use of markers and probes in
gene mapping and in functional and structural genomics; and unambiguous identification of genotypes
through DNA fingerprinting.

Recombinant DNA techniques are succinctly outlined by Morakinyo et al., 2008. The techniques
are used for the production of transgenic individuals, which involves DNA extraction, gene cloning,
gene construct/design, transformation and backcross breeding all of which facilitate the recombination
and reinsertion of genetic material by various techniques. The best available method of gene
transformation is based upon the ability of the bacterium Agrobacterium tumefaciens to transfer and
integrate the T-DNA region of its Ti plasmid into the recipient genome (Old and Primose, 1994;
Morakinyo et al. 2009). Physical methods of protoplast transformation include electroporation,
chemically mediated uptake, mechanical introduction of DNA into cells by microinjection, use of high
velocity microprojectiles/biolistics (Old and Primrose, 1994). Several transgenic cultivars of major
food crops have been released incorporating genes for resistance to herbicides and insects.( Monti,
1992, Dale et al., 1993). Development of an efficient transformation protocol in cowpea (Vigna
unguiculata (L.) Walp) had being a herculean task (Kononowicz et al. (1997). Raji et al. (2008)
described an efficient transformation system for this crop which had been hither to very recalcitrant to
transformation. This discovery now places cowpea on a new research highway for rapid improvement
of the crop. The area planted with transgenic crops in the world went from 2.8 million ha in 1996 to 28
million ha in 1999 (FAO, 1999). There are 4.4 million ha of transgenic corn (14% of total acreage), 5
million ha of transgenic soybean (20%), and 1.6 million ha of transgenic canola (42%) grown only in
North America (Moore, 1998). Argentina is the leading developing country with an excess of 4
million ha of transgenic herbicide-resistant soybean. Trees are the next target in the agenda of genetic
engineering (Ortiz, 1998). Plans are on going for the introduction of Genetically Modified crops in
Nigeria. The Nigerian priority crops include Bt-Cotton, Cowpea, Cassava and Bt-corn (Solomon ef

al.,2008).
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Cryopreservation is the storage of biological material at ultra-low temperature, usually that of
liquid nitrogen (-196°C), is the only currently available to ensure the safe and cost-effective long term
storage of genetic resources of species that have recalcitrant seeds or are vegetatively propagated.
Cryopreservation is applicable in the preservation of ornamental, horticultural, fruit, wild relatives of
cultivated crops and other endangered species. Different parts of the plant e.g. pollen, zygotic
embryos, shoot apices, meristems, whole seeds etc. can be cryopreserved. Cryopreservation techniques
could be Classical or Vitrification in nature. Classical technique is freeze-induced dehydration e.g.
undifferentiated culture systems like cell suspensions and calluses while Vitrification technique can
take various forms: encapsulation-dehydration, vitrification, encapsulation-vitrification, desication,
pregrowth and pregrowth desication. In all vitrification —based procedures, cell dehydration is
performed prior to freezing by exposure of samples to concentrated cryoprotective media and/or air
desiccation. (Engelmann, 2000).

The full realisation of the agricultural biotechnology revolution depends on both continued
successful and innovative research and development activities and on a favourable regulatory climate
and public acceptance. Biotechnology should be fully integrated with classical physiology and
breeding to fulfill the following tasks: (1) as an aid to classical breeding, (2) for generation of
engineered organisms, (3) for integration of micro-organisms into agricultural production systems.

Biotechnology will, by the production of genetic modified plants, impact the agricultural and plant
scene in three major areas: (1) growth and development control (vegetative, generative and
reproduction/propagation), (2) protecting plants against the ever-increasing threats of abiotic and
biotic stress, (3) expanding the horizons by producing specialty foods, biochemicals and
pharmaceuticals (Altman, 1999).

Likewise, research advances in gene regulation, especially those processes concerning plant
development patterns, will help breeders to fit genotypes in specific environments. Photoperiod
insensitivity, flowering initiation, vernalization, cold acclimation, heat tolerance, host response to
parasites and predators, are some of the characteristics in which advanced knowledge may be acquired
by combining molecular biology, plant physiology and anatomy, crop protection, and genomics.
Multidisciplinary co-operation among researchers will provide the required holistic approach to
facilitate research progress in these subjects.

Plant biotechnology requires both human resources and infrastructure. Governments of developing
countries must provide these because technical constrains in terms of scarcity of human resources,
limitation in technology development and use, infrastructure and lack of information/data banks on

plant biotechnology usually undermine major biotechnological breakthroughs.

OPPORTUNITIES PROVIDED BY THE NEW BIOTECHNOLOGY TOOLS
Augumentation of traditional breeding

Breeding involves screening large numbers of different lines, selecting those individuals with

agriculturally important traits , quantifying the responsible genes and incorporating those genes into
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elite breeding material through several generations of crossing and backcrossing to elite lines. DNA
technology can assist in the selection process by improved pedigree analysis or gene mining for
improved genetic variants and also in tagging desirable genes in a crossing programme through marker

assisted breeding (Lande and Thompson, 1990).

Advances in crop productivity

Agricultural biotechnology can increase productivity by raising yield, either directly through increased
photosynthetic efficiency, or by redirecting photosynthate into preferred structures/sinks such as seed
or tubers. Alternately, yield increases can be achieved by minimizing losses to pest and diseases.
Specifically, plants can be strengthened with genes resistant to insects, nematodes, fungus, parasitic
weeds, bacteria or virus. Similarly, transformation with stress tolerant genes can alleviate losses due to
abiotic factors such as drought, high salt or aluminum toxicity.

MEA (2005) categorized agricultural interventions to reduce hunger into (a) increasing yield (and
also nutrient fortification), (b) increasing area in agriculture/ number of animals and (c¢) reducing past
harvest losses (through measures such as crop protection, value addition and provision of appropriate

and adequate storage facilities). Biotechnology is involved in each of the three categories above.

Improved health and nutrition

Biotechnology advances can be found that tackle areas not solely related to improving crop
productivity, but also address the broader issues of health and nutritional needs (Keese et al., 2002;
Ferrini, 2003). Transgenic crops with insect or pathogen resistance genes can have a significant
indirect benefit on health by reducing the need for potentially dangerous chemical sprays.

Fine-tuning plant responses to distinct environments mitigates effect of climate change and also
enhances crop productivity.

It will be crucial, for example to develop new varieties of crops with resistance to a range of
stresses, such as greater tolerance of drought, flooding and extreme temperatures. Such new varieties
would allow cultivation to continue in areas that would otherwise become unsuitable for a particular
crop to be grown in new and previously inhospitable areas thus via biotechnology and
bioremediation, flood plains, heavy metal sites can be reclaimed for safe cultivation of crops. Plant

Biotechnolgy has made the production of the following crop ideotypes possible:

A. Engineered plants for salt tolerance.

Engineered plants for salt tolerance are able to cope with the problem of fresh water pollution arising
from rising levels of ocean in coastal water lands. In some countries, such as Israel where this work
was pioneered, fresh water supplies are already stretched to the point that farmers are forced to use a

proportion of salty water for irrigation and it is anticipated that this usage will continue to grow in the
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future. If encroaching desertification is to be avoided under these circumstances, then the development

of salt-resistant crops and trees becomes essential.

B. Engineered plants for drought tolerance.

Such plants (trees) are used in aforestation programmes and they also help to arrest desertification.
Drought resistant annual crop varieties make production possible where it would have been impossible
especially in the dry ecologies of the region. Early maturing crop varieties e.g. maize and cowpea

increase the number of cropping within a given period of time at a particular location.

C. Engineered plants for resistance to insect pests and diseases.

Plants have an inbuilt defence mechanism protecting them from attack by insects but the damage
caused by the pests may still be sufficient to reduce the commercial potential of the crop. The usual
procedure is to spray the crop with insecticides but in an effort to reduce the amount of chemical
insecticides being used, plants are being engineered to have an increased self-defence against pests.
Attack by insects not only causes damage to the plant but also provides a route for bacterial or fungal
infection in addition to the role played in the spread of plant viruses. With a view to increasing
resistance to sustained attack, the genes coding for the J-endotoxin of the bacterium, Bacillus
thuringiensis (Bt), have been transferred into plants. Examples are of synthetic B. thuringiensis o-
endotoxin genes transferred, in the first case, by A. umefaciens into Chinese cabbage (Cho et al. 2001)
and in the second, by biolistic bombardment into maize (Koziel et al. 1993). In both cases, the
transgenic plants showed greatly improved resistance to pest infestation. Insects are able to develop
resistance to Bt products which is a problem addressed by insertion of J- endotoxin genes into the
chloroplast genome rather than into that of the plant’s nucleus, with promising early results (Kota et
al. 1999).

Attempts to improve virus resistance have led to the introduction, by A. tumefaciens, of the genes
expressing antibodies to the coat protein of Tobacco Mosaic Virus (TMV). Expression of these in the
plant led to complete immunity against TMV (Bajrovic et al. 2001).

Farmers of vegetatively —propagated root and tuber crops in developing countries suffer significant
yield losses induced by pests and diseases and conventional resistance breeding has shown only
limited successes. Recombinant techniques bring about new opportunities to develop high yielding,
virus resistant varieties through the introgression of viral coat protein or replicate genes into the plant
genome. Collaborative projects to advance non conventional virus resistance in sweet potatoes i.e.
transgenic potatoes in Kenya and Mexico have been undertaken. The project between Kenya
Agricultural Research Institute (KARI) and Monsanto (USA) on one part and between the center for
Research and Advanced studies in Mexico and the same Monsanto (USA) on the other made
transgenic virus resistant potatoes available to Kenyan and Mexican farmers (Solomon ef al., 2008).

Such transgenic crops with insect or pathogen resistance genes show improved resistance to pest and
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diseases and they also have a significant indirect benefit on health by reducing the need for potentially

dangerous chemical sprays.

D. Engineered plants for resistance to herbicides.

‘Glyphosate’, one of the most widely used herbicides, is an analogue of phosphoenol pyruvate and
shows herbicidal activity because it inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase.
The gene coding for this enzyme has been identified, isolated and inserted into a number of plants
including

Genetic Manipulation 227 petunias. In this case, the gene was expressed behind a CaMV promoter
and

introduced using 4. tumefaciens, leading to very high levels of enzyme expression. As a
consequence, the recombinant plants showed significant resistance to the effects of glyphosate (Shah
et al. 1986). Developments in this strategy include the formation of a chimaeric synthase enzyme, the
analysis of which should lead to improved herbicide resistance in transgenic crops using this strategy
(He, 2001). Argentina is the leading developing country with an excess of 4 million ha of transgenic

herbicide-resistant soybean. (Ortiz, 1998).

E. Engineered plants for Phytoremediation i.e. (Photodegradation, Rhizodegradation and

Phytovolatization)

A wide variety of organic chemicals are commonly encountered as environmental pollutants
including many types of pesticides, solvents and lubricants. The most ubiquitous of these across the
world, for obvious reasons, are petrol and diesel oil. These hydrocarbons are not especially mobile,
tend to adhere closely to the soil particles themselves and are generally localised within 2metres of the
surface. Accordingly, since they are effectively in direct contact with the rhizosphere, they are a good
example of ideal candidates for phytoremediation. Phytoremediation biotechnology generally relies
on the transpiration pull of fast-growing trees, which accelerates the uptake of the pollutants in
groundwater solution, which are then released through the leaves. The genetic modification of a poplar
specie to enable mercury to be removed from the soil and converted to a form able to be released to
the atmosphere is widely used in phytoremediation. This process is termed ‘phytovolatilisation’
(Rugh ef al. 1998). The transgenic yellow poplar plantlets were found to exhibit tolerance to mercury
and to volatalise it at 10 times the rate observed in untransformed yellow poplar plantlets. . This
confers the ability to tolerate higher mercury concentrations and to convert the metal’s ionic form to
the elemental and allows the plant to withstand mecury toxicity (Bizily et al., 2000). This study
demonstrated the possibility that trees can be modified to become useful tools in the detoxification of
soil contaminated with mercury.

This innovation can be used for phytoremediation of dump sites and flood plains to void them of
heavy metals (Pb, Cu,Zn,Cd). Flood plains/river banks are largely used for vegetables (fruits, leaves ,

roots) production especially in the dry season,{Akinola and Ekiyoyo, 2006; Oyedele et al. 2008;
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Awotoye et al. 2008}. Vegetables translocate these heavy metals especially Pb into their edible
portions. Such sites will be suitable for production of vegetables safe for human consumption after

phytoremediation.

Biotechnology for better yield and nutritional qualities

*  A. Tissue culture bananas with average bunch weights of 40kg compared to the usual average
of 15-30kg have been developed (Jones, 2007).

*  B. Mushrooms for mycoremediation- application of fungi in remediation of polluted soil and
aqueous effluents have been documented ( Adenipekun, 2006).

e C. Cultivated edible mushrooms : Contains 19-40% high quality protein with all the 9
EAAs., low fat content(1-8% dry wt), little sugar, no starch and with a richer supply of minerals than
meats and double the amount found in most vegetables (Fasisdi, 20006).

* D. New Rice for Africa -NERICAs Rice- This biofortified variety was produced by African
Rice Center (WARDA) in Cote d’Ivoire from an interspecific hybrid (Oryza glaberrima x Oryza
sativa) accompanied by embryo —rescue to produce fertile plants which eventually passed through
several backcrosses to the O. sativa parent to produce progeny with robust fertility (Jones, 2007). The
attributes of the NERICAs include the following: Early maturity -90-100 days instead of 120-140 days
for O. sativa. ;drought tolerance, lodging and shattering resistance; resistance to African rice gall
midge, the region’s most devastating insect pest and resistance to rice yellow mottle virus, a major
disease in lowland rice; resistance to blast disease; possession of taste, aroma and other grain qualities

favoured by farmers and higher % protein (10.5%) vs 8% of O. sativa.variety.

Engineered plants for aesthetics, horticultural therapy and human health

*  The first references to the use of plant cultivation as therapy for disabled people were found in
an Irish monastery dating back to 1300( Ferrini, 2003). Several definitions of horticultural therapy
have been given. This term is used for numerous matters that range from the obtainable benefits form
social gardening flower cultivation, the program of environmental education of children at
kindergarten and elementary school up to proper programs of support and rehabilitation for individuals
with learning difficulties, physical and mental handicaps or problems related to drug and alcohol
abuse, periods of incarceration or with ageing ( Relf and Dorn, 1995; Stoneham et al., 1995). The
simplest definition of horticultural therapy is perhaps “rehabilitation through contact with Nature”
(Anonymous, 1995). Biotechnology has been employed to create novel morphological and vegetative
mutants in cowpea. Mutant cowpea plants with yellow and variegated leaves sort out in a myriad of
ways producing different beautiful plants that can be used as ornamental/potted plants for decoration
(Fawole, 2008; Obisesan, 2008). These cowpea vegetative mutants enrich the ornamental industry.
Generally, clonal propagation of fast growing horticultural and ornamental (horticultural therapy)
species are very apt for horticultural therapy. Ferrini (2003) opined “For most of us simply being in a

garden makes us feel better. Strolling through a park or botanical garden soothes our nerves, gives us a
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break from day to day problems and puts us back in touch with the rhythms”. Neuberberger (1992)
reported that horticultural therapy is prescribed by ward physicians of psychologists for rehabilitative

reasons (22%) or simply to restructure the patient’s daily routine(78%).

Engineered plants for afforestation programmes

Clonal propagation of fast growing tree species produced by Forestry Research Institute of
Nigeria(FRIN) e. g. Ttriplochiton scleroxylon (Obeche), Terminalia superba (White afara) and
Terminalia ivorenses (Black afara) have become available ( Ladipo et al., 1999) and are currently

used in national afforestation programmes in Nigeria ( Badejo ef al., 2008).

Biotechnology in conservation of plant genetic resources

*  Andean "orphan" food crops as arracacha (Arracacia xanthorrhiza), achira (Canna edulis),
yacon (Polymnia sonchifolia), mashua (Tropaeolum tuberosum), oca (Oxalis tuberosa), ulluco
(Ullucus tuberosus), quinoa (Chenopodium quinoa), amaranto o kiwicha (Amaranthus caudatus),
popping beans -"nufias” (Phaseolus vulgaris), tarwi (Lupinus mutabilis), goldenberry-"capuli”
(Physalis peruviana), cherimoya (Annona cherimola) and passion -fruit (Passiflora sp.) are highly
under-utilised and face the need to strengthen modern plant biotechnology for the conservation and
sustainable agricultural use of those essential genetic resources. For these purposes, biotechnologies as
cell and tissue culture, molecular genome analysis, plant genetic transformation, molecular plant
disease diagnosis and germplasm cryo-conservation coupled with plant breeding and physiological
integrated crop management, can be successfully used to cope with genetic erosion, to reinforce ex-
situ collections and in in-situ conservation in the mountain lands (Izquierdo and Roca, 1998). In vitro
conservation and cryopreservation of germplasm (cultivated, wild relatives, endangered species) is
also appropriate. Geneflow (2007) reported that wild relatives of crops such as potato, cowpea and
groundnut are at the verge of extinction .There is an urgent need to collect and store the seed of wild
relatives in crop diversity collections before they disappear. The extinction of crop wild relatives
threatens food production because plants contain genes for traits such as pest resistance and drought
tolerance that breeders use to improve the performance of cultivated varieties either by conventional
plant breeding or biotechnology. Plant breeders tend to dip back into the gene pool of the robust wild
relatives in search of traits that will enable domesticated varieties to overcome any threat(disease, pest,
drought) that my spring up.

*  There are many Genetic Resources Centers across the globe. Mandate crops for each center
are as indicated. [IITA in Nigeria: cowpea, cassava, banana, plantain, sweet potato, yam ; CIMMYT
in Mexico: maize, wheat triticale; ICRISAT in India: sorghum, pearl millet, chickpea, pigeon pea,
peanut/groundnut ; CIAT in Columbia: dry bean, cassava, tropical forages ; AVRDC in Taiwan:
mungbean, soybean, tomato, Chinese cabbage, pepper ; CIP in Peru: potato, sweet potato ; ICARDA
in Syria: wheat, barley, broad bean, lentils ; IRRI in Philippines: rice].
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*  The Nigerian Government established the National Center for Genetic Resources and
Biotechnology in 1986 with the mandate to use biotechnology tools for the conservation of the nations
genetic resources, established Biotechnology Advanced Laboratory (BAL) at Sheda Science and
Technology Complex (SHETSCO) in 1993 with the mandate to provide a center of excellence for
research and training in biotechnology and genetic engineering. The country also put in place a
National Biotechnology Policy (NBP) and the National Biotechnology Development Agency in April
and November 2001 respectively (Solomon et a/.,2008).

