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Impact of Climate Variability on Cassava Yield in the Humid Forest Agro-Ecological
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ABSTRACT: This study examined cassava yield response to variable climate in the humid forest agro-ecological
zone of Nigeria. The data employed for this study was sourced from the archives of Nigeria Meteorological Agency,
Lagos State and Ogun State Agricultural Development Program, Abeokuta. Bivariate correlation, multiple regression
and Z-distribution were employed for data analysis. Results show that monthly, seasonal and annual rainfall did not
affect the yield of cassava but monthly, seasonal and annual minimum and maximum temperature was significantly
related to cassava yield at p < 0.05. Non-climatic factors have a greater influence on cassava yield than climatic factors
in the study area. Nevertheless, climatic factors influenced cassava yield more at Abeokuta than Ijebu-Ode. Cassava
yield was lower from 1987-1993 (with negative significant impact in 1987 and 1988 at p < 0.01) than 1994-2012. These
results demonstrated that climate variability needs to be taken into account in cassava impact assessment.
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Variability of agricultural yield depends on weather
and climate. Rainfall, temperature, humidity and
sunshine (day length) are important climatic elements
that influence cropping production (Sowunmi and
Akintola, 2010). The overall predictability of these
climatic elements is imperative for the day-to-day and
medium term planning of farm operations. Other
factors that influence the variability of agricultural
yield include adoption of common high-yielding
varieties, uniform planting practices, common timing
of field operations, soil nutrients, and increased
fertilizer use (Tollini and Seagraves, 1970; Hazell,
1984; Anderson and Hazell, 1987; Roumasset et al.,
1987; Nwaobiala and Nwosu, 2014). Thus, to improve
the production of any crop it is important to identify
the climatic factors that affect the agricultural
segment. Cassava (Manihot esculenta) is a perennial
woody shrub with an edible root, which grows in
tropical and subtropical areas of the world
(Onyenwoke and Simonyan, 2014). It is among
several root crop varieties and is one of the main root
crops growing in many developing countries located
in a low latitude region (Sangpenchan, 2009).
Portuguese traders introduced cassava to Africa from
Brazil in the 16th century (Okigbo, 1980). It was
initially adopted as a famine-reserve crop. In the
Democratic Republic of Congo where the crop was
first introduced, millet, banana and yam were the

traditional staples but farmers adopted cassava
because it provided a more reliable source of food
during drought, locust attack and during the hungry
season. Cassava is grown throughout the year, making
it preferable to the seasonal crops of yam, beans or
peas (Ajayi, 2014). It displays an exceptional ability to
adapt to climate change with a tolerance to low soil
fertility, resistance to drought conditions, pests and
diseases, and suitability to store its roots for long
periods underground even after they mature. The
importance of cassava lies in its diverse use as food,
fiber and energy sources. The cassava root can be
transformed into several end products both by food
industries (e.g. pellets, chips, flour, sweetener etc.) and
non-food industries (e.g. bio-ethanol) (Sangpenchan,
2009). As a cash crop, Cassava generates cash income
for the largest number of households in comparison to
other staples. It is very rich in carbohydrates and can
be produced all year round. The world cassava output
shows Africa as the major producer, with Nigeria
consistently been ranked as the world’s largest
producer since 2005 (FAOSTAT, 2012). Other top
producers are Indonesia, Thailand, the Democratic
Republic of Congo and Angola. Nigeria output was
36,822 million tones in 2009, 42,533 million tones in
2010 and estimated to be 52,403 million tones in 2011
and 57 564 million tones in 2012 respectively (FAO,
2012). Comparing the output of various crops in
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Nigeria, cassava production ranks first, followed by
yam production at 27 million tones in 2002, sorghum
at 7 million tones, millet at 6 million tones and rice at
5 million tones (FAO, 2004).

