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Abstract

There is an increasing awareness that the climate is changing and its changing
impact has been significant on agricultural produce. This change is posing a
major threat to agricultural development in Nigeria. Cocoa cultivation is one
of the major cash crops in Ondo state and also a major agricultural produce
which contributes significantly to employment generation and foreign ex-
change in the country. It has been observed that the production of cocoa over
the years has been marked with fluctuations which could be attributed to the
change in climate over the years. The objectives of this study include: ex-
amining the variation in the trend of cocoa production; and assessing the ef-
fects of climate variability on cocoa production for the year under review.
This study made use of secondary data which included data on climatic va-
riables (mean annual temperature, mean annual rainfall and mean annual
humidity) and cocoa output from 1976-2020. This study employed mainly
inferential statistics for data analysis—trend analysis, correlation and regres-
sion. Trend analysis was used to examine climatic variables and cocoa pro-
duction. The correlation analysis was used to show the relationship between
the climatic variables and the cocoa yield. Also, regression analysis was used
to evaluate the effect of the climatic variables on cocoa production. Trend
analysis reveals fluctuations in climatic variables and cocoa output over the
years of study. Correlation analysis shows an inverse relationship between
rainfall and cocoa output while regression analysis shows that humidity and
temperature are expected to increase cocoa output. For a sustainable cocoa
production, it is recommended that both governmental and non-governmental
organizations should employ more extension agents to guide and enlighten
cocoa farmers on climate change, its effects and the appropriate coping strat-
egies.

Keywords

Climate Variability, Cocoa, Humidity, Rainfall, Temperature

DOI: 10.4236/ajcc.2021.104020 Nov. 29, 2021

396 American Journal of Climate Change


https://www.scirp.org/journal/ajcc
https://doi.org/10.4236/ajcc.2021.104020
https://www.scirp.org/
https://doi.org/10.4236/ajcc.2021.104020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

0. 0. Bukola et al.

1. Introduction

The United Nation Framework Convention on Climate Change (UNFCCC) de-
fines climate change as a change of climate which is attributed directly or in-
directly to human activities that alter the composition of the global atmosphere
and which are in addition to natural climate variability, observed over compa-
rable time periods. On the other hand the Intergovernmental Panel on Climate
Change (IPCC) defines climate change as a statistically significant variation in
either the mean state of the climate or in its variability, persisting for an ex-
tended period (typically decades) (IPCC Working Group I, 2001). Climate
change is a major challenge facing the global environment now and it is argua-
bly the most threatening environmental problem of our time. Climate change
effect is more pronounced in Africa because of its location, its sole dependence
on agriculture and its generalized incapacity to cope and adapt to climate ex-
treme (FAO, 2003; Bolaji-Olatunji et al., 2010). The adverse effect of climate
change continues to be a major threat to rural livelihoods (Pouliotte et al.,
2009). It imposes constraints to development especially among small holder
farmers whose livelihoods mostly depend on rain-fed agriculture (IPCC, 2007;
Tanner & Mitchell, 2008). In Nigeria, increased agricultural production is very
essential for rural poverty alleviation. However, climate change is notable among
the major constraints that are to be addressed. Medugu (2009) indicated that
recently, persistent drought, flooding, off-season rain and dry spells have dis-
rupted crop growing seasons in many Nigeria agro-ecological zones. This means
that any change in climate will definitely affect agricultural practices in Nigeria
since agriculture in Nigeria is mostly rain-fed. The impact could, however be
measured in terms of effects on crop growth, availability of soil water, soil ero-
sion, incidence of pest and diseases and decrease in soil fertility (Adejuwon,
2004). However, findings by Odjugo (2010) revealed that since 1901 trend of
temperature in Nigeria shows increasing pattern. This increase was gradual
until late 1960s and this gave way to a sharp rise in air temperature from the
early 1970s which continued till date. Likewise rainfall trend between 1901 and
2005 shows a general decline. Within 105 years, rainfall amount in Nigeria
dropped by 81 mm. The declining rainfall became worst from the early 1970s
and the pattern has continued to date. This period of drastic rainfall decline
corresponds with the period of sharp temperature rise. Although there is a
general decrease in rainfall in Nigeria, the coastal areas of Nigeria are observed
to be experiencing slightly increasing rainfall in recent times. This is a clear
evidence of climate change because a notable impact is increasing rainfall in
most coastal areas and decreasing rains in the continental interiors (NEST,
2003). Odjugo (2010) observed that the number of rain days dropped by 53%
in the north-eastern Nigeria and 14% in the Niger-Delta coastal areas. Nige-
ria Meteorological Agency (NIMET, 2011) noted that in August 2010, some
places in the Southwest including Ondo state recorded rainfall values that

were 200% - 300% higher than normal and is the largest cocoa producer in
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Nigeria; it has records of fluctuations in some climatic parameters, especially
rainfall, temperature and sunshine hours. Therefore, understanding the effect
of climate change on cocoa production is needed to cope with the expected
changes in climatic parameters most especially temperature, rainfall and rela-
tive humidity.