Biotechnology in Greenhouse Farming

Large scale production of fruits and vegetables is practiced in Israel inside the greenhouse. It is also
practiced in Florida state of USA as well as in Belgium and many other European countries.
Vegetables are sustained by nutrient solutions supplied in sufficient quantities and in appropriate
proportions in the greenhouse (with controlled environment). This innovation makes the production of

vegetables possible irrespective of the environmental conditions outside the greenhouse.

CONCLUSION

Climate change and its attendant global warming is taking its toll on soil and crop production that
grows on it. It appears that global warming is determined to strip man and its environment bare as a
first step towards man’s extinction. The overt adverse effects of global warming include increased
evaporation, drought, flooding, genetic erosion of plant and animal resources, diseases, insect pests,
reduction in water volume, drying up of rivers and lakes, sea level rise, desertification, air quality
problems especially the thinning out of ozone layer which exposes man to the damaging effects of the
ultraviolent radiation (UV) from the sun. Biotechnology has been of tremendous advantage in
mitigating adverse effects of global warming by ameliorating soil conditions for crop
growth/productivity by phytoremediation, by augmenting the efforts of plant breeders to develop an
array of high yielding crop varieties (including Genetically Modified Crops) to meet different needs
and with adaptation to different hostile production environments (diseases, insect pests, herbicides,
drought, salinity, flood) as well as long term storage of threatened crop species and their wild relatives
via conservation in seed gene banks or as tissue cultures. Biotechnology has also opened the door of
profitable greenhouse farming. Governments of developing countries in particular must regularly and
faithfully provide the human capacity development atmosphere and infrastructural frame work which

biotechnology requires to make significant breakthroughs.
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Abstract

The relative decline in food crop production in Nigeria has been attributed largely to changing weather
conditions. Scientists have indicated that global warming will place millions of people at greater risk
of food and water shortages particularly in sub-Saharan Africa. Yet, the impact of changes in agro-
climatic conditions on food crop production has received little attention in agricultural research in
Nigeria. This study therefore examined the effect of agro-climatic variables on food crop production in
Nigeria. Time Series data covering four decades (1965-2004) were obtained for output and prices of
Tuber crops (yam, cassava and potato), from Food and Agricultural Organization and Central Bank of
Nigeria. Agro-climatic variables (relative humidity, temperature, rainfall, sunshine, solar radiation,
wind speed, and evaporation.) were obtained from Meteorological Centre, Nigeria. Data were analysed
using descriptive statistics and Error Correction Model (ECM).There was a wide gap in minimal and
maximal values of each of the agro-climatic variables, which affected crop output. ECM indicated that
rainfall had significant effect on the output of all crops considered (P<0.05). Windspeed had
significant effect on all the crop outputs (P<0.05) but had inverse relationship for yam and cassava
outputs in the long run. Sunshine hour had significant effect on yam and cassava outputs. The
coefficient of ECM was negative and significant (P<0.01) for all the crops, confirming the existence of
long- run equilibrium relationship between the crops and the weather variables and also the presence
of significant short-run dynamics. Agro-climatic variables significantly influenced the output of all the
crops considered. The relationship between food crop output and agro-climatic variables if carefully
monitored will increase total output of each of the crops considered. Hence the need for farmers’
education and proper monitoring of climatic conditions in the country as this will help stabilize and
sustain food crop production.

Keywords: Agro-climatic variables, Food crop outputs, sustainability, Error Correction Model.

INTRODUCTION

Planet earth is increasingly being consumed by unprecedented and dramatic changes in weather
conditions. Global warming, El-Nino/ tsunamis and high powered hurricanes are becoming important
and critical influences on human lives and soon will be on land economy, land use and eventually on
food production. Scientists continue to show evidence that global warming will soon place millions of
people at greater risk of food and water shortages particularly in sub-Saharan Africa. Climate change
is rapidly emerging as one of the most serious threats that humanity will face. In recent times, there
have been changes in the climate across the globe due to the effect of global warming arising from
various human activities. Rosenzweig (2001) had predicted that “in a most fundamental way, climate
change will bring change to agriculture wherever it is practiced.” The highest damage from climate

change, has however been predicted to be in the agricultural sector in sub-Saharan Africa
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(Kurukulasuriya and Mendelsohn, 2008). Because it is linked so closely to natural resources and
climate conditions, agriculture will keenly feel the effect of climate change through changes in both
temperature and precipitation. Given Africa’s high dependence on agriculture as highest provider of
labour, the effect of climate change could put millions of people at risk of poverty and hunger. Africa
is particularly vulnerable to climate change because of the high incidence of low-input, rain-fed
agriculture, compared with Asia or Latin America.

The climatic changes attributable as they are to global warming and green house effects recorded
in many parts of the globe including sub-Saharan Africa (SSA) suggest that a sustainable growth in
agricultural production from an increasingly fragile ecosystem requires new and innovative
management strategies. Although considerable progress has been made in evaluating the potential
effects of climate change on global agriculture, significant uncertainties remain at regional levels and
since existing evidence indicates that global effects are manageable, concern is increasingly shifting to
regional effects (Reilly, 1999). This flows from the fact that the climate of an area is found to be
highly correlated to the vegetation and by extension the type of crop in that area. The quality and
character of weather are thus a central determinant of what can be produced, how it is produced, as
well as the expectation of achievable results. For example, it has been observed that in spite of
qualitative seed selection, subtle management and varietals selection, unusually bad weather can bring
about significant output losses (Knerpp and McRae, 1999).

The effect of climate change on agricultural productivity demands greater attention given that
agriculture is the single most important occupation and second largest export earner after petroleum in
Nigeria. Because of Nigeria’s heavy dependence on agriculture, the negative effects of climate change
on productive croplands can impact directly on the welfare of the population and the economic
development of the country (Mendelsohn and Dinar, 1999). Agriculture in sub-Saharan Africa, vis-a-
vis Nigeria has been found to thrive under extreme heat and low precipitation and it relies on relatively
basic tools and technologies (McCarthy et. al. 2001).

In spite of the above difficulties, the impact of changes in climatic conditions on agricultural
production has received little attention and the development, testing and practical application of
methods of agro-climatic analysis have not benefited much from priority areas in agricultural research
in Nigeria. For example, relatively limited information is available on the effect of climate on
agriculture, Mendelsohn and Dinar (1999) observed that most empirical works, whose results have
been extrapolated world wide focused on the industrialized nations, thereby excluding developing
nations that are more vulnerable in the face of changing climates. The situation is even more critical
for Nigeria, which was excluded from a cooperative research effort among some African countries
(Kurukulasuriya and Mendelsohn, 2008). The omission has created a big gap in the knowledge about
climate change and its effect on agriculture in Nigeria and the significance for the validity of Africa
results thus far.

Nigeria has a land area of 983 000 km® which is about 4 percent of the total land area of the sub-
Saharan Africa. Nigeria had a CO, emission per unit of GDP of 0.9 as opposed to 0.6 for Sub-Saharan
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Africa. (Little Green Data Book 2001). Furthermore, Nigeria is the most populous black nation with
an estimated population of 140 million (Census, 2006); a fact considered critical to the African
continent in the fight against poverty and food insecurity that might arise as a result of the negative
impact changing climate may have on agricultural productivity. In the circumstance, there is need for a
better understanding of the Nigerian situation.

Food shortages caused by natural and human- caused disasters continue to affect many countries in
all regions of the world due to lack of knowledge and understanding of crops, its yield, vis-a-vis agro-
climatic variables. Fluctuations in crop outputs over the years have been due mainly to fluctuations in
weather and climate. To provide output stability therefore, there is the need for a study that would
examine the effect of climate change on staple food crop production in Nigeria. Such a study would
also provide a long-term forecast of these climatic factors to be able to predict what the trend in staple
food crop production would be and consequently adaptability of agriculture to changing climatic
conditions. This study intends to assess the trends in both agro-climatic variables and food crop
outputs with a view to examining the effect of climate change on agricultural productivity and

implications for agricultural extension delivery in Nigeria.

CONCEPTUAL FRAMEWORK/LITERATURE REVIEW
Conceptual Framework
Sustainable food crop production

There is a growing realization that the optimization of food production goes beyond the question of
availability of improved production technologies (Oyekale 2000).1t is observed that climate plays a
vital role both directly and indirectly in crop growth, development and output and nearly every item of
standard meteorological data has some relevance to crop production. It has also been observed that in
spite of qualitative seed selection, subtle management and varietals selection, unusually bad weather
will amount to significant output losses (Knerpp and Mc Rae, 1999).

Trend analysis in crop production has been known to have relevance for both microeconomic and
macroeconomic decision making. At the farm level for example, the pattern of crop output and rainfall
distribution can have important consequences on farmers’ income and risk management. Considering
an aggregate perspective, the growth of crop output and their variability have raminifications for food
security programmes of a country, particularly for development of new technologies (Offut et
al.,1987). For instance, the threat of increasing length of dry season in Nigeria and some other African
countries have shifted the attention of agricultural development planners towards expanded irrigation
networks while consideration is being given to the establishment of mini-dams for intensive crop
production even in the rainfall belt of the country. One major attribute of agricultural production is
that output varies from period to period mainly due to changes in policy, biophysical and

socioeconomic and agro-climatic environments.
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The alarming food deficit projected for sub-Saharan African from recent production figures make it
mandatory that no effort be spared in reversing the trend of declining yield. Developing better
understanding of such climate related constraints as inadequate or excessive rainfall, high levels of
intensity storms, temperatures, evaporation demands and errodability of soils will result in measures
that can overcome or mitigate these constraints to crop production and facilitate sustainability.
Sustainability has been variously defined; Conway (1985) defines it as the ability of a system to
maintain productivity even in the face of a major disturbance. Similarly Lynam and Herdt (1988),
stated that a sustainable system must have non-negative trends in total factor productivity .At farm and
village levels, the essential concern is that the production system should not collapse under pressure
from adverse weather conditions in the foreseeable future .In other words, a sustainable agricultural
production system is expected to be both productive and resilient.

A way of achieving sustainable agricultural development is to raise the productivity of the farms by
optimizing efficiency within the limits of the existing resource base and available technology. The
factor productivity growth of input-output relations and enterprise shows that small-scale farmers
operate on the frontiers of the production function (Udoh and Akintola 2001).

Farrell (1957) developed the concept of technical efficiency based on input/output relationship. He
suggested a method of measuring technical efficiency by estimating the production function of firms,
which are fully efficient. However, according to Udoh and Akintola (2001), a farm is said to be
technically inefficient when actual observed output from a given input mix is less than the maximum
possible. Efficient use of various inputs, which could be agro-climatic variables, is an important part
of sustainability [Harwood, 1987], which implies either fewer input to produce the same level of

output or higher output at the same level of inputs.

Methodological Concept
Co integration and Error Correction Modeling (ECM)

In the last decade, co-integration methodology has become a widely used technique for the analysis of
economic time series. It has assumed increased importance in analyses that purport to describe long-
run or equilibrium relationship Goodwin and Schroeder (1991) and Alexander and Wyeth (1992)
employed it to study market integration. Hallam ez a/ (1992) used it to establish the determinants of
land prices, while Adams (1992) applied the concept of co-integration to estimate the demand for
money in Kenya. Other studies that have employed the concept include: estimating agricultural export
supply in Cameroon (Tambi, 1999), cocoa export supply in Nigeria (Tijani, 1999) and Chete (1998) in
estimating the determinants of direct investment in Nigeria. These studies validated theoretical and
antidotal priors, and agreed to the fact that most time series variables are non-stationary at their level
but attain stationarity at different levels of differencing, thus, questioning the predictive reliability on
empirical results based on Ordinary Least Square (OLS) specification. The above inform our
conviction in the application of co-integration and error correction specification as appropriate and

plausible in modeling the effect of exogenous variables on sustainable food crops production in

140



Nigeria. A prerequisite of the ECM estimation is the determination of the characteristics of the time
series variables in the model as to whether they are stationary or non-stationary. Co-integration theory
Felix and Welch (1998), Goodwin and Schroeder (1991) examined the time series characteristics of
data with a view to overcome the problems of spurious correlation often associated with nonstationary
time series data and simultaneously generate long-run equilibrium relationship (Engle and
Granger,1987). Co-integration means that time series variables [one, two or more] may be regarded as
defining a long-run equilibrium relationship if they move closely together in the longrun, even though
they may drift apart in the short-run. This long-run relationship is referred to as a co-integrating vector
because there is a long-run relationship between the variables. Regression containing all the variables
of a co-integration vector will have a stationary error term, even if none of the variables, taken alone is
stationary (Campbell and Shiller (1988).

The use of ECM is facilitated when variables are first differenced stationary and co-integrated. An
equilibrium relationship exists when variables in the model are co-integrated. A necessary condition
for the integration, however, is that the data series for each variable involved exhibit similar statistical
properties, that is, be integrated to the same order with evidence of some linear combination of the
integrated series. A variable is integrated of order I (0) when it is stationary in level form. A stationary
series Xt for example has a mean, variance and autocorrelation that are constant over time (Tambi,
1999). However, most economic series tend to exhibit non-stationary stochastic processes of the form.

X1 =0+ pXt-1+et

Where;

o = constant drift

B = regression coefficient and is equal to 1,

et = an error term.

If et has zero mean, constant variance and zero covariance, then Xt is a random walk and said to be
integrated of order I(1). Then series Xt is integrated because it is sum of its base value X0 and the
differences in X up to time t. Since B is unity, X is said to have unit root. If Xt is non-stationary, the
variances may become infinite and any stochastic shock may not return to a proper mean level. As
shown by Engle and Granger (1987), such a non-stationary series has no error-correction
representation. A non-stationary series requires differencing to become stationary. Xt is integrated of
order Dx or Xt ~ [ (Dx) if it is differenced Dx times to achieve stationary. Engle and Granger (1987)
provide appropriate tests for stationary of the individual series as the Dickey-Fuller (DF) and
Augmented Dickey-Fuller (ADF) statistics. These tests are based on t-statistics on & obtained from
estimates of the following OLS regression applied to each of the series.

AXt = a +0X t-1 + et (for the DF test)

AXt = a +oXt-1 + 2t-1

k pAX t-11 + et (for the ADF test)

Where the lag length k chosen for ADF ensures that et is empirical white noise. The null hypothesis
holds that X is I(1) as against the alternative being 1(0). The null hypothesis is rejected if the statistics
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on 0 is negative and statistically significant when compared to appropriate critical values established
for stationary tests. These critical values have been established for stationary by a number of studies
from Monte Carlo simulations (Fuller. 1976; Dickey and Fuller. 1981; Engle and Granger, 1987).
Most of the critical values are appropriate or large samples.

Once the stationary properties of the individual series are established, linear combinations of the
integrated series are tested for co-integration. If a set of these series (e.g Xt ~ I (Dx), Yt ~ I (Dy) and
Zt ~ I(D2) are integrated of the same order I(P), then they form a co-integrating set. Should a linear
combination of individual non-stationary series produce a stationary data series, then the variables are
co-integrated and unless they co-integrate, they cannot describe equilibrium relationships. If they do
not co-integrate, regression of one I(1) variable to another become spurious. As shown by Granger and
Newbold (1974) such regressions produce high coefficients of determination and t-ratio that are biased
towards rejecting the null hypothesis of no relationship between the variables Estimates obtained from
linear combination of individual series that are properly co-integrated are reliable and consistent and
are fit for describing the steady-state relationships Studies on co-integration methodology along with
tests for evaluating the co-integration properties of a pair of non-stationary series include Engle and
Granger (1987), Johansen (1988) and Juselius (1990).

Johansen (1988) and Juselius (1990) presented a co-integration estimation methodology that
overcomes most of the problems of the two-step approach. This is based on maximum likelihood
estimates of all the co-integrating vectors in a given set of variables and provides two likelihood ratio
tests for the number of co-integrating vectors. The risks associated with climate change lie in the
interaction of several systems with many variables that must be collectively considered. Agriculture
(including crop agriculture, animal husbandry, forestry and fisheries) can be defined as one of the
systems, and climate the other (Sombroek and Gommes, 1995). If these systems are treated
independently, this would lead to an approach which is too fragmentary. The issue is more global. It is
now held as likely that human activities can affect climate, one of the components of the environment.
Climate in turn affects agriculture, the source of all food consumed by human beings and domestic
animals. It must be further considered that not only climate may be changing, but that human societies
and agriculture develop trends and constraints of their own which climate change impact studies must

take into consideration.