Despite the fact that cassava plant grows and produces
well in the Nigerian environment, it has shown
different growth behaviour and yield in different years
as a result of differences in the annual weather
condition (Enete, 2003). This is because climate
variability has possibility of degrading soil and water
resources and subsequently subsistence agricultural
production, which is largely practiced by root and
tuber crops farmers (Nwaobiala and Nottidge, 2013;
Nwaobiala and Nwosu, 2014; Pidwirny and Sidney,
2007). Ogun state is one of the leading cassava
producing states in Nigeria and is sensitive to climatic
variability most especially rainfall and temperature.
The impact of climatic variation on cassava yield in
the humid forest agro-ecological zone of Nigeria with
particular reference to Ogun State is yet to be carried
out, hence this study. The objectives are to: identify
and assess the significance of the climatic variables
responsible for changes in cassava yield; determine the
proportion of cassava yield variability that can be
ascribed to climate variability; and assess the impact
of the climatic conditions on cassava yield over the
period of assessment.

MATERIALS AND METHODS

The Study Area: The study area, Ogun State is
situated between latitudes 6.2 °N and 7.8 °N and
longitude 3.0 °E and 5.0 °E (Fig. 1}. It covers a total
area of 16,409.26 sq km. It is part of the humid forest
agro-ecological zone of Nigeria. Ogun state is located
in the moderately hot, humid, tropical climatic zone of
southwestern Nigeria. It enjoys a tropical climate
governed by the Intertropical Discontinuity (ITD). The
ITD marks the boundary line between two air masses
— tropical maritime air mass (mT) reaching the land
from the gulf of Guinea and the tropical continental air
mass (mT) which originates from the Sahara desert
(Adejuwon, 2016). Rain falls when an area is under
the influence of the tropical maritime (mT) air mass,
while dryness prevails when an area is dominated by
the tropical continental air mass (cT). The wet season
is from March to October and dry season is from
November to February. The average rainfall ranges
from 1016 to 1270 mm while the annual temperature
is 27°C.

Data Collection and Analysis: Rainfall and
temperature data from 1987 to 2012 was used for this
study. The data were obtained from the archive of the
Nigerian Meteorological Agency (NIMET) Oshodi,
Lagos state, Nigeria. Cassava yield data was collected
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from Ogun State Agricultural Development Program
(OGADEP) from 1987 to 2012. Bivariate correlation
and regression analysis were conducted using
Statistical Package for Social Sciences (SPSS)
(Einstein and Abernethy, 2000). The climate variables
used in the bivariate correlation analysis included
mean annual, seasonal totals and monthly rainfall and
temperature (maximum and minimum) during the
growing season for the stations of Abeokuta and Ijebu-
Ode.
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Fig.1: Agro-ecological zones in Nigeria and the study
area

The growing season is the period of the rainfall
duration from rainfall onset to cessation. It is known
as the wet season, which extends from March to
October in Southwestern Nigeria (Adejuwon et al.,
1990; Bello, 1996; Adejuwon, 2010). In the regression
analysis, the dependent variable was the yield of
cassava while the independent variables were mean
annual rainfall and temperature (maximum and
minimum). Z- Distribution analysis shows the spread
of cassava yield variables and the significant year of
the impact. Z-distribution anomalies are the only valid
statistical technique to use when the data is normally
distributed (Ayanlade et al, 2010). The cassava yield
array was converted to a Z-distribution format varying
in magnitude from -3 to +3. The Z-distribution
anomaly is mathematically expressed as:

X—x

Z — distribution =

Where: X is the annual cassava yield, x is the mean
annual cassava yield and o is the standard deviation.