Agricultural practice is one of the most important primary activities of people
as a means of livelihood and development. Indeed, it is the bedrock of every
economic development and it is doubtful to attain a meaningful level of eco-
nomic progress without developing the agricultural sector. Of all agricultural
produce in Nigeria, cocoa is the leading non-oil foreign exchange earner but
dominance of smallholders and inadequate farm labour due to urbanization and
climate variability hold back production.

Cocoa production in Nigeria is one of the major agricultural products which
contribute significantly to employment generation and foreign exchange for the
country. The main producing states are Ondo, Ekiti, Oyo, Osun, Ogun, Delta,
Edo, Cross Rivers and Akwa Ibom. Since the introduction of cocoa to Nigeria, it
has grown to become a major export crop (Oyedele, 2007). Wilcox and Abbot
(2004) identified Nigeria as the third largest cocoa producing country in Africa
producing about 12% of the total world production behind Ivory Coast and
Ghana that produces 35% and 13% respectively. Presently, Nigeria’s capacity of
cocoa production has grown to about 385,000 metric tons per annum, a signifi-
cant increment of 215,000 metric tons from year 2000 production level. This put
Nigeria fourth among the highest cocoa producing nations in the world behind
Ivory Coast, Indonesia and Ghana (Erelu, 2008).

Cocoa plant is highly sensitive to changes in climatic factors such as sunshine
hour, rainfall, soil, air and temperature. Stages of development of pests and pa-
thogens are influenced by climate change and this affects cocoa yields. Cocoa
seedling mortality is encouraged by drought, in like manner, water deficit in co-
coa plant results in low yield and increase in the level of capsid damage. Cocoa is
known to produce well with minimal but sustained water availability throughout
the year (Obatolu et al., 2003). Blackpod diseases account for quite a lot of cocoa
production losses by attacking the ripened or very young pods. This is mostly
prevalent during wet season and in damp situations.

Agricultural practice in Ondo state is rain-fed and solely dependent on cli-
matic variables. However, cocoa yield in the state is determined by the rainfall
variability, since agricultural production in part of the tropic is rain-fed, and re-
cognizing that the constraints of rain-fed agriculture in Nigeria is as a result of
erratic rain distribution (Jonathan et al., 2009). A number of factors have inter-
related impacts on the growth of cocoa plant. These factors range from weather
elements of rainfall, temperature, sunlight and humidity to others such as soil
nutrient status, pest and diseases, farmers planting practices and so on. In this
regard, this study examines the effect of climate change on cocoa production in

Ondo state. The specific objectives are to:
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1) examine the variation in the trend of cocoa production from 1976-2020;
2) determine the effects of climatic trend on cocoa production for the same

period as indicated above.

2. Materials and Method
2.1. Study Area (Figure 1)

Ondo state was created on the 3rd of February, 1976 and it is made up of 18 Lo-
cal Government Areas. The state lies between Longitude 4°30" and 6° East of the
GMT, and Latitude 5°45"N and 8°15"N of the Equator. It has land area of 15,500
km?”. It is located in the Southwestern part of Nigeria. The climate of the state is
of the tropical rainforest type, characterized by distinctive wet and dry seasons,
mean annual temperature of 27°C and mean annual rainfall of 2000 mm asso-
ciated with relative humidity of not less than 70%. The natural vegetation is typ-
ical of the high forest composed of many varieties of hard timber such as Milicia
excels (iroko), Terminaliaivorensis (black afra), Heveabrasiliensis (rubber), etc.
Over most part of the state, the natural vegetation has been very much degraded
due to human activites. Tree crops cultivated in the study area include cocoa,
kola, coffee, rubber, oil palm and citrus while food crops include cassava, yam,
maize, plantain, cocoyam, okro and vegetables. Large proportion of the popula-
tion of the study area engages mainly in agriculture with few in the public ser-

vice employment.