Literature Review

Climate constitutes a complex of inter-related variables. On average, through a set of regulatory
mechanisms, a smooth change in one variable triggers smooth changes in others. With the exception
of possible qualitative and abrupt variations, which will be mentioned below, such inter-relations are
independent of atmospheric carbon dioxide (CO2). The latter and other greenhouse gases play a part
largely through their effect on the radiation balance of the atmosphere. There is only a weak link
between such factors as cloudiness and wind. Temperature, evaporation and rain are strongly

correlated. Combined with the projected pressure on land and water use, competition for land and
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water will certainly become a key social and political issue. Climate variability, therefore, is likely to
increase under global warming both in absolute and in relative terms. The rate of change itself is
extremely important. Agro-climatic variables have been considered to be of great importance in food
crop production, given that all crops and livestock have specific climate or weather required for their
survival. Climates are those environmental factors which interact and affect cultivated plant and
livestock (Mcmtosh, 1963).The climate of a place is the average weather condition over a long period
of time say 35 years. Weather however is described as the real atmospheric conditions experienced in
a particular time Ettson (1986). Climate is often associated with the type and geographical extent in
which crops can be grown. Weather is however associated with variation in output at particular times.
Characterizing climatic conditions are fixed and known ranges of thermal, light and moisture
conditions determining animal and plant life. Weather conditions reflect variations in these
parameters. Climate and weather can be proclaimed as the most important determinant factors both for
plant growth and crop productivity. They both influence most of the processes such as solar radiation
which is responsible for energy required for soil warmth, air for metabolic activities, rainfall and its
characteristics in terms of amount, distribution and intensity for dilution of soil nutrients which
determine quality and quantity of crop production. Also, Oguntoyibo et al, 1983) revealed that on an
annual basis in Nigeria, there is a general increase in the sunshine hours from the Atlantic to the
interior and ranging from a minimum of 1300 hours in the Niger Delta to over 3200 hours in the
extreme North-East. The rate of increase is however not constant. Akoroda (1998) has observed that
the maximum possible hour of sunshine in a location is very important in determining the amount of
photosynthesis that can occur in a growing crop this is referred to as photoperiod. It varies slightly
away from the expected 12 hours a day and 12 hours dark period. The variation may be small but it is
this small variation that affects crops to the extent that some will flower and others would not except
the required amount of photoperiod is available. This confirms the statement made by Wittier (1995)
that photoperiod or the length of daylight, while relating to location perhaps more than one climate,
has a significant impact on the responses of many, if not all the crops. From the foregoing, there is
therefore no gainsaying the fact climate variability directly or indirectly affect food crop production

hence the need for the study.

RESEARCH METHODOLOGY
Study Area

The study was carried out in Nigeria. It covered all the ecological regions and agriculturally cultivable
land zones in the country. Nigeria is divided into six main ecological zones. This ecological zoning is
based on agro-climate variation, which is latitudinal across the country spanning the humid through
the sub-humid to the semi-arid zones as one proceeds from the south to the north. The climate is
equatorial and semi-equatorial in nature. There are two seasons in Nigeria, the wet (rainy) and the dry
(harmattan). The wet season lasts from April to October while the dry season lasts from November to

March. The wet and dry seasons are associated with the prevalence of the moist tropical air mass from
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the Atlantic in the northwest and dry tropical continental air mass from the Sahara in the north. During
the year, the boundary between these two air masses, the inter tropical discontinuity (ITD) is gradually
pushed to the north and reaches its northernmost position between latitude 19°N- 20°N in early
September.

Rainfall varies widely over short distances and from year to year. Niger Delta, where the rainy
season is year round, receives more than 4,000mm (160in) of rain each year. Most of the county’s
middle belt, where the rainy season starts in April or May and runs through September or October
receives from 1,000 to 1,500mm (40 to 60in) within this region. The Jos plateau receives somewhat
more rain due to its higher elevation. In the dry savanna regions, rainfall is especially variable over
distance and time. The regions along Nigeria’s northeastern border receives less than 500mm (20in) of
rain per year, and the rainy season lasts barely three months. Temperatures are high throughout the
year, averaging from 250c to 28oc. In the higher elevations of the Jos plateau temperatures average

22°C.

Sources and Methods of Data Collection

Secondary data were used. Data were collected from the Department of Meteorological Services, the
National Bureau of Statistics, Central Bank of Nigeria statistical bulletins and FAOSTAT.

Data were collected on:

(1) Annual outputs of three tuber crops

(i1) Average temperature, rainfall, wind speed, radiation, sunshine hours, evaporation and relative

humidity during the growing periods of each of the crops (1965- 2004)

Analytical Techniques

A number of analytical tools were employed in the study and these include;

Descriptive Statistics: This involves the use of tables, averages and frequencies.

Growth rate: These were used to describe the trend in food crop production and agro-climatic
variables over the study period and to predict future values of food crops.

Growth Rate: Yi -Yia
Yic-1
Where:
Y; = crop yield in year t
Y .1 = crop yield in the previous year (i.e year t -1)

Co-integration and Error Correction Model: Error Correction Modeling (ECM): In order to
achieve long-run equilibrium relationship the second step of Dickey-Fuller (Augmented Dickey-Fuller
— ADF) was applied. Residuals from equilibrium co-integrating regressions were used as an error
correcting regressor (Ec+1, lagged one period) in a dynamic model (Chete, 1998) as shown in the
equation below:

AXt=00 + alYt-1 + a2ut-1 + et
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Where;

Yt-1 = one period lagged independent variable

ut-1 = one period lagged value from residual (i.e. ect-1)

Regression analysis based on co-integration and error correction modeling was used to determine
the long run equilibrium relationship between agro-climatic variables and food crops outputs in

Nigeria. The general form of the model is specified as follows:

AYt=X0+XTAX1t-1+X2AX2t-1+X3AX3t-1+X4AX4t-1+ XSAXSt-1+X6AX6t- 1+XTAXTt-1

+ecmt-1+p

Where;

Yt = Average output of crop i in year t (million metric tones)

X1t = Total rainfall during the growing period in year t (mm)

X2t = Average temperature during the growing period in year t (0C)

X3t =Average relative humidity during the growing period in year t (%)

X4t = Average solar radiation during the growing period in year t (Mj/m2/day)

X5t =Average windspeed during the growing period in year t (kl/hr)

X6t = Average sunshine during the growing period in year t (hr)

X7t = Evaporation during the growing period in year t (mm)

ecmt-1 = Regressor to capture the short-run dynamics

p = Error term

In analyzing the data, an Econometric View package (E-View) was used. Augmented Dickey
Fuller (ADF) statistics was used to test for stationarity for both individual time series and residuals

from Ordinary Least Square regressions.

RESULTS AND DISCUSSION

Figure 1 shows there is a wide gap in minimal and maximal values of all agro climatic variables. The
pattern of trend over the observed periods showed fluctuations in the mean values, which indicated
instability. This has a lot of implications for crop yields and could be responsible for the high incidence
of pest especially in the Southern Nigeria and cloud cover as a result of harmattan dust in the North.
These invariable leads to reduction in the rate of photosynthesis and low yields in crops.

Table 1 show that cassava production had the highest production values while potato had the
lowest. The low production values of potato could be as a result of the limitation in the area of
production. Cassava is grown all over Nigeria and would thrive in any area with limited supply of
rainfall and could also be grown all year round. However, potato could only be grown in very few
parts of Nigeria where conditions are favourable for its production and it is also seasonal. The growth
rates in all the crops considered except potato were positive. However, they all indicate positive trends

which show the adaptability of each of the crops to its production zones the negative growth rate
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indicates that any innovation and/or improvements in the technology of production of potato have not
resulted in any dramatically significant increase in outputs.

Table 2 shows the result of co-integration tests for tuber crops. Most of the variables were non
stationary [{1}] at their levels but attained stationarity at their first levels of difference and/or second
levels of difference, the variables can then be determined directly as to whether or not they are co-
integrated. The results using Johansen test are presented for the dependent variables. The table
revealed that the different food crops had varying numbers of co-integrating vectors. This is an
indication that there was a long-run relationship between the dependent variables and the weather
variables.

Table 3 revealed that relative humidity, rainfall, sunshine and windspeed are all significant weather
variables for cassava yield, significant at10% except windspeed which is at 1%. Also the coefficient of
windspeed is negative indicating an inverse relationship. Windspeed, evaporation, relative humidity,
sunshine and rainfall are the significant weather variables for yam yield. They are significant at 10%,
5% and 10% respectively. However windspeed and relative humidity both have negative coefficients
which suggest an inverse relationship. Windspeed, relative humidity and rainfall were significant at
1%, 5% and 10% levels respectively for potato yield. Population growth and acreage expansion were
highly significant in the yield of all the crops. All other variables are not significant. The error
correction (ECM) variable was rightly signed (negative sign) and highly significant for all the crops.
This is an indication of the existence of long-run equilibrium relationship between the yield of each

crop and the weather variables

CONCLUSION AND RECOMMENDATIONS

The observations registered by this study is that average outputs of all crops covered could be
increased if the relationship between yield and ideal weather conditions is better understood and built
into agricultural policies.
A number of areas of action recommend themselves and will include among others:

B Establishment of agro-climatic data centres
Early warning system
Improvement in farmers’ decision making process (resource allocation etc)
Insurance/protection against flood/drought, Weather-Crop failure

Storage strategies

Credit, price support & price stabilization.

B Extension agencies should be informed.

In line with the above, it is therefore recommended that:

(i) A national record of movements and trends in agro-climatic variables and crop outputs should
be established for continued collection, analysis and timely dissemination of data (to farmers).

(ii)) Control/management measures for these agro climatic variables are necessary for ideal crop

outputs since there is a wide gap in minimal and maximal values of all agro climatic variables.

146



(ii1) Appropriate relevant policies (such as flood, drought yield insurance and extension) should be
applied for sustaining and improving the growth rates of those crops with positive growth rates such as
yam and cassava.

(iv) It is necessary that particular attention be paid to the multi ranged climatic template of
Nigerian agriculture for creating and managing sustainable food production and security.

(v) Agricultural extension agencies should include information on climate change in their education
to farmers.

(vi) Agricultural extension agencies should develop new calendar of work for arable crop farmers,

based on change in climate for sustainable and profitable agricultural production.
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Abstract

The possibility of reducing livestock green house gas emission was studied using nine growing West
African Dwarf sheep to investigate the effect of fat supplementation on the digestibility and nitrogen
utilization of a typical ruminant concentrate diet. Sheep were allotted to diets containing two fat
sources at the inclusion rate of 50g/kg in a completely randomized design. Three concentrate diets
were formulated to include supplementation with fat source as Diets A (concentrate with coconut oil)
and B (concentrate with palm kernel oil) while Diet C is the control (concentrate without any fat
supplementation). Highest (P < 0.05) dry matter digestibility (66.97 g/100g DM) was observed for
sheep fed concentrate with coconut oil supplementation (diet A) followed by sheep on diet B
(63.782/100g DM )while sheep on concentrate diet without fat supplementation (diet C) recorded the
least value of 59.93 g/100g DM. Values for Digestible Nitrogen ranged (P < 0.05) from 9.52 g/day in
diet C to 12.63g/day in diet A. Nitrogen utilization was best (P < 0.05) in sheep on diet A, having
62.53 % retention, followed by 58.14 % in diet B and least for sheep on diet C with 46.39 %. Strategic
supplementation with coconut and palm kernel oils may mitigate greenhouse effect by reducing
nitrogen emission.

Keywords: Concentrate diets, Dry matter digestibility, Fat sources, Green house effect, Nitrogen
digestibility.

INTRODUCTION

The earth is currently facing a period of rapid warming brought on by rising levels of heat-trapping
gases, known as greenhouse gases, in the atmosphere. Greenhouse gases (GHGs) occur naturally, and
without them the planet would be too cold to sustain life as we know it, but since the beginning of the
Industrial Revolution in the mid-1700s, human activities have added more and more of these gases
into the atmosphere (Mastrandrea and Schneider, 2009) therefore resulting in a thickening blanket of
these gases covering the atmosphere and trapping more heat. Of the GHGs, carbon dioxide, methane
and nitrous oxide are the most critical and their contributions from agricultural systems are significant
enough to attract attention.

Agriculture remains the most important sector in the economies of most non-oil exporting African
countries as it constitutes approximately 30% of Africa's GDP and contributes about 50% of the total
export value, with 70% of the continent's population depending on the sector for their livelihood
(CEEPA, 2002). Ruminant livestock systems are a significant source of GHGs. Methane (CHy4) and
nitrous oxide (N,O) are potential greenhouse gases produced from animal production system. Methane
emission from ruminants account for about 16% of total methane emission from the earth and nitrous
oxide emission from animal waste is 6% of total nitrous oxide emission (IPCC, 1995). The major

impact of ruminant livestock contribution to global warming has largely been viewed from the
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perspective of methane production, but nitrous oxide emission, which is an indirect product of their
manure, still portends serious implication especially as nitrous oxide has a global warming potential of
about 300 times that of carbon dioxide while that of methane is just about 30 times more than the same
amount of carbon dioxide and more so that the concentration of nitrous oxide in the atmosphere has
reportedly increased by 18 percent over preindustrial levels (Spedding, 2009; Mastrandrea and
Schneider, 2009).

Nitrous oxide emissions associated with agricultural management, and ruminant production in
particular, can be linked to nitrogen inputs and recycled dietary nitrogen and the major factor
determining total N excretion as manure (faeces and urine) has been linked to total dietary N intake
(Castillo et al., 2000; Yan et al., 2006). Various nutritional strategies aimed at manipulating ruminant
dietary nitrogen and nitrogenous compounds towards improved utilization and efficiency would
therefore go a long way in mitigating the impact of the ruminant livestock production on the
environment. It has been reported by some authors that nutritional management of ruminants for
improved utilization of absorbed nitrogenous compounds will reduce not only the amount of manure N
excreted, but also the portion excreted as more volatile urinary urea N (Frank ez a/., 2002; Reynolds
and Kristensen, 2008). Sutton et al. (1983) reported that a supplementation of linseed or coconut oil
did not alter apparent total tract N digestibility but rather increased the efficiency of rumen microbial
protein synthesis despite suppressing ruminal organic matter and fibre digestion.

Coconut oil has been reported to influence nitrogen utilization in sheep (Machmiiller ez al., 2006).
About 64% of coconut oil consists of medium chain fatty acids, containing 8, 10, or 12 carbons
(Armstrong, 2005). Information on the use of palm kernel oil as fat supplement for ruminant feed is
scarce. Palm-kernel oil has been reported to resemble coconut oil in its physical content (Redmond,
2008).Coconut and palm kernel oils were reported to contain same levels of energy (3607 KJ) and
total lipids (100) per 100g edible portion (USDA, 2004) and similar fatty acid compositions with the
major difference being in their oleic acid composition where coconut oil has 6g /100g and palm kernel
oil has 15g /100g (Zamora, 2005).

The objective of the present study was to assess the effect of palm kernel oil in the feed of WAD
sheep, as substitute or complement to coconut oil, being a possible nutritional management strategy in

reducing nitrogen emission.

MATERIALS AND METHODS

Nine growing WAD sheep with a mean weight of 10.33 + 0.33 kg were subjected to three dietary
treatments in a completely randomized design. Diet A contains Coconut oil — supplemented
concentrate, while Diet B contains Palm kernel oil — supplemented concentrate and Diet C contains
concentrate without any fat supplementation. Feeding of the animals was done at 5% body weight,
comprising 2% Concentrate feed and 3% Panicum maximum (basal diet). Sheep were adapted for a 14
— day period before the commencement of the experiment, to enable the animals adjust to the new diet.

The animals were housed in separate wooden metabolic cages of 60 x 12 cm” dimension. Coconut and
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palm kernel oils were included in the concentrate diet at 50g/ kg. The duration of the experiment was
14 days. Parameters measured during the feeding trial included feed intake, faecal and urine outputs.

Collection of refusals was done 24 hours after feeding and faecal and urine samples collection was
done every morning before feeding, from where representative samples were taken and stored in the
refrigerator until the end of the experiment for laboratory analysis. Faecal samples were dried to
constant weights in a force — draught oven, at 60°C for 96 hours. At the end of the study, proximate
analysis of the samples was carried out according to the procedure of AOAC (2000). Fibre analysis
was done using the method of Van Soest ez al. (1991) as modified by Nahm (1992).

Digestibility values were obtained by the difference in the Total feed intake and Faecal output
divided by the Total feed intake. Nitrogen balance was obtained by subtracting the values of Faecal
nitrogen and Urinary nitrogen from the Nitrogen intake, while Nitrogen retention was obtained by
dividing Nitrogen balance by Nitrogen intake.

All data generated were subjected to a one —way classification method of SAS (2007), using

Duncan’s New Multiple Range test of the same package to determine the level of significance.

RESULTS AND DISCUSSION

The gross composition of the concentrate diets is shown in Table 1. All ingredient items for the three
diets were similar except for the inclusion of fat sources in Diets A and B which made the wheat offal
content of Diet C to increase by almost 17%. The Wheat offal increase was expected to make up for
the assumed upsurge in the energy content of Diets A and B due to the fat supplementation (USDA,
2004; Zamora 2005; Redmond, 2008) but the chemical analysis of the diets’ composition (Table 2)
showed Diet C to contain the least (P < 0.05) ether extract of 3.1% although the difference between the
ether extract values of Diets B and C was not significant (P > 0.05). Expectedly, the fat

supplementation did not alter (P > 0.05) the protein content of the three diets significantly.

Table 1: Gross composition (g/ 100g) of the concentrate diets

Feed ingredients Diet A Diet B Diet C
Maize 10.00 10.00 10.00
Soybean joff 24.75 24.75 24.75
Wheat offal 30.00 30.00 35.00
Brewers’dry grain 20.00 20.00 20.00
Coconut oil 5.00 - -
Palm kernel oil - 5.00 -
Cassava peel 10.00 10.00 10.00
Salt 0.25 0.25 0.25

Diet A = Coconut oil supplementation; Diet B = palm kernel oil supplementation; Diet C = No oil

supplementation
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Table 2: Chemical composition (g/ 100 g) of the concentrate diets

Parameter Diet A Diet B Diet C SEM
Dry matter 73.62b 73.99b 86.61a 2.14
Crude protein 23.01a 22.87a 22.58a 0.26
Ether extract 3.80a 3.34b 3.10b 0.11
Ash 14.39b 12.51c 18.55a 0.90
NDF 41.95¢ 46.79a 43.42b 0.73
ADF 16.69b 20.90a 15.32¢ 0.85

Diet A = Coconut oil supplementation; Diet B = palm kernel oil supplementation; Diet C = No oil

supplementation

Inclusion of the fat sources was observed to influence the dietary consumption of the sheep as
reflected in their total feed intake (Table 3). The reason for this increased intake could be deduced
from the physical appearance as well as the fat composition of the fat — supplemented diets (Zamora,
2005; Redmond, 2008). Addition of the oils conferred a distinct aromatic influence on diets A and B
which could be said to have stimulated the sheep appetite to consume more feed than their counterpart
on Diet C. The total feed intake of the animals on diets A and B were similar (P > 0.05)
notwithstanding the slight variation in their grass intake.