RESULT AND DISCUSSION

Monthly, seasonal and annual rainfall had no
significant relationship with cassava yield in the study
area (Tables 1, 2 and 3). The relationship between
monthly, seasonal and annual minimum and maximum
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temperatures and cassava yield are not significant at
Ijebu-Ode. The only exception is the September
maximum temperature that had a positive relationship
(p<0.05) with cassava yield. The relationship
(p<0.05) between monthly minimum (May - r = -
0.483, June - r =-0.501, July - r =-0.443, August -r =
-0.498, September - r = -0.410 and October - r = -
0.406), monthly maximum (May - r = -0.532, July - r
= -0.523, August - r = -0.599 and September - r = -
0.421) and cassava yield are negatively significant at
Abeokuta (Table 1). Also, the seasonal minimum (r =
-0.552) and maximum temperatures (r = -0.452) and
cassava yield as well as annual minimum (r = -0.431)
and maximum temperatures (r = -.579) and cassava
yield are negatively significant at Abeokuta (Tables 2
and 3). Negative significance in both minimum and
maximum monthly, seasonal and annual temperatures
and cassava yield implies that an increase in minimum
and maximum monthly, seasonal and annual
temperature led to a decrease in cassava yield while
positive significance in maximum temperature and
cassava yield implies that an increase in maximum
temperature led to an increase in cassava yield.
Temperature (minimum and maximum) is the climatic
element most useful for the yield of cassava. Monthly
temperature (minimum and maximum) during the
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growing season, seasonal and annual temperature are
very important in this regard. However, increase in
minimum and maximum temperature is detrimental to
cassava yield. It was only in the month of September
that increase in maximum temperature increases the
yield of cassava at Ijebu Ode. This could not be
divorced from the fact that rainfall is at its maxima at
this period. July and September are the two rainfall
maxima months in southwestern Nigeria (Adejuwon,
2010). Monthly temperature data over the years in the
study area has shown that there is increase in
temperature from August to September. However, the
effect of the increased temperature was cushioned by
the increased rainfall. The influence of rainfall,
maximum temperature and minimum temperature on
cassava yield in Ogun state is shown in Table 4. The
coefficient of determination (R?) is higher in
Abeokuta. Annual rainfall and minimum temperature
had no significant influence on cassava yield at Ijebu-
Ode and Abeokuta. Only maximum temperature had
an influence on cassava yield at both Ijebu-Ode and
Abeokuta. The coefficient of determination revealed
that 7% of cassava yield was determined by climate
variability at [jebu-Ode.

Table 1: Correlation coefficient (r) between monthly rainfall, minimum temperature, maximum temperature and cassava yield

Station Climate Months
Variables Mar Apr May Jun Jul Aug Sept Oct
Ijebu- Ode  Rainfall 0.032 -0.178 -0.285 0.281 0.012 -0.123 0.285 0.166
Min Temp -0.005  -0.101 -0.03 0.096 0.006 -0.025 -0.007 0.108
Max Temp -0.112 -0.062 -0.074 0.215 0.38 0.273 0.389* 0.124
Abeokuta Rainfall 0.106 -0.181 0.141 -0.126 -0.249 -0.238 -0.248 0.149
Min Temp -0.312 -0.293 -0.483* -0.501%*  -0.443* -0.498** -0.410% -0.406*
Max Temp -0.305 -0.332 -0.532% -0.371 -0.523%*%  -(.599%* -0.421* -0.091

*significant at o < 0.05; **significant at a < 0.01

Table 2: Correlation coefficient (r)) between seasonal Rainfall, Maximum temperature, Minimum temperature and cassava yield

Station Seasonal Rainfall Min Temperature Max Temperature
Ijebu- Ode -0.148 0 0.191
Abeokuta -0.265 -0.452* -.552%*

*significant at o < 0.05; **significant at a < 0.01

Table 3: Correlation coefficient (r) between Annual Rainfall, Maximum temperature, minimum temperature and cassava yield

Station Annual Min Max
Rainfall Temperature Temperature

Ljebu-Ode -0.275 0.14 0.138

Abecluta 0275 0.431% . 570

*significant at a0 < 0.05; **significant at a < 0.01

Table 4: Influence of Rainfall, Maximum Temperature and Minimum Temperature on Cassava yield