2.2. Source of Data

Secondary data was used mainly for this study. Data on climatic variables were
collected from the Agro-Climatological Department, Ondo state Ministry of Agri-
culture, Fisheries and Forest Resources, Akure. Also data on Cocoa output was
obtained from the Department of Produce Services, Ondo state Ministry of Nat-

ural Resources, Akure.

2.3. Method of Data Analysis

Inferential statistics was employed mainly for this work. Trend analysis was used
to examine the trends of climatic variables and cocoa output from 1976-2016.
Regression analysis was used to estimate the effect of these climatic variables on

Cocoa output.

3. Results of Findings and Discussion

3.1. Trend Analysis of Some Climatic Variables in the
Study Area from 1976-2016

The mean annual record of temperature of Ondo state in Figure 2 reported the
trend of mean annual temperature from 1976-2020.

The analysis above showed a slight increase from year 1976 to 1979 and a sud-
den drop in 1980. A stable temperature trend was experienced between years

1981 and 1985 but declined in year 1986. The mean annual temperature pattern
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Figure 1. Map of Ondo State showing the three largest cocoa producing LGAs. Source: Modified after min-

istry of natural resources, Ondo State, Akure (2021).

fluctuated with the year 2001 recording the lowest value of 21.52°C. Also there
was a sharp rise in 2014 (29.93°C) which marked the highest mean annual tem-
perature ever recorded in the study area. However, the decrease in the mean
temperature of the year 2020 could be as a result of the coronavirus pandemic
where there were no or lesser industrial activities as well little or no vehicular
movement due to the lockdown.

The trend of mean annual rainfall from 1976 to 2020 in Ondo State is reflected
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Figure 2. Trend of temperature in the study area. Source: Authors’ compilation (2021).

in Figure 3. Rainfall pattern fluctuated throughout the study period. It showed
an increasing trend from year 1976 to 1978 then dropped in 1979 while on a de-
crease from 1981 to 1984. The highest mean annual rainfall of 2542.30 mm was
recorded in the year 1985. The lowest mean annual rainfall was recorded in the
year 1983 (1257.30 mm).

The mean annual relative humidity of the study area as shown in Figure 4 re-
flects a decreasing trend from the year 1979 to 1985 and relatively stable between
1986 and 1989. The figure also showed dwindling and fluctuating occurrences
along the year path with year 2008 recording the lowest (70.13%) while 1979 had
the highest mean annual relatively humidity (86.08%).

The fluctuations in these climatic variables could be said to be caused by the
changes in the atmospheric constituents. This is related to the amount of parti-
culate matters (aerosols) present in the atmosphere as well as carbon dioxide,
water vapour and variation in ozone layer. Atmospheric constituents have a sig-
nificant role in the energy budget of the earth through regulating energy ex-
change between the earth and the sun (Matsui & Pielke Sr., 2006; Knorr, 2009).
Also these fluctuations could be attributed to changes in the vegetal cover of the
earth. Vegetal surfaces have different albedo compared to the bare surfaces,
changes in the vegetal cover of the earth surface means changing the amount of

energy recipient on the earth.

3.2. Trend of Cocoa Production in the Study Area

The trend in cocoa production in Ondo state between 1976 and 2020 is shown in
Figure 5. Cocoa production in the study area showed a fluctuating pattern
throughout the years under review. It showed an increasing trend from 1976 to
1978 but dropped in 1979. Also, it showed an increasing trend from 1986 to
1988. Cocoa output was on a decrease from 1993 to 1998. In the year 1988 the
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Figure 3. Trend of rainfall in the study area. Source: Authors’ compilation (2021).
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Figure 4. Trend of relative humidity in the study area. Source: Authors’ compilation
(2021).

study area recorded highest cocoa production of 110,457 MT, higher than any
other year. Year 2000 recorded the lowest production of 24,027 MT. The figure
equally showed a dwindling and fluctuating occurrences along the production
path from year 2001 to year 2016. Fluctuation in cocoa production witnessed

could be as a result of the fluctuations recorded in the climatic variables.

3.3. Relationship between Climatic Elements and Cocoa Output

Correlation and multiple regression analysis were conducted to examine the re-
lationship between Cocoa output and some selected weather variables-rainfall,
temperature and humidity in the study area. Table 1 shows the degree of rela-

tionship between Cocoa output in Ondo State and climatic variables. It reveals
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Figure 5. Trend of cocoa production in the study area. Source: Author’s compilation
(2021).