Sheep on the fat — supplemented diets recorded better (P < 0.05) digestibility values compared to
the concentrate diet without any fat supplementation (Diet C) but of the two fat sources, diet A
containing coconut oil was better ( 66.97 g/100g DM). The better digestibility of the fat —
supplemented diets might be as a result of their fatty acid composition which are mostly Medium
chain (MCFAs) and these have been reportedly to be rapidly metabolized on consumption (Armstrong,
2005; Zamora, 2005) while the difference in the digestibility of Diets A and B could only be traced to

their Oleic acid contents, which is a monounsaturated fat.

Table 3: Digestibility of the concentrate diets by WAD sheep

Parameter Diet A Diet B Diet C SEM
Concentrate intake (g/day) 248.89a 245.14a 231.67b 2.66
Grass intake (g/day) 362.94b 367.22a 295.70c 11.59
Total feed intake (g/day) 611.83a 612.36a 527.37b 14.13
Faecal output (g/day) 202.09¢ 221.80a 211.31b 2.89
Urine output (ml/day) 244.00b 261.07ab 279.43a 5.63
Digestibility (g/100g DM) 66.97a 63.78b 59.93c 1.03

Diet A = Coconut oil supplementation; Diet B = palm kernel oil supplementation; Diet C = No oil

supplementation
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Table 4: Nitrogen utilization of the concentrate diets WAD sheep fed

Parameter Diet A Diet B Diet C SEM
Concentrate ~ Nitrogen  intake 9.16a 8.97a 8.36b 0.26
(g/day)

Grass Nitrogen intake (g/day) 6.24a 6.32a 5.09b 0.29
Total Nitrogen intake (g/day) 15.40a 15.29a 13.62b 0.30
Urinary nitrogen (g/day) 2.73b 2.27¢ 3.18a 0.13
Faecal nitrogen (g/day) 3.04b 4.12a 3.93a 0.17
Digestible Nitrogen (g/day) 12.63a 11.17b 9.52¢ 0.45
Nitrogen balance (g/day) 9.63a 8.89b 6.24c 0.52
Nitrogen utilization (%) 62.53a 58.14b 46.39c 2.41

Diet A = Coconut oil supplementation; Diet B = palm kernel oil supplementation; Diet C = No oil

supplementation

Table 4 presents the result of the nitrogen utilization of the concentrate diets by the WAD sheep.
Nitrogen intakes of the animals on fat — supplemented diets (Diets A and B) were higher than those on
Diet C. Urinary and Faecal nitrogen outputs were least (P < 0.05) in animals on Diet A (2.73 g/day and
3.04 g/day respectively). Digestible nitrogen increased (P < 0.05) from 9.52 g/day in Diet C to 12.63
g/day. Nitrogen balance and Nitrogen utilization followed similar pattern, being least in Diet C and
highest in Diet A.

Result of the present study was contrary to the earlier report on fat supplementation that suggested
fat to be associated with a reduction in ruminal fibre degradation and sometimes organic matter
degradation due to the fact that fat is not fermentable (Macmiiller ez al., 1998; Fievez et al., 2003) but
Armstrong (2005) had reported that Medium chain fatty acids are largely broken down by saliva upon
ingestion. Coconut oil and Palm kernel oil are mostly made of MCFAs. The better nitrogen utilization
of the fat — supplemented diets also agreed with the work of Sutton ez al., (1983) who reported a
supplementation of linseed and coconut oil to increase the efficiency of rumen microbial protein
synthesis.

The better results obtained for the coconut oil — supplemented diet may be as a result of their
unsaturated: saturated fatty acid ratio which is 0.1 in coconut oil and 0.2 palm kernel oil (Zamora,

2005).

CONCLUSION

The present study compares the effect of palm kernel oil to that of coconut oil in reducing nitrogen
emission in the context of faecal and urine output, while as well influencing the feed intake of WAD
sheep. Fat supplementation in the feed of the WAD sheep improved the digestibility of the animal’s
feed and also nitrogen utilization by the WAD sheep feed. Inclusion of coconut oil in the concentrate

of the WAD sheep resulted in better performance than palm kernel oil.
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Improved nitrogen utilization translates to a reduction in nitrogen emission which would slow

down the rate of nitrous oxide build up, thus resulting in the mitigation of greenhouse gases.

References

AOAC (2000). Official methods of analysis. Association of Official Analytical chemists. 17th edition.
Gaithersburg, Maryland, USA, AOAC International.

Armstrong, E. Coconut Oil: Miracle Medicine and Diet Pill.
http://www.treelight.com/health/nutrition/CoconutQOil.html

Castillo, A. R., Kebreab, E. Beever, D. E. and France. J.(2000). A review of the efficiency of nitrogen
utilisation in lactating dairy cows and its relationship with environmental pollution. Journal of
Animal Feed Science. 9:1-32.

CEEPA (2002). Centre for Environmental Economics and Policy in Africa. Climate change and
Agriculture in Africa. http://www.ceepa.co.za/Climate_Change/index.html

Fievez, V., Dohme, F. Daneels, M., Raes, K. And Demeyer, D. (2003). Fish oils as potent rumen
methane inhibitors and associated effects on rumen fermentation in vitro and in vivo. Animal Feed
Science Technology .104: 41 — 58.

Frank, B., Persson, M. Gustafsson, G. (2002). Feeding dairy cows for decreased ammonia emission.
Livestock Production Science. 76: 171 —179.

IPCC (1995).IPCC Climate change. Intergovernmental panel on climate change. Cambridge
University press.

Takahashi, J., Young, B. A., Soliva, C. R and. Kreuzer, M. (2001). Greenhouse gases and animal
agriculture. Proceedings of the 1st International Conference on Greenhouse Gases and Animal
Agriculture, Obihiro, Japan, 7-11 November, 2001 J. Takahashi, B. A. Young, C. R Soliva and M.
Kreuzer (editors).
http://www.elsevier.com/wps/find/bookdescription.cws_home/638964/description#description

Machmiiller, A., Ossowski, D.A. and Kreuzer, M. (2006). Effect of supplementation on nitrogen
utilization of lambs and nitrogen emission from their manure. Livestock Science 101: 159 — 168.
Machmiiller, A., Ossowski, D.A., Wanner, M. and Kreuzer, M. (1998). Potential of various fatty feeds
to reduce methane release from rumen fermentation in vitro (Rusitec). Animal Feed Science
Technology 71: 117 — 130.

Mastrandrea, M. And Schneider,S.H. (2009). Microsoft Encarta 2009. 1993-2008 Microsoft
Corporation

Nahm, K.H. (1992). Practical guide to feed, forage and water analysis (Accurate analysis with
minimal equipment). Yoo Han Publishing Inc., Seoul, Korea Republic, 269 pp.

Redmond, W.A.(2009). "Palm Oil." Microsoft Encarta 2009. Microsoft Encarta 2009. 1993-2008
Microsoft Corporation.

Reynolds ,C. K. and Kristensen, N. B. (2008). Nitrogen recycling through the gut and the nitrogen
economy of ruminants: An asynchronous symbiosis. Journal of Animal Science. 86:E293-E305.

SAS (2007). Statistical Analysis System, SAS/ STAT User’s guide, SAS Institute Inc., Cary, North
Carolina, U.S.A.

Spedding, A. (2009). Ruminants and greenhouse gases. RuSource Briefing 812.
http://www.arthurrankcentre.org.uk/projects/rusource_briefings/rus09/812.pdf

Sutton, J.D., Knight, R., McAllan, A.B. and Smith, R.H. (1983). Digestion and synthesis in the rumen
of sheep given diets supplemented with free and protected oils. British Journal of Nutrition. 49:
419 —432.

USDA (2004). National nutrient database for standard reference, Release 16-1, United States
Department of Agriculture.

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. (1991). Methods for dietary fiber, neutral detergent
fiber and non — starch polysaccarides in relation to animal nutrition. J. Dairy Sci. 74: 3583 — 3597

Yan, T., Frost, J. P. Agnew, R. E., Binnie, R. C. and Mayne, C. S. (2006). Relationships among
manure nitrogen output and dietary and animal factors in lactating dairy cows. J. Dairy Sci.
89:3981-3991.

154



Zamora, A. (2005) Fats, Oils, Fatty Acids, Triglycerides.
http://www.scientificpsychic.com/fitness/fattyacids1.html

155



GENETIC FINGERPRINTING OF NIGERIAN POPULATION OF XANTHOMONAS
AXONOPODIS PV MANIHOTIS USING AMPLIFIED FRAGMENT LENGTH
POLYMORPHISM

OGUNJOBI A.A; and FAGADE O.E

Environmental Microbiology and Biotechnology unit,
Department of Botany and Microbiology,
University of Ibadan, Nigeria
E mail: aaogunjobi@hotmail.com

Abstract

Xanthomonas axonopodis pv manihotis (Xam) is the causal agent of cassava bacterial blight (CBB) in
all cassava growing areas of the world. To develop an efficient disease management strategy, the
genetic diversity of the pathogen’s population ought to be known. Information is scarce on the genetic
diversity of Xanthomonas axonopodis pv manihotis population in Nigeria.

We characterized the bacterial population in Nigeria with Amplified Fragment Length
Polymophism. A total of 74 bacterial strains were characterized which include sixty eight (68)
Xanthomonas axonopodis pv manihotis (Xam), four (4) Xanthomonas axonopodis pv cassavae (Xac, a
yellow variant of the bacteria) and two (2) reference strains of Xanthomonas campestris pv
malvacearum. The results obtained showed a significant variation in the pathogen population
structure with this molecular marker technique. Ten clusters were identified at 60% similarity
coefficient on the dendrogram separating the yellow variants from the non-pigmented strains. The
Principal Component Analysis results grouped the bacterial population into 5 clusters, separating the
yellow variant also in cluster 4. The diversities observed were not regionally influence or agro-
ecologically determined. The diversity observed in this study revealed the secret behind the usual
breakdown of resistant to CBB in suggested resistant cassava cultivars. Therefore, monitoring the
bacterial population through regular diagnostic surveys of all ecological zones in the country is
proposed for effective surveillance of the disease for proper control measures.

Keywords: Genetic diversity, DNA, Agro-ecological zones, AFLP and bacteria

INTRODUCTION

Cassava (Manihot esculenta Crantz) is a major staple food for more than 500 million people living in
Africa, South America, and Asia. Sub-Saharan Africa is the largest cassava producer in the world with
over 82 million tonnes /annum (Fauquet and Fargette, 1990; FAO, 1996). Cassava is important in the
world yet a major biotic constraint to its production is cassava bacterial blight caused by Xanthomonas
axonopodis pv manihotis. It is estimated that the disease can cause 80% losses in root and aerial
products of the plant in susceptible varieties (Dixon et al., 2002 Lozano, 1986).

The characterization of pathovars of X. campestris is currently based on host and symptom
specificity and remains difficult, particularly when the host plant of a Xanthomonas is not known and
also with the non-pathogenic Xanthomonas, which occur epiphytically on healthy or diseased plants
(Hilderbrand et al., 1990; Vauterin et al., 1990; Ogunjobi 2005). An illustration is given by the
Xanthomonadin-producing strains of X. campestris that have been isolated from cassava leaves in

Colombia. On the basis of different analyses, these Colombian isolates were found to be related to X.
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campestris pv cassavae (Elango et al., 1981), X. campestris pv manihotis (Kimura and Dianese, 1983;
Dos Santos and Dianese, 1985) and X. campestris pv peinsethicola (Van den Mooter ef al., 1987).

In the past decade, various methods have been developed for the identification and typing of
prokaryotic and eukaryotic organisms at the DNA level. These methods differ in their taxonomic
range, discriminatory power, reproducibility, and ease of interpretation and standardization (Maslow et
al., 1993; Van Belkum, 1994; Morel, 1997). Molecular approaches based on DNA polymorphisms
have been developed for the taxonomic study of plant-pathogenic bacteria. Rapid methods based on
specific PCR amplification have been used recently for the detection and identification of
Xanthomonas species (Pan et al., 1997). Restriction Fragment Length Polymorphism (RFLP) analysis
is a highly discriminative method currently used to describe the pathogen population structure
(Verdier et al., 1994). Different probes could be used to detect and differentiate restriction
polymorphisms in the pathogen genome. Also, rRNA genes have highly conserved sequences, and
their potential usefulness in the identification and phylogenetic studies of bacteria has been
demonstrated (Grimont et al., 1989; Berthier et al., 1993). Specific sequences from genomic or
plasmid DNA, such as repetitive elements and insertion sequences have provided useful probes for the
assessment of genetic diversity and also allowed a better understanding of the pathogen population
structure (Gabriel et al., 1988; Cook et al., 1991; Qhobela and Clafflin, 1992; Berthier et al., 1994).
Both ribotyping and RFLP analysis with the use of different DNA probes have facilitated the study of
the population structure of X. campestris pv manihotis (Verdier et al., 1993). However, recent genetic
diversity of X. campestris pv manihotis was mainly characterized by RFLP analysis, using the
pathogenicity gene (pth B) as the RFLP probe (Restrepo and Verdier, 1997; Verdier et al., 1993). This
technique is more precise and discriminative than those of RFLP analyses using genomic probes
(pBS6 and pBS8) or ribotyping (Verdier ef al., 1993; Restrepo and Verdier, 1997).

The genetic variability studies on X. campestris pv manihotis with RFLP revealed that the African
strains are homogeneous whereas in South America the pathogen is highly diverse (Verdier et al.,
1994). This is to be expected since the manihot genus originates from South and Central America
where the centers of diversity are in Brazil and Mexico (Rogers and Appan, 1973). Nevertheless,
recent RFLP analysis of African strains with a plasmid probe (pth B) did distinguish different
haplotypes (Assigbetsé et al., 1998). The appearance of new RFLP types of X. campestris pv
manihotis in Africa may explain the observed breakdown of resistance in some improved cassava
cultivars (Assigbetsé et al., 1998). Moreover, the sequence with which the pathogenicity gene (pth B)
hybridizes has the major disadvantage of representing a minute portion of the genome containing
genes that are subject to strong natural selection (Leung et al., 1993). To avoid possible bias, the
population structure should be inferred from neutral markers that are distributed randomly throughout
the genome (Janssen and Dijkshoorn, 1996). The ideal genotyping method produces results that are
invariable from laboratory to laboratory and allows unambiguous comparative analyses and the

establishment of reliable databases.
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One of the newest and most promising methods is Amplified Fragment Length Polymorphism
(AFLP) analysis (Vos et al., 1995), developed by Keygene BV, Wageningen, The Netherlands. This
method combines universal applicability with high powers of discrimination and reproducibility
(Janssen et al., 1996). An increasing number of reports describe the use of AFLP analysis for plant and
animal genetic mapping, medical diagnostics, phylogenetic studies, and microbial typing.

Amplified Fragment Length Polymorphism (AFLP) is a recently developed technique for the
fingerprinting of plant, bacterial, fungal and nematode genomes (O’Neil ef al., 1997; Folskerstma et
al., 1996; Lin et al., 1996; Vos et al., 1995). The advantages of this technique in characterising a
microbial population are the extensive coverage of the genome under study (Jansen et al., 1996) and
the fact that the complexity of the AFLP fingerprint can be advantageously managed by adding
selective bases to the primers during PCR amplifications (Vos ef al., 1995). For the bacterial genome,
the AFLP method has been evaluated in microbial taxonomy (Vaneechoutte, 1996), in diversity
studies of human pathogenic bacteria (Picardeau ef al., 1997), and in characterising plant pathogenic
bacteria at the pathovar level (Bragard et al., 1997). Janssen et al. (1996) also demonstrated the high
resolution of AFLP in characterising bacterial strains at the sub-generic level. However, until now,
only a few molecular analyses have been conducted on this species of Xanthomonas in Africa.
Restriction Fragment Length Polymorphism (RFLP) and Random Amplified Polymorphic DNA
(RAPD) were used to evaluate the genetic diversity among Xanthomonas axonopodis pv manihotis
from Africa (Assigbetsé et al., 1998). Amplified Fragment Length Polymorphism has not been
applied to the African population of Xam and the genetic variability of the Nigerian population of the
causal agent of cassava bacterial blight has not been studied extensively.

We know that a durable resistance-breeding program requires that the pathogen’s population
structure should be well known. To verify the genetic homogeneity of the African population, we
needed a molecular technique that can detect smaller sequence variations than the RFLP technique.
This study thus focuses on characterising Xanthomonas axonopodis pv manihotis population from

Nigeria, the largest cassava producing country globally (FAO, 2000), with AFLP.

MATERIALS AND METHODS

Bacterial Strains and DNA Isolation: All the X. axonopodis strains were obtained from the diseased
plants in the survey of all agro-ecological zones of Nigeria conducted in the year 2000 (Ogunjobi et
al., 2001). Two reference strains from the German Collection of Microorganisms and Cell Cultures
(DSMZ) were also included. The bacteria were cultured on yeast extract dextrose peptone agar
(YDPA) containing 5g yeast extract, 10g dextrose, 5g peptone and 15g agar per litre of distilled water
(pH 7.2).

A total of 74 bacterial strains were characterized which included sixty eight (68) Xanthomonas
axonopodis pv manihotis (Xam), four (4) Xanthomonas axonopodis pv cassavae (Xac, a yellow variant

of the bacteria), and two (2) reference strains of Xanthomonas campestris pv malvacearum. The
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bacteria were cultured and maintained on yeast extract dextrose peptone agar (YDPA) containing 5g
yeast extract, 10g dextrose, 5Sg peptone, and 15g agar / L of distilled water (pH 7.2).

Extraction of genomic DNA of bacteria: The cells of the bacteria were harvested from 1.5ml of a
suspension of cells by low speed centrifugation at 1200xg for 2 min. The pellet was washed in 1ml of
5M NaCl and once in 1ml TE buffer (10mM Tris-HCI, 1mM EDTA (pHS8)). Genomic DNA was
extracted by the method of Sambrook ez al. (1989) The DNA quality was checked on agarose and
quantified with DNA fluorometer (model TD-700).

Polymerase Chain Reaction (PCR) amplification: All PCR reactions were performed in a total
volume of 25 using 20-50 ng DNA.