Station Regression Model R R? A
Ijiebu-Ode  -0.01( rainfall) + 2.33 (min temp) -2.13(max temp) + 4.12 0.265 0.07 0.65
Abeokuta  -0.04(rainfall) - 0.78 (min temp) -1.54 (max temp) + 84.87 0.68 0.46 0.003

The implication is that 93% of variance in cassava is explainable by other factors than climatic elements. The
coefficient of determination revealed that 46% of cassava yield was determined by climate at Abeokuta. This
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implies that 54% of variance in cassava yield is explainable by non-climatic factors. Such factors include soil
characteristics, farming methods, planting dates, weeds, fertilizer application, pest and diseases, harvesting and
so on. Hazell (1984) and Anderson and Hazell {1987) observed that, adoption of common high-yielding varieties,
uniform planting practices, and common timing of field operations, have caused yields of many crops to become
more sensitive to the weather, especially in developing countries. Roumasset et al. (1987) and Tollini and
Seagraves (1970) argued that increased fertilizer use has had an impact in cassava yield. According to IPCC
(2007), the two major climatic elements that affected crop yields and production are reduced amount of
rainfall/drought and increased temperature (°C). Rainfall amount, intensity, duration, occurrences, distribution
and variability are of paramount importance for plant growth. The daily, weekly and seasonal variability in the
value of rainfall is sometimes more important in the determination of the efficiency of crop growth and yield than
the mean value. Rainfall has been found to be the most important climatic element in the tropics (Adejuwon,
2008), yet, the monthly, seasonal and annual rainfall had no significant relationship with cassava yield. This
shows that rainfall is needed for cassava growth and productivity but not the most important climatic element.
Cassava can still produce in the presence of bellow average rainfall. Philips (2005) noted that cassava grows well
even in extreme conditions of drought and as such has been called a famine security. Cassava is very tolerant and
has the ability to grow on marginal land where other food crops cannot grow well, but for its high yield and
productivity, moderate climatic condition and best soil properties like light, sandy loam soil of medium fertility
and good aeration or drainage are all crucial (Akanbi and Olabode, 2004). Though, extreme weather conditions
such as prolonged drought and excessive amount of rainfall that leads into flood may be detrimental to cassava
outputs.
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Fig 2: Cassava yield anomalies in Ogun State from 1987 - 2012

Cassava yield anomaly in the study area is shown in These years signify cassava yield failure and
Figure 2. The anomalies of cassava yield are negative inadequate food supply, caused by drought. Cai et al,
for 7 years and positive for 19 years during the 26 (2009) noted that greater temperature and precipitation
years of study. Two (2) of the anomalies are significant variability may lead to more variable soil moisture and
at Z = 1.66 and at 99% level of significance. This crop yield, and larger soil moisture deficit and crop
shows that 24 of the anomalies depict ordinary yield reduction are likely to occur more frequently.
departure from normal yield, which does not impact so
much on farmers’ means of living. Cassava yield was Conclusion: This study has shown that monthly,
negatively significant in two years (1987 and 1988) at seasonal and annual rainfall do not affect the yield of
p < 0.01 of the 26 years under investigation. cassava significantly while monthly, seasonal and
annual maximum and minimum temperature affected
This shows that 24 of the anomalies depict ordinary  cassava yield. Non-climatic factors have a greater
departure from normal yield, which does not impact so influence on cassava yield than climatic factors in the
much on farmers’ means of living. Casssava yield was study area. The study also revealed that the climatic
mostly favourable to farmers in 2012 when climatic factors influenced cassava yield more at Abeokuta
condition appears to be the best. The drought of 1987 than Ijebu-Ode. Yield was below average in the early
makes it the worst year for cassava yield. Rainfall was years, with negative significant impact in 1987 and
very low during the early months of the growing 1988 at p < 0.01, but has been on the increase till the
season (March to May). The most challenging moment end of the investigative period.
for farmers is the period of significant negative yield.
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