Table 1. Relationship between the cocoa yield and climatic variables.

Dependent Pearson Independent Variables
Variables Correlation Temperature  Rainfall Humidity
Value .309 -.139 414
Cocoa Sig (2tailed) .049 .387 .007
Number 45 45 45

that there is a weak linear relationship between temperature and Cocoa output.
r(39) = .31, p < .01. Similarly humidity and Cocoa outputs were correlated.
r(39) = .41, p < .01. This means that as temperature and humidity increase, co-
coa output tend to increase. These results are statistically significant.

This is in line with Adejuwon and Odekunle (2006) assertion that although
cocoa plant will survive above 32°C since the upper temperature limit is not well
defined and shade cover will influence maximum temperatures for the cocoa
tree though high temperature may affect bean characteristics and yield. On the
other hand, Table 1 showed an inverse relationship between rainfall and Cocoa
outputs in the study area. r(39) = —.14, p = .387. It can further be observed that
the inverse relationship between Cocoa output and rainfall is not statistically
significant. This means that the effect of rainfall on cocoa production is minimal.
This may be as a result of different chemicals used by cocoa farmers to improve
cocoa yield as a substitute for insufficient rainfall.

From Table 2, the Adjusted R value is .181, while R* value is .243. This means
that the independents variables (Rainfall, Temperature and Humidity) contri-
bute 24.3% to the variability of the dependent variable (Cocoa-output) between
1976 and 2020. This result is statistically significant, (p = .015).

In addition, from Table 3, humidity had a significant regression weight of .352, p
=.022, while temperature had a non-significant regression weight of .259, p = .085.
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Table 2. The effect of climatic variables on cocoa output (regression).

. Standard
) Adjusted .
Model R R R Error of Durbin-Watson
Estimate
1 1493 24.3% 181 16,528.14635 1.404

**Significant at 5%.

Table 3. The significance level of each climatic variable on cocoa yield.

Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model t  Sig.
Std.
B Beta Tolerance VIF
Error
(Constant) -166,259.034 76,451.745 -2.175 .036
Temp 4227.727 2391.198 259 1.768 .085 952 1.050
1
Rain -6.701 8.129 —-.120 -.824 415 966 1.035
Hum 1666.141 695.474 .352 2.396 .022 946 1.057

The implication of this is that high humidity and temperature are expected to
increase Cocoa outputs in the study area. On the other hand, rainfall had a

non-significant and regression weight of —.824, p = .415.

4. Conclusion

Climate change in this dispensation is a global phenomenon affecting every facet
of life. The effect ranges from unpredictable climate to variation in weather ele-
ments. This is significantly affecting the economic strength of individual nation
globally. However, there is an increasing awareness that the climate is changing
and its changing impact has been significant on agricultural produce. This change
is posing a major threat to agricultural development in Nigeria. Cocoa cultiva-
tion as one of the major cash crops in Ondo state and also a major agricultural
produce which contributes significantly to employment generation and foreign
exchange in the country has been observed with marked fluctuations which could
be attributed to the change in climatic variables over the years.

In view of the above, the study however, concluded that the climate of Ondo
state is not stable and this amongst other factors has brought about fluctuations
in cocoa production in the study area for the last forty-five years (1976-2020).
The study also revealed based on the result of the regression analysis that means
annual temperature and mean annual relative humidity had a considerable effect

on cocoa production with humidity being the most important factor.

Recommendation

Evidence shown in this research reveals the effect of climate change on cocoa

production. Recommendations that stem from this finding include the following:
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e Government should ensure that fungicides for spraying cocoa tree to prevent
incidence of black diseases are available to farmers at affordable prices.

e Both the governmental and non-governmental organizations should employ
more extension agents to guide and enlighten cocoa farmers on the use of dif-
ferent cocoa tree chemicals and seed varieties that can cope with different cli-
matic conditions.

e Accessible loans and credit facilities should be made available to cocoa far-
mers in order to purchase required chemicals and seed varieties needed to
adapt to climatic variability.

e Also, research efforts should be made towards developing low cost dryers to
dry cocoa beans mostly during rainy season. This could be achieved by revi-
talizing our research institutions.

e Cocoa farmers need to be educated on climate change, its causes and effects
as well as the appropriate strategies to cope with it. This could be made rea-

listic by the involvement of relevant stakeholders.
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