The Genomic DNA was quantified and diluted to 50ng/ul. The AFLP marker was assayed as
previously described by Restrepo et al. (1999), with some modification. About 15ul of the diluted
DNA was digested with EcoR1 and Msel restriction endonucleases simultaneously. EcoR1 has a 6-bp
recognition site while Msel has a 4-bp recognition site. When used together, these enzymes generate
small DNA fragments that will amplify well and are in the optimal size range (<1kb) for separation on
denaturing polyacrylamide gels. The digested samples were then ligated at 20 °C for 2 hours to the
respective adapters. Ten microlitre of the ligated mixture was added to 90ul TE buffer and mixed well.
Five microlitre of the ligation reaction dilution was pre-amplified for 20 cycles at 94 °C for 30 sec; 56
OC for 60 sec; 72 °C for 60 sec and soaked temperature was 4 °C. In the first reaction, genomic DNA
was pre-amplified with AFLP primers with no selective nucleotides (Primers E+0; M+0) [GIBCO
BRL products]. The PCR products of the pre-amplification reaction were diluted in ratio 1:50 and Spl
of this was used as the template for the second amplification using two AFLP primers containing
either zero, one or two selective nucleotides. This reaction mixture was introduced into PCR machine
and run as follows: 23 cycles of 94 °C for 30 sec; 56 °C for 30 sec; 72 °C for 60 sec; soaked
temperature was 4 °C. After the selective amplification, the PCR products were mixed with an equal
volume of loading buffer (formamide dye; 98% formamide, 10mM EDTA, bromophenol blue, xylene
cyanol). This was heated in the PCR machine to denature DNA at 95 °C for 3 min. and immediately
placed on ice to chill.

Six percent polyacrylamide gel (20: 1 acrylamide: bis; 7.5 M Urea; 0.5X TBE buffer) with 0.4 mm
spacers and sharks-tooth combs was prepared on a glass plate gel. The gel was pre-electrophoresed at
constant power (Bio RAD, Model: 3000Xi computer controlled electrophoresis power supply) for
between 20 and 30 min. About 5ul of each sample were loaded on the gel and electrophoresed at
constant power of 60 W until xylene cyanol (a slower dye) was two-thirds down the length of the gel.
The takes about two hours. Thereafter, the gel was stained in silver staining solution and de-stained in
double distilled H,O. The plates were left to dry at room temperature overnight. The gel was scored

for polymorphism on fluorescent light pack and scanned for record purposes.
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RESULTS

Analysis of 68 Xanthomonas axonopodis pv manihotis, 4 Xanthomonas axonopodis pv cassavae and 2
Xanthomonas campestris pv malvacearum strains showed a total of 405 AFLP bands from the eight
primer combinations, (only clearly recognized and visible bands were considered). Bands obtained /
strain on a glass plate polyacrylamide gel were between 30 and 70 fragments, ranging from 30 to 360
bp (Plate 1). However, a high number of bands / primer combinations were monomorphic and
therefore were not considered in the analysis. Only 211 bands (52 %) that were polymorphic
fragments were considered for the Principal Component and phylogenetic tree analysis.

When the 211 polymorphic AFLP bands were used for the cluster analysis using the Un-weighted
Pair Group Arithmetic Means Analysis (UPGMA) program of NTSYS-PC (version 2.02j), a high level
of polymorphism was shown in the pathogen population. The set of 74 strains was classified into 10
clusters using 60% similarity coefficient as a cut-off point. Cluster 1 is the largest containing 35
strains across different ecological zones in Nigeria (Fig 1). Clusters 1 and 2 contained 47 strains
representing 63.5 % of the entire bacterial strains.

The yellow strains isolated in this study were grouped together in cluster 8, having a similarity
coefficient of 70 %. Two of the yellow strains (70 and 72) were more closely related than the other
two (69 and 71) showing 97 % (data not shown) level of closeness. These four species showed a very
distinctive pattern and the level of similarity among them was 68 %. The Xanthomonas campestris pv
malvacearum (Xcm) (73 and 74) used as reference organisms were more closely related than the
pathogen of cassava, having a similarity coefficient level of 95 %. These reference strains were
grouped together with other 10 strains in cluster 2 with a similarity coefficient value of 64 %. The Ten
other strains in the cluster 2 were 58, 59, 61, 60, 62, 64, 63, 65, 66, and 67.

The PCA assembly summed up the bacteria into five clusters and one of the strains stood out from
the others. Cluster 1 appear to be more identical than others in that there is more overlapping among
the strains compared to other clusters (Figure 2) Isolate 2 was separated in the PCA analysis showing a
strong variation from other strains of Xam isolated in this study. The Principal Component Analysis
(PCA) shows a distant relationship of strain 69 from other yellow variants.

Table 1 revealed the regional distribution of the bacteria within the clusters. Cluster 1 of the
dendrogram contained isolates from all the agro-ecological zones, indicating that the distribution of
the bacteria is not agro-ecologically influenced. Cluster 2 contained ten strains from all the eco-zones
except the humid forest; cluster 3 grouped together three strains from the humid forest. Cluster 8
contained the yellow variants that were isolated only from cassava plants in the arid and semiarid

agro-ecological areas. Cluster 2 grouped the reference strains together with the Xam strains.

DISCUSSION

The results of the AFLP analysis effectively and efficiently provided quantitative estimates of genetic

similarities related to the distribution of variability among Xanthomonas axonopodis pathovars. A
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higher level of polymorphisms (52 % polymorphic bands) was shown in the pathogen population
structure with this molecular technique. A total of 211 polymorphisms were detected using eight
combinations of selective primers. The Xam strains were grouped into ten separate clusters in this
study at a similarity coefficient level of 60 %. The use of different sets of restriction enzymes or of
more and different sets of primer combinations can dramatically increase the number of
polymorphisms detected in this Xam population (Ogunjobi et al., 2007a; Restrepo 2004). AFLP
molecular technique therefore allowed the discrimination of closely related bacterial strains and was
able to detect differences of minutia smallness. Bacterial genomes have been shown to be relatively
small and, in general, one selective base for both primers yields scoreable banding patterns (Janssen et
al., 1996; Ogunjobi 2005). This agreed with the report of Vos et al. (1995) that AFLP was an
extremely useful and reliable technique for detecting polymorphism in bacterial populations and its
reproducibility was very high. A complex and informative fingerprint can become useful by making
small changes in the primer sequence. Restrepo ef al. (1999) confirmed that a suitable choice of
restriction enzymes and the number and base composition of selective bases determined the usefulness
and applicability of AFLP fingerprints in diversity studies.

Strain 2 was highly heterogeneous in genetic composition compare to other non-pigmented strains,
and was observed to be the least virulent among the bacteria in the pathogenicity experiment
conducted on the isolates (data not shown) (Ogunjobi 2005). The information provided with this
molecular marker technique revealed the ability to distinguish between pathogenic characters within
the population of Xam

This signifies that the Xam population in Nigeria was not homogeneous, as other recent studies
have shown (Ogunjobi et al., 2006; 2007a) contrary to earlier information by some workers who
reported homogeneity in African population of the bacteria and that heterogeneity was limited to
South American countries where cassava was said to be indigenous (Ikotun, 1975; Persley, 1980;
Verdier, 1988; Restrepo and Verdier, 19970gunjobi et al., 2007b). However, some workers have
reported that different haplotypes of the bacteria have been isolated in Africa (Assigbétsé et al.; 1998)
where they presumed that the genetic variability observed within Xam population might result from
the host selection pressure. If characterization of the bacterial population with different methods would
yield similar results, it is reasonable to conclude that there are differences in the genetic properties of
the pathogen population in Nigeria. Restrepo ef al. (2004) reported that the population structure of
Xanthomonas axonopodis pv manihotis was unstable due to the observed disappearance of some
haplotypes and sudden appearance of other haplotypes and pathotypes in Colombia; the predominant
haplotype also changed. The sudden breakdown of resistance in cassava to this disease has been linked
to this onset of new, undiscovered haplotypes of the bacteria. Instability in Xanthomonas axonopodis
pv manihotis due to mutation has been reported by Stolp et al. (1965) and Restrepo et al. (2004). With
this background knowledge that the population structure of Xanthomonas axonopodis pv manihotis, is
precarious the observed heterogeneity in the Nigerian population of Xam should be expected. AFLP

analysis revealed an observable diversity between the genetic structures of Xanthomonas axonopodis
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pv manihotis and Xanthomonas axonopodis pv cassavae. The yellow variant in cluster 8 had a distant
relationship of 55 % coefficient level of similarity in the dendrogram with the non-pigmented Xam
strains. This possibly confirmed that the two bacterial species are not the same pathogenic entity at the
molecular level. However, the two pathovars initiate similar infectious symptoms on susceptible
cassava plants on the field and in the screen-house experiment (Maraite 1993). The Yellow variants of
this bacterial strain were, however, restricted to one agro-ecological zone in Nigeria. Efforts should be
made to hinder the spread of this yellow variant of the bacterial strain to other zones of the country.
The diversities observed were not regionally influenced or agro-ecologically determined as most of the
strains within a cluster were not from the same ecological zone. This precludes the possibility of
developing a regional resistance program for all the pathogenic isolates in a region. A strategy for
controlling the spread and damaging effect of the pathogen at a country level must be encouraged and
embarked on.

If new pathotypes appear in the population, these must be characterised and included in the set of
strains used for screening cultivars to be deployed. In other host-pathogen systems, the most widely
used method for characterising the pathogen population has been virulence analysis, using a set of
differential cultivars of the host. However, pathotyping analysis does not always reflect the complete
genetic structure of a population because of dependence on the host genotype used. The analysis of
genetic variability through molecular markers can reveal the potential for change and the phylogenetic
relationships within the population. A combination of virulence investigation and molecular genetic
characterisation is therefore necessary and useful for the evaluation of existing biodiversity among
strains of Xam in Africa to determine the true knowledge of the state of this pathogen in the continent.
Knowledge of pathogen population structure is essential for us in formulating long-term disease
management plans. Also information on pathogen diversity can be used in characterising, developing,

and deploying resistant germplasm.
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Abstract

The study investigated the correlation between the extractable metals and the physico-chemical
properties of soils in some parts of Ife-Ijesha area, of southwestern Nigeria. Surface (0-15cm) and sub-
soil (15-30cm) samples were analyzed for the extractable metals, the pH, organic matter and the
particle size distribution. Results indicated that the physico-chemical properties of the soils varied with
soil types, and that the pH ranged from 4.80-7.36, while the organic matter(OM) content for all the
soils was less than 5%. The pH and organic matter content of the soils decreased with depth in most
cases. The extractable metal concentrations of the soils decreased with soil depth for most of the soils
and the mean level of the extractable metals was within the ranges considered “non toxic” to plants.
The result of the correlation tests between extractable metal concentrations and selected soil
properties, showed that there was no significant correlation between the extractable metals and the
soil pH except for Zn-pH (0-15cm) and Mn-pH (15-30cm) in which the correlation was significant at
P< 0.05. In the top soil, only Mg was negatively correlated with sand at P< 0.05 while at 15-30cm Cu
(P< 0.05), Fe (P< 0.05), Mg (P< 0.05) and Al (P< 0.05) correlated negatively with sand. At both
depths, none of the metals correlated significantly with silt. Ni, Cr, Al, Fe, Mg correlated significantly
with clay. Cu was also significantly correlated (P< 0.05) with clay at 15-30cm depth.

Keywords: Extractable metals, Physiochemical properties, Soil, P, OM, Nigeria
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INTRODUCTION

The Ife — Ilesa schist belt of southwestern (sw) Nigeria (Fig. 1) forms part of the schist belts of the
Nigerian basement complex. Soil is an essential component of terrestrial ecosystems because the
growth of plants and biogeochemical cycling of nutrients depend upon it. Of the total area of the
world’s land mass (13.07x10° ha), only 11.3 % is cultivated for crops; permanent grazing occupies
24.6 %, forest and woodland 34.1 % and ‘ other land’ including urban / industry and roads, account for
31%. From a resource perspective, soil is vitally important for the production of food and fibre crops
and timber and it is therefore essential that the total productive capacity (quality and quantity) of the
world’s soils is not impaired. Soil pollution can also be a hazard to human health when potentially
toxic substances move through the food chain or reach groundwater used for drinking water supplies.
We have earlier carried out a study of gross trace element concentrations of the soils of this area.
Our results show that trace element concentrations of most of the soils of Ife / Ijesa area are within
normal limits and the fact that the trace element levels in the surface soils is higher than sub — surface

soils are attributed to applications of some fungicides and fertilizers for agricultural purposes in the
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area. The anomalously high trace element concentrations in one of the sample areas are attributed to
previous mining activity.

However, previous studies have shown that extractable (available form) metal concentrations of
soils and waters are more important than their gross concentrations for plant mineral uptake and
general environmental pollution considerations Wagner et al (2008). In fact the report of the work
done by Wagner ef a/ (2008) showed that Mn at the water — sediment interface was found mainly in
the available or exchangeable fraction, adsorbed on Fe and Mn oxides. Contrary to Fe, Mn was
determined in high concentrations in the available form. In some of these studies, relationships have
been established between extractable metal concentrations and soil microbial activity as well as some
physico — chemical properties.

It has been suggested that metals become less available when sludge is added to soil. (Logan and
Page, 1989; Chang et al., 1984).

Nevertheless, the importance of the chemical form of metal on plant uptake or movement in soil
was best illustrated in the peer review of standards for the disposal of sewage sludge (Logan and Page,
1989). Trace metals in a form (that is soluble in the soil solution) are much more available for plant
uptake and potential toxicity than those held in the sludge organic matrix. Babera (1987) found that
the application of compost to agricultural soils increased both the total and the available
concentrations of some metals in the soil. In another study, (Korcak, et al., 1979), diphenytriamine
pentaacetic acid (DTPA) extractable Zn, Ba, Cd, and Ni were monitored throughout a 2, 4-year
experiment where compost was added to a sandy soil- Extractable Cd, Zn, and Cu decreased with
time, indicating increased retention with time, while soil Ni extractability tended to increase with time.
Organomineral interactions were characterized by Vedy et al. (1986) by a granulometric fractionation
and by chemical extractions for compost enriched with trace metals. The granulometric fractionation
indicated that, in general, higher concentration of metals were found in finer particle sizes (< 50pum),
while chemical extraction suggested that both Cu and Zn were strongly associated with organic matter
(67 to 88% and 66 to 96%, respectively), while organic chelates were scarce. Tackett et al (1986)
observed that pH can affect leaching rates of metals in some cases. Short-term leaching rates of Cd,
Fe, Pb, and Zn from composted sewage sludge were determined over pH range of 2.5 to 7.0 at unit
interval of 0.5pH. Only Zn and Cd leached significantly as the pH was lowered, with both showing the
greatest relative solubility increase over the pH range of 5.5 to 6.0. Attempts have been made to relate
extractable metals to increases in plant uptake rates, and results have varied greatly. Korcak et a/
(1979) found poor correlations between DTPA extractable metals and metal concentrations in pearl
millet, red oak or black walnut. Also Barbera (1987) noticed significant uptakes of metals in plant
tissues were related to variations of their available fraction in the soil. In particular, a strong linear
relationship was found for available Zn fraction in the soil and its uptake in corn silage. In contrast,
mineral fertilizers were found to have no effect on the levels of total and available metals in the soil or
on the uptake of metals in plant tissues. In a study conducted to determine the effect of toxic metals on

soil acid phosphotase and alkaline phosphatase, and enzyme activities in landfill soils (Roy et al.,
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2004). The enzyme activities were consistently higher in the landfill soils than in an uncontaminated
alluvial soil. It was also reported that the landfill soils contained higher concentration of metals (Fe,
Mn, Cd, Pb, Zn, Cu) than did the alluvial soil. Enzyme activities were negatively correlated with the
metals, with inhibition increasing with the bioavailability of the metals. It was then suggested that the
metals affected enzyme activities by behaving synergistically or additively with each other. Although
the landfill soils had higher enzyme activities than the alluvial soils due to higher organic matter
concentrations, the ratios of enzyme activity/organic carbon indicated that inhibition of enzyme
synthesis and stability had occurred due to metal stress (Roy et al., 2004). Hamid and Rene (2004)
reported that the release of metals as measured by their extractability, into different ultramafic soils
from New Caledonia appeared to be related to microbial activity; the link with pH was not clear and
the percentage of microorganisms tolerant to Ni was highly correlated to the extractable concentration
of this metal in the soil Mitra, ef al. (2003).

reported that cultivated landfill soils dumped with municipal solid wastes had higher EC, organic
C, total N, available phosphorus, carbonate, and total - diphenyltriamine pentaacetic acid (DTPA) and
water —soluble heavy metals (Zn, Cu, Pb and Col) including the relative availability (RA), than the
normal agricultural alluvia soil. Among the heavy metals studied, the RA of Cu, was more.

The heavy metals species of the landfill soils were negatively correlated with the physico-chemical
properties and the coefficients were generally statistically significant, with the bioavailable forms
(DTPA and water-soluble) in most cases. Itanna, et al. (2003) in their study on the influence of soil
type differences on the distribution of DTPA extractable heavy metals in soils irrigated with industrial
effluents, found that the Fluvisol was slightly basic on the surface, and had clayey texture throughout
the profile; application of the industrial liquid waste modified and increased levels of DTPA metals in
the treated soils compared to natural levels in the background soils. The fluvisol had more DTPA
extractable Fe, Mn and Zn than the vertisol. Surface Cu, Cd and Ni contents were higher in the vertisol
opposed to the fluvisol. They also reported that there was more enrichment of these metals within
depth, in the fluvisol. Pb concentrations in the fluvisol were about twice as much as the vertisol
throughout the profile. Soils solution pH seems to have the greatest influence for most metals. Surface
Cu and Ni of the treated vertisol were more influenced by organic matter, while on the whole CEC had
negative influence on metal availability because of competing ions. These metals generally decreased
consistently with depth in vertisol, while in the fluvisol the profile distribution was irregular. Leaching
due to coarser textural composition and flood plain soil impacted by the contaminated river sediments
were responsible for metal redistribution in the fluvisol than in the vertisol. There was thus greater risk
of metal uptake by vegetables on the fluvisol than the vertisol.

However, the review of literatures on Ife-Ijesa soils revealed that not much has been known on the
extractable metals in the area; hence this study presents the concentration of some trace elements in
these soils that can be available for plant extraction. This would serve as useful reference point for
future soil studies in the area. In view of the importance of the Ife — Ijesa soils for agricultural and

mining activities, we have extended our previous studies of gross elemental concentrations of soils in
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the area to include a correlation of the extractable metal concentrations with some physico — chemical

properties of the soils. The latter constitutes the subject of this paper.

MATERIALS AND METHODS
Sample collection and preparation

The study was carried out within Ife-Ijesa area of southwestern Nigeria. The major soil types in the
region were identified using the semi-detailed soil map of central western Nigeria produced by Smith
and Montgomery (1962). A total of nine soil series which differ widely in parent material, texture,
drainage, topographic position and chemical composition were sampled. Table 1 gives the soil type,
the sampling locations, major land use at the sampling locations and general features on the soil

The identified soil types (Table 1) were sampled using Dutch soil auger to collect core samples at
0-15cm and 15-30cm soil depths. For each soil series, ten core samples were composited and
homogenized. The homogenized samples were air-dried, crushed and sieved with 2mm sieve. The
less-than-2mm fraction of each sample was kept in a polythene bag and labeled. Representative soil
samples were taken using the quartering approach, prior to analysis.

10g of each soil sample was put into an acid- washed reagent bottle, and 100ml of 0.05m Na-
EDTA solution was added. The bottle was stoppered and shaken for 30mins at room temperature. It
was then filtered through No 40 Whatman filter paper and the filtrate was retained for the
determination of the extractable metals (Cu, Zn, Fe, Pb, Cr, Mn,Mg,Al)
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Tablel: Soil type, sampling locations, major land use and brief description of the soils

Soil series | Sampling Major land use in Brief description of the soil Textural
location sampling location Class
Iwo O.A. U Yam & pepper plot | Well drained, coarse textured soils, Sandy
Teaching & overlying weathered rock material, loam
Research Derived from coarse-grained granitic
farm, Ile - Ife rocks and gneisses
Ondo Near Owena | Cocoa & Kolanut | Well drained, medium to fine Sandy
town plantations textured soil, overlying orange loam
brown, yellow brown and white
mottled clay, mainly derived from
medium ground granitic rocks and
gneisses
Egbeda O0.A.U. Cocoa, Well drained fine textured soil, Sandy
Agricultural | Kolanut,Orange, overlying red brown, yellow brown clay-
Research Plantain/ banana and white mottled clay, mainly loam
farm, Ile - Ife | plantations derived from fine — ground biotite
gneiss and schist.
Itagunmodi | Near Cocoa farm Well drained, very fine textured soils | Clay
Itagunmodi of uniform brownish red or dark
village chocolate brown colour to depth,
derived from amphibolites and related
basic rocks
Jago 0.A.U. Sugarcane, Soils of various textures in low Sandy
Teaching & bamboo trees topographical sites, with drainage clay-
Research banana trees affected by seasonally high water loam
farm, Ile - Ife table derived from alluvium and local
colluviums.
Oba 0. A.U. Maize and yam Well drained, coarse textured soils, Sandy
Teaching & plot overlying weathered rock material, loam
Research derived from coarse- grained granitic
farm, Ile - Ife rocks and gneisses.
Gambari 0.A.U. Citrus plantation Sandy and clayey soils either Sandy
Teaching & containing very large quantities of clay-
Research ferruginous concretions and loam
farm, Ile - Ife fragments of iron stones or overlying
massive iron stone pan
Apomu O.A. U Maize farm Well drained drift soils, pale brown to | Sandy
Teaching & reddish brown, sandy to fairly clayey | loam
Research soils, with no gravel concretions and
farm, Ile - Ife quartz grains.
Efon Ipetu — Ijesa | Maize, pepper and | Well drained drift soils, sandy or Sandy
road yam farm fairly clayey, gravel soils merging to | clay loam

rotten rock.

Determination of the Concentration of the Elements in Solution

A Buck Model 200A Atomic Absorption Spectrophotometer (AAS) was used. The AAS was

standardized, by using the wavelength for the particular element of interest. Blank determinations

were also carried out along with other internal standards for quality control. The difference between

the sample reading and blank reading was multiplied by the dilution factors.
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The organic matter content of the soils was determined following the procedure of Walkley and
Black (1934). The pH of the soils was determined by the electrometric method, using a glass electrode
pH meter.

The particle size distribution was determined by the hydrometer method of Bouyoucous (1962).

The standard deviation of extractable concentrations of replicate measurements was determined for
each element. For subsequent general evaluation of the data, the mean values were used. The Duncan
new multiple range tests was also carried out to separate mean concentrations of elements that were
significantly different, while Pearson correlation tests were used to investigate the relationship

between the soil parameters.

RESULTS AND DISCUSSION

The results of the extractable elemental concentrations of the surface and sub-surface soil samples are
presented in Tables 2 and 3 respectively. From the results of the extractable metal contents of the soils
(Tables 2 and 3), the elemental concentrations were generally higher in the top soil (0 -15¢m) than sub
soils. This may be due to atmospheric deposition, as well as input from fertilizers, agrochemical,
phytocycling and other inorganic pollutants. The unusually high concentration value of Cu in Ondo
and Itagunmodi surface soils may be due to the effects of copper fungicides being applied to Cocoa
growing on the soils. Cocoa is the major crop on these soils and it is usually sprayed with copper
fungicides. In most of the soils, the concentration of Zn, Cu, Ni and Mn decreased with depth and this
could also be due to the application of copper fungicides and Mn and Zn containing fertilizer to the
surface soil. There was no particular trend in the changes in concentration of Pb, and Cr with

increasing depth.

Table 2: The Extractable metal content of the soils (ppm) at 0 — 15 cm depth

Soil series  Zn Cu Ni Fe Pb Cr Mn Mg Al

Apomu 1.77° 090" 0.00' 142% 4.30° 0.00° 181.7 125.8" 238"

Efon 2.81° 2.90% 230° 172° 860° 0.30° 5179  216.8° 355°

Egbeda 9.13* 84°  4.40° 196° 5.60° 0.30° 794°  248.1° 54

Gambari 238 1.90° 070" 172 7.20° 0.30% 285% 105.4°  381.0°

Itagunmodi 3.56° 15.30 4.20° 254° 3.70" 0.90° 810°  349.8° 197°

Iwo 2,176 1708 2.00% 142" 6.80° 0.10° 350.5° 135.9" 231¢
Jago 220" 1.10" 1.40" 535 6.80° 0.00° 344.0" 1562% 132"
Oba 2.73% 230°  1.70° 236° 10.70* 0.60° 701° 132.82 1408
Ondo 1.89" 11.50° 1.05 119' 4.90" 0.40° 244.6" 137.1° 143"

Means with the same alphabets are not significantly different.
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Table 3: The extractable metal content of the soils at 15 — 30cm depth (ppm).

Soil series  Zn Cu Ni Fe Pb Cr Mn Mg Al

Apomu 0.99" 0.8% 24° 115° 42" 1*  103® 66.2° 135°

Efon 237° 29° 22¢ 1829 6 0.6° 470° 177.5° 271°

Egbeda 2.5 37° 3.6 200° 82" 0.5° 663" 186.9" 126

Gambari 0.69¢ 17 0.03" 80 53° 0.0" 135° 80.42" 255°

Itagunmodi  2.27° 7°  2.6° 318" 3.9%8 0.6° 667° 307.8° 455°

Iwo 1.83¢ 1.2° 1.3° 130° 7.2° 04" 329¢ 105.5¢ 178¢
Jago 1.17° 0.8 18 230" 6.6° 048 58" 83°  gI®
Ondo 02" 14¢ 1F 47" 21" 04° 110" 86.1° 9"

Means with the same alphabets are not significantly different.

Results for pH, organic matter, clay, silt and sand are in Tables 4 and 5. In the results for pH, organic
matter, clay, silt and sand (Table 4), the pH of the top soils differed significantly from one soil series
to another. Egbeda soil series had the highest pH of 7.36 while Gambari series were the most acidic
with a pH of 5.88. However, they all fall within the general literature values of 4.0-8.5 (Alloway,
1990). Brady (1984) also reported a pH range of 5-7 for soils of humid region and 7-9 for the soils of
arid regions.

In general, pH, and percentage silt and organic matter in the samples were higher in the surface
than subsoil. The pH of the soils ranges from 5.88-7.36, which indicates that the soils are generally
acidic in nature.

In the grain size determination (Tables 4 and 5), soils of the Apomu series had the highest sand
content (72%) while Itagunmodi had the least (32%). This trend agreed with previous studies
(Adepetu et al. 1984) in which the Apomu soils were considered unsuitable for Cocoa, Coffee or Kola
because of their sandy texture, while soils of Itagunmodi series ranked first among soils that were
suitable for cocoa, kola or coffee. This suggested land use was also in agreement with the clay content
of both soils. Previous studies (Smyth and Montgomery 1962; Adepetu et al., 1984) have shown that
excellent qualities of water and nutrient retention and good drainage typified the Itagunmodi soil
series, which agrees with its high percentage clay content. Table 4 also shows that the soils
contain different levels of organic matters, although the amount and type vary considerably. Iwo series
with the least organic matter content could be classed as an arable soil. It has been reported that the
organic matter content of an arable soil is usually less than 2 (Alloway, 1990). Incidentally the
percentage sand of Iwo soil series was quite high in correspondence to the low organic matter content.
The organic matter content of the soils decreased with depth and ranged from 1.24 to 3.15%. Within
the soil profile, the organic matter was always higher in the surface horizon, although podzols and
vertisols may have some translocated humic material lower down the profile (Alloway, 1990). The
high organic matter content of the topsoil is generally ascribed to phytocycling. The organic matter is
expected to be higher in those soils where copper fungicides have been applied, as they cause a
reduction in organic matter decompositions (Alloway, 1990). The significant differences in the
selected properties of the soils were expected, since they developed from different parent materials

(Table 1). Other probable sources of variations were anthropogenic such as land use and soil
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management amongst others. The soils Ondo, Egbeda and Itagunmodi series, whose land use includes

cocoa, plantain had relatively high pH values, which could be associated with the use of copper-based

fungicides which is mixed with Ca(OH),, that can raise the pH of the soils.

Table 4: General properties of the soils at 0 — 15 ¢m depth.

Soil series | P" % Organic matter | %Sand | % Silt | % Clay | Textural Class
Apomu 6.09g 2.00f 72a 12.00e | 16" Sandy loam
Efon 6.61° 3.15° 58" 12.00¢ | 30° Sandy clay loam
Egbeda 7.36" 2.38° 68° 6.00' | 26° Sandy clay loam
Gambari | 5.88" 3.19 63" 9.00" |28 Sandy clay loam
Itagunmodi | 6.28° 3.00° 32' 20.00* | 48° Clay

Iwo 6.53° 0.016" 64° 16.00° | 20" Sandy clay loam
Jago 6.18" 3.15° 62¢ 16.00° | 22° Sandy clay loam
Oba 6.83" 1.49¢ 70° 10.00¢ | 20 Sandy clay loam
Ondo 6.53¢ 2.62° 70° 11.00" | 198 Sandy loam

Note: Means with the same alphabets are not significantly different.

Table S: General properties of the soils at 15 — 30 cm depth.

Soil series P % Organic matter % Sand %Silt %Clay Textural Class
Apomu 5288 1.41 71° 11.00° 18" Sandy loam
Efon 6.22° 2.45° 84" 11.00" 35° Sandy clay loam
Egbeda 6.10° 1.44° 64° 4,000 32¢ Sandy clay loam
Gambari  4.81' 2.68° 58" 8.00"  34° Sandy clay loam
Itagunmodi  5.64' 2.72° 28! 16.00° 56 Clay

Two 5.90° 0.989' 68¢ 12.00° 20" Sandy loam
Jago 4.85" 1.96° 568 16.00° 28 Sandy clay loam
Oba 6.24" 1.24" 70°¢ 11.00° 192 Sandy loam
Ondo 6.17° 1.31¢ 74° 8.00¢ 18 Sandy loam

Note: Means with the same alphabets are not significantly different.

The results of the correlation tests between extractable metal concentration and selected soil properties

are presented in Tables 6 and 7.

Table 6: Correlation between extractable metals and the selected soil properties (0 — 15 cm).

Zn Cu Ni Fe Pb Cr Mn Mg Al

pH 0.75398"  0.24332 0.62470  -0.1579 0.22538 0.18130  0.63592 0.20892  -0.6228
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)

OM  0.08122  0.28452 0.06815  0.34180 -0.1794 0.20283  0.06483 0.35878  0.18639
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)

Sand -0.02265 -0.5835 -0.58129  -0.2138 0.32795 -0.64407  -0.4937 -0.8033"  -0.1659
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)

Silt  -0.46218  0.22786  0.12690  0.36803 -0.3149 020375  0.01371 0.46504  0.08439
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)

Clay 023298  0.63852 0.68035  0.10818 -0.2763 0.72592" 0.61943 0.84858"  0.17290
(ns) (ns) (ns) (ns) (ns) (ns)

*= significant at P <0.05

significant

**= significant at P < 0.01
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Table 7: Correlation between extractable metal and the selected soil properties at15 — 30 cm

depth.
Zn Cu Ni Fe Pb Cr Mn Mg Al
pH 0.42522  0.34840  0.51880 -0.02483  -0.0091  0.025712 0.78320"  0.38515 -0.05337
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
OM  0.18286 0.46854  -0.1314  0.44601 -0.1380  -0.25987  0.13572  0.44842 0.73715"
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
Sand -0.5052 -0.8107  -0.1984 -0.83560° 0.03116 0.02860  -0.49366 -0.81957  -0.86969"
(ns) (ns) (ns) (ns) (ns)

Silt  0.07564 0.19066 -0.1673 0.56164  -0.1589 020860  -0.21641  0.24089 0.39514
(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
Clay 0.55624 0.86915 0.28247 0.77815  0.01580 -0.10066  0.63394  0.88311°  0.87144"

(ns) (ns) (ns) (ns) (ns)

*= significant at P < 0.05 **=significant at P <0.01 ***= significant at P < 0.001 ns= not
significant

There was no significant correlation between the extractable metals and the soil pH except for Zn- pH
(0-15cm) and Mn — pH (15-30cm) in which the correlation was significant at P < 0.05. The
correlation of pH with Mn and Zn may be due to changes in the pH of the soil with continuous
application of Mn and Zn containing fertilizer, as the oxides of these metals are basic in nature and
could increase the pH of the soils. It was also observed that the organic matter contents of the soils
at the two depths did not correlate significantly with the extractable metals except aluminum which
was significantly correlated at P < 0.05, at 15-30cm depth. At the top soil, only Mg was negatively
correlated with sand at P< 0.05, while at 15-30cm, Cu (P < 0.05), Fe (P < 0.01), Mg ( P<0.05 and Al
(P < 0.01) correlated negatively with sand. This was expected as the major content of sand is silicon
and a high level of silicon (a major element in the earth crust) in any soil would imply a low level of
trace and minor elements, hence the negative correlation. At both depths, none of the metals correlated
significantly with silt. Ni, Cr, Al, Fe, Mg are correlated significantly with clay. Cu was also
significantly correlated (P < 0.01) with clay at 15-30cm depth. This agrees with the result obtained for
total elemental determination (Okoya and Asubiojo 2009), as the soil with the highest clay content
(Itagunmodi) has the highest concentration of virtually all the elements, both trace and minor. This
trend also reflected in the concentration of the extractable metals of the soil, Table 2 and 3) and the

clay content of the soils (Table 4 and 5).

CONCLUSION

The correlation between extractable metals and the physico-chemical properties of soils in some parts
of Ife —Ijesa Area was investigated. In most of the soils, the concentrations of Zn, Cu, Ni and Mn
decreased with soil depth which is attributed to application of copper fungicides and Mn and Zn
containing fertilizers to the surface soils. The pH of the soils range from 5.88-7.36, which indicated
that the soils were generally strongly to mildly acidic in nature and there was no significant correlation
between the extractable metals and the soil-pH except for Zn-pH (0-15¢cm) and Mn —pH (15-30cm).

The investigation also showed that the soil contained different levels of organic matter as expected,
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and that the organic matter content of the soils decreased with depth and ranged from 1.24 to 3.15%.
Furthermore, the correlation test revealed that the organic matter contents of the soils at the two
depths do not correlate significantly with the extractable metals except Aluminum which is
significantly correlated at P < 0.05, at 15-30cm depth.

At both depths, none of the metals correlate significantly with silt. However, Ni, Cr, Al, Fe, Mg are

correlated significantly with clay.
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Abstract

The reality of climate change has become a major contemporary issue affecting the development
process and livelihood in both developed and developing nations. While economic prosperity,
availability of diverse technology and consistent democratic norms will go a long way to help the
developed nations reduce the negative impact of climate change, this is not so in developing nations.
In fact, the negative consequences are expected to be worse in developing nations despite their
minimal contribution to the process of climate change because of the absence of these ingredients of
development, lack of information as to the depth and severity of the problem and lack of preparedness
for the consequences of the problem. In Nigeria, major consequences of climate change will include
flooding in the coastal areas as well as the hinterland. In the coastal area, massive flooding will result
mainly from the rise in sea level and the poor infrastructural facilities of settlements bordering the
coast while in the hinterland, flooding will result mainly from heavy rainfall concentrated within a
very short period of time. Flooding results in erosion (sheet and gully) which degrade the agricultural
resources. Other important effects include heat-wave and drought. These factors will, in turn, affect
food production as well as well-being hence, the need to articulate a relevant policy framework to help
policy makers and development experts develop the necessary policy interventions to address the
issues to maximize food resources in Nigeria.

Keywords: Climate change, resources, maximization, ecological zones, natural systems, greenhouse

INTRODUCTION

Agriculture in Nigeria is critical to economic development goals as it contributes nearly 40% of the
nation’s GDP. In fact, development experts strongly believe that the agricultural sector holds the key
to solving the problems of unemployment and poverty reduction in the country. This is because the
nation has a total of 924,000 square kilometers (98 million hectares) of land, (Federal Environmental
Protection Agency {FEPA}, 1992), agriculture employs 60 % of the national labour force and accounts
for 90 % of the non-oil export earnings (United Nations Systems {UNS}, 2001). Incidentally the
agricultural sector is dominated largely by small holder farmers who constitute nearly 60 % of the
farmers in Nigeria (Toluyemi, 1990; Oluwasola, 1999) and holds an estimated 90 % of the cultivated
land in the country (Federal Ministry of Agriculture, Water Resources and Rural Development
{FMAWR & RD}, 1986; Nigerian National Committee on Irrigation and Drainage {NINCID}, 2006).

These small holder farmers practice three main farming systems: rotational bush fallow, semi-
permanent or permanent agriculture and mixed agriculture, using little capital resources which make
them heavily dependent on natural systems that are highly sensitive to climatic changes. Incidentally,
the farming practices of the small holder farmers have detrimental effects on the natural systems

especially in influencing climatic elements. For example, while deforestation and bush burning release
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CO, into the atmosphere, livestock release nitrous oxide during enteric fermentation. In addition,
fertilizers used to enrich the soil could potentially release nitrous oxide. All these tend to increase
green house gasses (GHGs) which also affect atmospheric energy balance and hence global climate. In
addition to particulates from agricultural sources that adversely affect global climate, burning of fossil
fuel for industrial and transportation has contributed greatly to the problem of climate change. These
factors, thus, make man, his institutions, and livelihood, social as well as natural systems vulnerable to
the impact of climate change.

Vulnerability as defined by IPCC - Intergovernmental Panel on Climate Change (2000a) is the
extent to which a natural or social system is susceptible to sustaining damage from climate change,
and is a function of the magnitude of climate change, the sensitivity of the system to changes in
climate and the ability to adapt the system to changes in climate. Hence, a highly vulnerable system is
one that is highly sensitive to modest changes in climate and one for which the ability to adapt is
severely constrained. Climate change and its associated consequences such as changes in rainfall
patterns rise in sea level, extreme drought or deforestation, loss of biodiversity (Lesser et al., 1997) are
the major problems that human beings will have to confront.

For developing nations like Nigeria with strong agricultural base, the challenge of climate change
will be felt more in the agricultural sector. This is because small holder agriculture uses low resource
inputs, is dependent on rainfall and is closely linked to natural systems; it will greatly feel the impact
of climate change in terms of both temperature and rainfall. Hence the livelihood of millions of people
could be at risk. The vulnerability of agriculture to climate change has long been an issue of major
international concern as reflected in Article 2 of the United Nations Framework Convention on
Climate Change (UNFCCC) (International Institute for Sustainable Development{IISD} and Institute
for Environmental Studies {IES}, 1997), which calls for the:

“...stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent
serious anthropogenic interference with the climate system. Such a level should be achieved within a
time frame sufficient to:

i.  allow ecosystems to adapt naturally to climate change;

ii  ensure that food production is not threatened; and,

iii  enable economic development to proceed in a sustainable manner”.

Although climate variability and change may have an overall negligible effect on total food
production (IIED & IES, 1997) on a global basis, the regional impacts are likely to be substantial and
variable, with some regions (the temperate and cold regions) benefiting from an altered climate and
other regions (the tropical and sub-tropical regions) adversely affected. Generally, food production is
likely to decline in most critical regions (e.g. subtropical and tropical areas), whereas agriculture in
developed countries may actually benefit because the resource, research and technology with
appropriate adaptive adjustments are more available and will be employed. In the developing nations,

especially the Sub-Saharan African nations of which Nigeria is a key component, the failure of
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development could adversely affect their capacity to weather through major climatic change that leads
to major economic or social distortions.

In spite of the crucial role of climate change to the sustainability of the agricultural sector in
Nigeria and other developing countries, very little information is available on the nexus between
climate and agriculture. As opined by Mendelsohn and Dinar (1999), most empirical works done in
the field are extrapolations from industrialized nations consequently excluding developing nations
who face greater risks from imminent climate change. A cooperative research effort among some
African countries excluded Nigeria thus creating a knowledge gap about climate change and its effect
on agricultural development in Nigeria. Given the sensitivity of Nigeria’s agriculture to climate
especially as regards the variability and duration of rainfall, the uncertainty which exists in the
climatic environment and the economic and social importance of this sector, there is a strong need for
research to enhance the understanding of climate change and its impact on food resources in Nigeria.
This paper examined the nature of climate change in Nigeria, the nation’s food resources in the
various ecological zones, the nexus between food resources and climate change, various policy
measures put in place in the face of changing climate and proposed a model for nutrient maximization

in food intake.

THE NATURE OF CLIMATE CHANGE IN NIGERIA

The world had gone through series of climatic epochs, which include the ice age, and consequently,
the ice recessions among others. Thus, the earth’s climate has always been dynamic as interactions in
the natural systems continue to generate activities in the natural systems that induce changes in the
earth climatic regime. Such changes were however gradual and took place over a long period that
enabled the natural systems to adapt without much deleterious impact on the natural systems. In the
last century however and with man’s ability to control and use energy culminating in massive
industrialization, there has been accelerated changes in the earth’s climate beyond its natural capacity
to absorb such changes.

While the emission of greenhouse gases and particulates into the atmosphere, that enhance climate
change, is carried out mainly by the industrialized world, Nigeria also contributes to some extent to
global warming process. First, 60 percent of its labour force is involved in agriculture thus burning
bushes, using fertilizers that releases N,O into the air as well as keep livestock which also release
methane. The petroleum sector is also a major pollutant as gas flaring releases GHGs that contributes
to global warming. In terms of sectoral contribution of CO,, the transportation’s sector contribution of
38 % represents the highest followed by manufacturing and construction sectors’ contribution of 22 %
(EarthTrends, 2003). In terms of source, the highest culprit in terms of CO, emission is gas flaring (52
%), liquid fuels (32 %) and gaseous fuels (14 %) (EarthTrends, 2003). These modest contributions
added to the contribution of other nations have continued to increase the problem of global warming.

Thus, recent changes in earth’s climate are a consequence of an intricate chain of interference in

environmental processes. Since the 21* Century, the scale of human induced changes to atmospheric
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and biospheric processes has had discernable impacts on climate patterns and life forms on the planet.
Recently, the IPCC, World Meteorological Organization (NMO) and United Nations Environment
Programme (UNEP) established that the earth has become warmer over the last century. According to
these agencies, the average surface temperature of the earth has increased during the twentieth century
by about 0.6 £ 0.2° C. It is warmer presently in many parts of the world than at any time during the
past 1000 years, with possibilities of warmer years than the previous centuries, occurring within the
next few decades. This change in temperature usually leads to lower ozone levels near the earth’s
surface, and significant increase of smog problems in the cities where the release of carbon dioxide is
greater (Obioha, 2008). The impact of climate change is felt in all sections of Nigeria although in
varying degrees.

Nigeria has five major ecological environments ranging from the mangrove swamp in the coastal
region, high forest, guinea savannah, Sudan savannah and the Sahel savannah to the northern fringes.
The rainfall and temperature regimes vary from one ecological zone to the other. Mean monthly
temperatures vary from 30° C in the south to 38° C in the extreme north. The major impact of the
variability of climate in Nigeria is mainly manifested in terms of reduction or delay in the intensity of
rainfall. The duration of rainfall has reduced but the intensity has increased in recent times (Namchi
and Ozor, 2009).

The Sahel region borders the Sahara desert and as such enjoys rainfall for at most four months in a
year. Agricultural activities are concentrated within these four months except in the oasis where the
occurrence of underground water makes farming possible. Livestock farming is a dominant feature of
this agricultural landscape although crops like millet, sorghum, cowpeas and maize grains are also
cultivated during the short wet season. Drought and thus lack of water, in association with high
temperatures (up to 45° C at certain periods of the year), is the most limiting factor for agricultural
production in this region. Drought has been a recurrent feature in the Sahel, with early records dating
back to the 1680s. Drought here is defined as a long period of abnormally low rainfall, especially one
that adversely affects growing or living conditions (Allaby, 1989).The magnitude and intensity of
these droughts have been on the increase over the last 100 years, and, consequently, in the destruction
caused by it (Hulme, 2001). The most prominent of these droughts was that of the early 1970s, during
which hundreds of thousands of people and millions of animals died (Mortimore, 1998). The Palmer
Drought Severity Index indicates that the Sahel is still experiencing drought conditions.

The incidence of drought is not limited to the Sahel region alone as Adejuwon and Adejuwon
(1990) noted a recent trend towards aridity in the whole Sub-Saharan Africa. Fakorede (2001) also
observed that in recent years, the onset of the effective rainy season seems to have been delayed
without a corresponding delay in the time of recession of the rains at the end of the year. This leads to
a shorter cropping season and failure of food crops (annual) in the early vegetative phase. Fakorede
and Akinyemiju (2001) also observed that Nigeria’s agriculture is generally susceptible to climatic

hazards and these hazards often have a counteracting effect on any effort to improve production
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through marketing incentives and technology. Climate change induced by global warming has thus
compounded the problem of the Sahel region as well as other ecological regions in Nigeria.

A major consequence of drought especially in the Sahel region is the gradual conversion of
savannah ecological zones to arid landscape as noted by Obioha (2009). Nigeria is presently losing
about 351,000 square kilometers of its landmass to the desert, which is advancing southward at the
rate of 0.6 kilometers annually. Another problem that has become an environmental menace is the
problem of flood. In recent times, incessant flood, even in the water deficient regions of the savannah,
has continued to ravage the nation. Flood is also frequently reported in other parts of Nigeria in
addition to windstorm. Implicated in the problem of climate change in Nigeria are other environmental
nuisances like soil erosion, disease infestation and air sultriness.

Clearly, while not having the necessary empirical data or a total understanding of the problem and
consequences of climate change, the problem is here with us in Nigeria and a thorough understanding

of it is necessary for adequate and timely policy response.

NIGERIA’S FOOD RESOURCES

The major food resources of Nigeria are presented in Table 1. These include maize, millet, sorghum,
rice, wheat, acha, beans, cassava, yams, potato, plantain and vegetables. These crops are planted
mainly by small holder farmers who employ slash and burn method. As indicated in the table, most of
the cereals, notably, sorghum, millet and beans, are produced in the savannah ecological region while
the tubers, mainly, yams, cassava and cocoyam are produced in the forest and guinea savannah belts.
Rice and maize are planted in all ecological belts.

In spite of the substantial food resources, the increasing population which is growing at 3.0 % per
annum, rapid urbanization at 5.5 % per annum (NPC, 2006); poor infrastructural support notably roads
and post harvest losses (Oluwasola and Adewusi, 2008) continue to adversely affect Nigeria’s capacity
to feed her people. In fact, food importation is a very significant part of Nigeria’s food security
strategy mix. As much as 9.0 % of Nigeria’s total imports is made up of food products (CBN, 2005)
constituting a total of nearly7.0 million tonnes (Oluwasola and Adewusi, 2008). As the small farmers
are resource poor, it is the size of the hectarage cultivated that significantly determine yield. Hence,
any problem that adversely affects the natural systems of climate (notably rainfall) and the soil, will
also adversely affect the capacity of the farmers to produce the necessary food crops needed to feed

the nation and thus affect the food security balance of the nation.

Table 1: Nigeria’s Major Food Resources and total Acreage Planted and Output in 2004

Food Area Planted | Output (‘000 | Main Ecological Area produced
Crops. (‘000 tonnes)
hectares)
Maize 3,203.52 7,908.8 All ecological zones
Millet 3,835.58 8,211.6 Guinea, Sudan and Sahel Savannah zones
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Sorghum 3,952.81 10,898.0 Guinea, Sudan and Sahel Savannah zones

Rice 1,454.57 4,605.4 All ecological zones
Wheat NA 66.1 Montane region of the Savannah zone
Acha NA 94.8 Montane region of the Guinea Savannah zone

Guinea, Sudan and Sahel Savannah zones

Beans 2,153.51 2,793.9 Forest and Guinea Savannah zones
Cassava 2,570.25 44,693 .4 Forest and Guinea Savannah zones
Yam 2,060.80 32,549.5 Forest and Guinea Savannah zones
Potato NA 146.0

Cocoyam 296.81 1,995.6 Forest and Guinea Savannah zones
Plantain NA 2,503.0 Forest and Guinea Savannah zones
Vegetables NA 5,472.7

All ecological zones

Sources: (i) CBN Statistical Bulletin, 2004
(i1) National Bureau of Statistics Agricultural Survey Report, 2007

NEXUS BETWEEN FOOD RESOURCES AND CLIMATE CHANGE

The dependence of Nigerian farmers as well as their counterparts in Sub-Saharan Africa on natural
systems for food production and the failure of the economic system, research and technology
(Oluwasola and Adewusi, 2008) to reduce the pervasive influence of the natural systems on small
holder agricultural production means climate change could be a major threat to food production.
(Parry et al., 1999; 2004; D66s and Shaw, 1999; IPCC, 2001a). This is because small holder resource
poor agriculture is inherently sensitive to climate conditions and is one of the most vulnerable sectors
to the risk and impacts of global climate change.

In Nigeria, rainfall and temperature are the climate variables most critical to food production. Not
only does the range between high and low values matter, but also the frequency at which these
extremes occur and the intensity of the events (Ziervogel et al., 2006). As noted by National
Sustainable Agriculture Coalition [NSAC] (2009), as temperature rises, rainfall duration and intensity
change and severe weather events happen more frequently. These changes could cause both negative
and positive feedback outcome in agricultural systems in ways that are difficult to predict. In the
developed nations, research work on the impact of climate on food production has been going on in
the last three decades while in the developing nations, study on the subject is in its infancy thus, there
is limited empirical evidence and hence, understanding of how climate change currently impacts food
systems and associated livelihoods (Downing, 2002; Ziervogel and Calder, 2003). This not
withstanding, the consensus of scientific opinion is that countries in the temperate, high-, and mid-
latitude regions are generally likely to enjoy increased agricultural production, whereas countries in

tropical and subtropical regions are likely to suffer agricultural losses as a result of climate change in
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coming decades (Arnell et al., 2002; Devereux and Edwards, 2004). Hence, the long term effect of
climate change in Nigeria will be harmful to food production because reduction in rainfall and
increased temperature will harm the agricultural sector and farmers who are not endowed with the
necessary resources or technology to adapt to such changes.

The main effect of climate change, increased temperature and decreased precipitation, on livestock
is distress. The increasing temperature can have varying effects, depending on when they occur.
Warmer conditions can lead to stress on range and housed livestock since dry pastures, poor hay and
feed production and shortages of water all lead to worse conditions for domestic animals. Water
resources are critical to a successful livestock operation. As with crops, diseases and insects could
have an adverse effect on much of the livestock industry. Insects and diseases, that livestock is
unaccustomed to, could move into the production area. Secondary effects such as dust storm and wind
erosion are also factors that could worsen conditions for livestock. However, livestock is more
resistant to climate change than crops because of its mobility.

Agriculture is one of the oldest economic activities. This is because it is the backbone of our food
supply and without it the world’s population would experience food insecurity. For this reason, any
effect that climate change has on agriculture will be passed on to society and the economy too. Since
agriculture is also dependent on the natural resource base, changing climate will require the adaptation
of agricultural practices that accommodate the new climate while conserving the natural resource base.

It is important to note however that while agriculture is adversely affected at least in the tropical
and sub-tropical region by climate change, climate change is also induced by agricultural activities. As
noted by LaSalle ef al., (2008), the IPCC concluded that worldwide, agriculture exacerbates climate
change trends by contributing about 13.5 percent of global GHG emissions. The major GHGs emitted
by agricultural production sources include carbon dioxide (CO,), methane (CH4) and nitrous oxide
(N20). As a GHG, CHj4 has a greater global warming potential than CO, but a shorter atmospheric life.
Over a 100-year period; CH, is 23 times as potent as CO,. N,O has a relatively low warming effect but
a very long atmospheric life and over 100 years has a global warming potential that is about 310 times
that of CO,. Both CH4 and N,O, though released in smaller over-all volumes than CO, have
significantly higher global warming potential than CO,. The categories of agricultural activity include
the following:

e  Agricultural Soil Management which includes a broad array of practices including fertilization
with synthetic fertilizer and animal manure; manure deposition by grazing animals, soil cultivation;
production on nitrogen fixing crops and forages; irrigation and other practices. The category covers
GHG emissions from both cropland and grasslands.

e  Enteric Fermentation is primarily methane produced by the digestive processes of agricultural
animals which are emitted from the animals as gas.

e  Manure Management emissions are methane and nitrous oxide released from manure during
storage and handling.

e Rice cultivation under anaerobic conditions in flooded fields, results in methane emission.
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e Bush and field burning of agricultural residues results mostly in CO, emission, which are not
counted because it is assumed that CO, will be reabsorbed by plants in the next growing season. Field
burning, however, also results in release of methane, nitrous oxide and other minor GHGs (LaSalle et

al., 2008).

POLICY ENVIRONMENT AND MEASURES TO MAXIMIZE FOOD RESOURCES IN THE
FACE OF CHANGING CLIMATIC CONDITIONS

Some of the policies put in place by government to combat climate change and its deleterious impact
on the nation are enshrined in the overall national policy on environment. Those that have bearing on
climate change include National Erosion and Flood Control Policy; National Environmental Sanitation
Policy; National Forestry Policy; National Drought and Desertification Policy; National Policy on E-
Waste Control and Management; and Reforestation and Afforestation program. Within the African
context, Nigeria is also resolutely driving the Green-wall Sahara Programme from Mauritania in the
West to Djibouti in the East.

The Federal Government has created the Special Climate Change Unit (SCCU) under the Federal
Ministry of Environment to specifically deal with and co-ordinate Climate Change issues in Nigeria.
This institution closely collaborates with the Nigeria Meteorological Agency to build an Early
Warning System to reduce disaster in the country. Nigeria has prepared and submitted its First
National Communication under the United Nations Framework Convention on Climate Change
(UNFCCC); participated among 14 Anglo- and Franco-phone countries in the Regional project to
build capacity for greenhouse gases inventory in West and Central Africa; signed a Memorandum of
Understanding (MOU) with both the Italian government in the area of Climate Change with particular
reference to CDM implementation in Nigeria and the UNDP for capacity-building in the area of the
Clean Development Mechanism. She has also participated in the Kyoto Protocol processes.
Government, through the National Planning Commission, is working towards a national climate
change preparedness and response masterplan, which includes early-warning strategies. The
government has developed action plans to implement its climate change programmes. These include:
National Action Plan to mitigate the effects of Climate Change; adaptation Strategies of Action for
Nigeria; National Ozone Programme of Action; National Forestry Development Programme; National
Action Plan to Combat Desertification and National Capacity Self-Assessment (NCSA) for

programmes bordering on some multilateral environmental agreements.

MAXIMIZATION OF NIGERIA’S FOOD RESOURCES

Climate change has reduced and will definitely continue to reduce food production in Nigeria as
shown earlier. This means a worsening food security position for the nation and an increase in
nutrition related diseases such as kwarshiorkwor, marasmus and vitamin and mineral deficiency. The
high prevalence of these diseases in Nigeria up to 1970s was not due so much to lack of food security

as to ignorance about nutrition and food composition. Just recently, the Nigerian Society of Dietetics
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in their 2009 annual conference announced the upsurge in the prevalence of protein malnutrition in the
country. This may get worse when the effect of climate change bites harder. It is therefore important to
maximize the nation’s food resources using the pool of knowledge in food production pattern,
nutrition and food composition now existing in the country. For instance, why should Nigeria plant
over 3 million hectares of land to millet, maize and sorghum each when soybean with better yield in
terms of acreage and nutritional value is sidelined? Soybean has up to 40 % crude protein and about 20
% oil content compared to the cereals with about 10 % crude protein and 3 — 4 % crude oil content. In
addition, acha, with a high level of sulfur amino acids, is planted in only Plateau and Bauchi states
when it is well known that the legumes on which the majority of Nigeria’s population depend is first
limiting in these amino acids. This is why this paper calls for a redistribution of arable land to
accommodate crops with higher yield, better nutritional value and could possibly adapt better to
climate change.

People in each ecological zone are culturally dependent on a single crop or at best crops from a
single nutritional group. For example, millet and sorghum are the predominant food crops in the
northern part of Nigeria while yam and cocoyam hold sway in the central and southern part of the
country. It is, however, well known that a combination of two protein sources often give better
nutritive value because of the complementation of their protein content (Adegbola and Oke, 1973;
Adewusi and Oke, 1980; Adewusi et al, 1991, 1992). It is therefore important to carry out more
investigation to optimize the food resources of Nigeria for better nutrition and health for all. A
model, based on cost minimization linear programming is now being proposed to optimize food
resources. This model would be used when the empirical work on the national food production is
completed and will be subject to the objective function (Z), would be to minimize the cost of food
intake per capita per day subject to some technological constraints.

That is

Minimize Z = Y ¢jXj G=1,2,3...)

Subject to Y aij Xj < bi i=1,2,3,4..)

>Xj =1

Xj=0

Where

Xj = amount of food type j and

cj = cost of 1 kg of food type j

aij = technological coefficients such as amino acids, vitamins and other nutrients

bi = minimum nutrient requirement per capita per day recommended by WHO/FAO.

CONCLUSION AND RECOMMENDATIONS

The issue of climate change and its attendant consequences have come at a time when national
capacity to respond is very low because of the underdeveloped nature of the nation’s technology,

economy, and institutions of governance. This is further compounded by lack of information or a clear
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understanding of the issues related to the occurrence and impact of climate change. This not
withstanding, there is the need for providing the necessary base line information necessary for a
careful and well articulated policy measures to combat the problem. The imperatives for this lies in a
number of factors:

First, nearly two-thirds of Nigerians depend on agriculture for livelihood. Incidentally, agriculture
has always been dependent on the variability of the climate for the growing season and the state of the
land at the start of the growing season. Crop failure even for a season could be disastrous. There is
thus the need to be able to predict climatic conditions to adapt crop production to climate change.
What is required is an understanding of the effect on the changing climate on land, water and
temperature. (IIED & IES, 1997).

A second major issue that should be of utmost concern is the fact that Nigeria has a long coastline
stretching 800km which is prone to sea level rise, fierce storms and floods. Incidentally the coastal
areas have witnessed massive development in terms of industrial development and urbanization
stretching from Lagos in the south west to Calabar in the south east. Coastal disasters as occur in Asia
and Latin America could be disastrous if it happens in Nigeria that is clearly ill prepared to handle
such disasters. Thirdly, two-thirds of Nigeria’s land is prone to drought. The fast conversion of
savannah lands to arid landscapes in States fringing the desert and the massive out migration of rural
dwellers from such areas is a clear pointer to the fact that except clear measures are put in place,
Nigeria could loose most of her productive lands to deserts and become food insecure.

Finally, the rapid rate of urbanization of 5.5 %, one of the highest in the world portends great
danger in case climate change leads to undesirable consequences.

There is thus the need to act now. As a first step, there is the need for research to collect base line
data to determine the level, cause and impact of climate change. Such research should be
multidisciplinary to ensure no sector or region is left out in developing appropriate policy response to
mitigate the problem. Research should also be conducted on how to maximize agricultural and food
resources to enhance nutrition among the Nigerian populace given the imperative of climate change.
The land use system needs to be reoriented to accommodate lesser known but highly nutritive food
resources such as acha bread fruit along with popular ones like maize and yams. The need for
awareness campaign, nutrition education and scientific planning on land use among Nigerian farmers
and consumers is thus very crucial.

There is the need for capacity building to ensure that officials saddled with managing the problem
of climate change possess the requisite expertise necessary to proffer solutions to climate induced
problems.

Finally, there is the need for institutional strengthening to manage the process. There is the need for
proactive and clear-cut policy guidelines to manage the problem. The passing of the Climate Change
Bill is a step in the right direction. However the Special Climate Change Unit should be strengthened

to be proactive as well as coordinate climate change matters in the country. Research Institutions
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involved in studying climate change and its problems should also be given the necessary financial and

logistic support to be able to deliver.
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Abstract

There is no gainsaying the fact that fish and fish products remain the cheapest source of protein for the
teeming population of people living in developing countries of the world. This is because of its
availability and affordability by a sizeable number of the poor living in these countries. It has also
been established that fish allows for protein improved nutrition in that it has a high biological value in
terms of high protein retention in the body, higher protein assimilation when compared with other
animal protein sources, low cholesterol content and one of the safest sources of animal protein.
However, seasonality in production and availability of this all-important protein source has continued
to cause untold hardship to both the producers and consumers, with the resultant effect of declining
production, reduced consumption due to rising prices and eventual protein under-nutrition. The result
presented here relies on primary data collected from a random sample of 150 fish farmers from two
States in southwest Nigeria. A descriptive analysis of the data revealed that average age of fish
farmers was 42 years indicating that fish production is mainly in the hand of young people. A gender
analysis of the respondents showed there were more men in the fish production business than women
with over three-quarter of those surveyed being men. Analysis of by educational qualification
indicated that only about one-third of the respondents were educated up to tertiary level with about 38
percent having no formal education. Meanwhile, a probit regression analysis done to ascertain the
determinants of seasonal variability in production and availability revealed that water shortage (proxy
for climate change) price change, accessible infrastructure (electricity), credit accessibility and poverty
status of respondents were positively associated with seasonality. On the other hand, the coefficients
of gender, educational status, income and years of experience were negatively associated with
seasonality. Thus, respondents with tertiary education had lower likelihood of being affected by
seasonality. Also, those with experience in fish production and high income had lower likelihood of
being affected by seasonal variability. A further ranking of how important some of these factors were
to production revealed that climate change was very critical to production with 47 percent of
respondents indicating it as the most important factor. This was closely followed by poverty status of
respondents with about 32 percent indicating it in their responses. It is therefore recommended that
effort should be geared by government towards provision of adequate information on weather
variables influencing fish production in the country since this will help curtail the uncertainties
pervading the sector. Investment in capacity building through education is also very important as this
will reduce respondents’ vulnerability to seasonal variability. Also, provision/improvement in existing
infrastructural facilities should be made a priority to enhance the earning potentials of the respondents.
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INTRODUCTION

Fish and fish products play a vital role in feeding the worlds’ population and contributing significantly

to the dietary protein intake of hundreds of millions of the populace. On a global scale, almost 16

189



percent of total average intake of animal protein was attributable to fish in 1988 (FAO, 1990). In the
developing worlds, fish is a highly acceptable food that supplies as much as 40 percent of all animal
protein available. Of the countries where fish is the main source of animal protein, 39 out of the top 40
are found in the developing world. There is now an increasing knowledge among Nigerians of the
importance of fish as a preferred source of protein supply in human diet. Okorie (1978) stated that
although fish contain no carbohydrates, they are rich in fat, phosphorus, sulphur, potassium, iron,
calcium and copper. The flesh of fish is reported to be more quickly broken up by the gastric juices
and remains in the stomach for a shorter period of time than does meat. Fish is known to provide 40
percent of the protein intake of two-thirds of the world’s population (FAO, 1993). Fish ranks amongst
the most superior of protein foods because of its balanced amino acid configuration, digestibility and
low cholesterol (Bada, 2004). Given the high quality protein and quick digestibility rate that fish
possess the demand for fish and fish products in human diet grew steadily over the last two decades.
According to Federal Department of Fisheries, FDF (2002), in the year 2000, total domestic fish
production in Nigeria stood at 467,098 metric tons out of which aquaculture fish accounted for 25,720
mt, representing 5.5 percent of total domestic fish production. FDF (2004) reported that in 2003,
domestic fish production from aquaculture accounted for only 9.9 percent with 52,000 mt out of
Nigeria’s total domestic fish production of 524,706 mt. Fish production (aquaculture) in Africa has
come a long way since it was first introduced. However, in comparison to the rest of the world,
aquaculture production in Africa is still insignificant at the global level and accounts for about 0.9
percent (404,571 t) of the total global aquaculture production in 2000 (FAO, 2003). Nonetheless,
aquaculture in Africa is going through an exciting phase of evolution and growth after numerous false
starts that did not result in any meaningful aquaculture development. This lack of development exists
against a backdrop of conditions that would benefit greatly from the rapid development of aquaculture
on the continent, namely, high incidence of poverty, malnutrition and unemployment (Hecht, 2000).
Again, households in developing agrarian economies in Africa face many risks, but among the
many risks faced, recent research suggests that commodity price changes, droughts (water
shortage/climate change), and health shocks are the major risk factors both in terms of the frequency
of their occurrence as well as the severity of their effects (Christiaensen, Hoffman and Sarris, 2007).
The impact of sharp increases in food prices in the short run depends very much on whether people are
mainly producers or consumers of food. A low-income household that spends a large proportion of its
income on tradable food staples is more likely to suffer a decline in overall welfare. The extent of this
decline depends on the ability of the household to shift consumption towards less expensive foods.
Hence, the poor spend proportionally more on fish than on meat or other sources of animal protein.
The challenges are substantial, particularly in the developing world. Developing countries have a high
dependence on climate sensitive natural resource sectors for livelihoods and incomes and the changes
in climate that are projected for the tropics and sub-tropics, where most developing countries are
found, are generally adverse for agriculture (fish production inclusive). The means and capacity to

adapt to changes in climate are scarce due to low levels of human and economic development and high
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rates of poverty. These conditions combine to create a state of high vulnerability to climate change in
much of the developing world.

From the foregoing, there is therefore no gainsaying the fact that fish and fish products play a vital
role in feeding the worlds’ population and contributing significantly to the dietary protein intake of
hundreds of millions of the populace. On a global scale, almost 16 percent of total average intake of
animal protein was attributable to fish in 1988 (FAO, 1990). In the developing worlds, fish is a highly
acceptable food that supplies as much as 40 percent of all animal protein available. Meanwhile, the
inability of Nigerians to meet their protein requirements could be linked to their poverty levels.
Animal protein sources such as beef, mutton and chicken are beyond the reach of an average income
earner resulting in Nigerians settling for fish being the cheapest animal protein source (Samson, 1997).
In short, Evans (2005) posited that today we face a tremendous challenge - one that is growing. As the
world’s population increases, so too does the demand for fish protein. And human activities - from
overfishing, to pollution of inland and coastal waters, and destruction of nursery grounds - are putting
increasing pressures on fish stocks, and are undermining the basis for future productivity and recovery.
Research findings have also rated fish nutrients quality very high thus making it an ideal source of
vital nutrients both for nourishment and medicinal purposes. Given that there are considerable
evidences in the use of fish and fish products for solving health problems (Mumba, 2005; Onasanya,
2002), thus, an examination of the causes of seasonal variability in production and availability of fish
and fish products in the study area becomes very important if the much clamoured food security in

terms of quantity and quality are anything to go by.

LITERATURE REVIEW

The United Nation’s Population Fund, UNFP (1993) report posited that the demand for agricultural
products is expected to reach unprecedented levels in the near future as world population is estimated
to double in 50 years to about 11 billions with 98 percent of the future population growth likely to be
in developing countries, Nigeria inclusive. Potentials therefore exist for demand — supply imbalance.
National Governments in many developing countries responded to this assertion by making efforts to
conquer poverty, food insecurity and malnutrition. In Nigeria, poverty is found to be more pronounced
and severe in the agricultural sector (FOS, 1998; 1999). There is also high rate of rural — urban
migration, high prices of food items and precarious food security situation (Okumadewa, 2001). This
makes the citizens vulnerable to dietary associated diseases. Recent estimates show that at least 41
percent of the Nigerian population is food insecure with 16 percent being severely undernourished
(Olayemi, 1996). Fish and fish products are therefore important in the anti-poverty agenda (Evans,
2005). Fish and fish products are a vital source of nutrition for the world’s poor. 400 million poor
people in Africa and Asia rely on fish and fish products for more than half of their daily protein intake.
Adding to this is the heightened demand for high-valued fish by economies in transition — and a

growing middle class eager to eat fish.
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Yet, we know from the Food and Agricultural Organisation (FAO) and other sources that the
world’s fisheries are in dire straits. Global production of capture fisheries has stagnated since the late
80’s with over 25 percent of wild stocks estimated to be overexploited and another 50 percent fully
exploited — with little scope for increase (Evans, 2005). Small species, like anchovies and sardines,
which constitute by far the largest component by volume of the global marine catch, are siphoned off
and reduced to fishmeal to meet competing demands in livestock production. While most of this is
now being converted to fish feed for aquaculture, which is growing at a rapid rate, the higher value
fish produced are either exported or sold at prices beyond the reach of most of the worlds’ poor.
Notwithstanding inequities in the production and consumption of higher value farmed fish in many
parts of the world, and the environmental impacts often associated with it, aquaculture remains the
leading hope for bridging the widening gap between demand for fish and fish products and our current
ability to supply it.

Globally, the livelihoods of about 150 million people rely on fisheries, aquaculture and associated
activities and over 20 percent of the world’s 38 million full-time fishers earn less than $1 per day.
Many fishers live in the world's poorest countries where their communities are often marginalised and
landless. As fishing is often the livelihood of last resort and fish often the only source of animal
protein for the poor, the state of the world's fisheries can be critical in the fight against poverty in
many parts the developing world. The export value of world trade in fish — US$ 58 billion in 2002 — is
more than the combined value of net exports of rice, coffee, sugar and tea. Half of global fish trade
comes from developing countries, while global consumption increased by 21 percent between 1992
and 2002. Fish is a major source of protein and its harvesting, handling, processing and distribution
provide livelihood for millions of people as well as providing foreign exchange earning to many
countries (Al- Jufaili and Opara, 2006).

Fish supplies a good balance of protein, vitamins and minerals. It has a relatively 10 percent
calories content hence its role in nutrition is recognised (Akande and Tobor, 1992). Fish and fish
products constitute more than 60 percent of the total protein intake in adults especially in the rural
areas (Adeleye, 1992). They are widely accepted on the menu card and form a much-cherished
delicacy that cuts across socioeconomic, age, religious and educational barriers (Adeleye, 1992). Fish
flesh is one of the best sources of protein. Its flesh is tender due to bundles of muscle fibers, which are
held together by fibrous material when heated (Fagade, 1992). It is better digested than beef or other
types of protein. In Nigeria, fish is eaten fresh, preserved or processed. The percentage composition of
the different methods of fish disposed for consumption in the artisanal sector according to Tobor
(1984) are as follows; live fish 7 percent, fresh fish 27 percent, smoke dried 45 percent, sun dried 20
percent salted and sun dried 10 percent.

Meanwhile, a wide variety of production systems, such as cages, ponds, tanks and raceways are
being used for fish production (aquaculture), freshwater and marine environments in Africa. These
systems are being used in small, medium and large scale operations and at various levels of intensity

(Machena and Moehl, 2001). Currently, earthen ponds are the dominant production system in Africa.
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A major proportion of public sector research and development effort has been directed towards
increasing the productivity of pond systems. In order to increase the production potential of
aquaculture in Africa, research and development should focus on a wider range of production systems
for fish farming and on increasing the intensity of production in fishponds to help farmers achieve
higher yields. The future of aquaculture in Africa lies in increasing production efficiencies and
intensities so as to produce more fish using less land, water and financial resources. Also, an
understanding of the causes of variability in production seasons is very crucial especially in the face of
rapidly changing climate. Seasonal weather forecasts and early warning systems are frequently
suggested as useful for informing the management of climate risks. But, as shown by Adejuwon et al
(2007), they require an effective knowledge network to deliver their promised benefits. Seasonal
forecasts are made for West Africa and Nigeria, but few farmers use them. Their reliability is low, the
variables forecast are not ones that are most relevant to farmers’ decisions, and the spatial resolution
of the forecasts is coarse compared to what farmers’ need. The forecasts are poorly disseminated, are
delivered only shortly in advance of the forecast period, do not regularly reach smallholder farmers,
and are in forms that are not readily understood by farmers.

A number of steps can be taken to improve this knowledge network so that farmers are provided
with forecasts that they would use. Agricultural extension agents, working with both farmers and
forecasters, could help forecasters to focus on the climate variables and spatial resolutions that matter
to farmers and provide feedback from farmers to the forecasters about the performance and utility of
the f