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Abstract
Temperature and rainfall are important variables that affect maize yield, and
as such this study aimed at evaluating the impact of onset, cessation of rainfall and temperature on maize yield in Akure. To achieve this objective, climatic parameters comprising daily rainfall and temperature (maximum and
minimum temperature) 1981-2016 for Akure, were obtained from the archives of the Nigerian Meteorological Agency, NiMet. Annual maize yield data
for the same period 2000-2016 were obtained from Ondo State Agricultural
Development Programme. Walter’s method, as modified by [1], was then
used to determine the onset, cessation and length of growing season. The significance of the annual trend of these climatic parameters was also tested using an approach involving z-test and p-value analysis. Likewise, the significance of all the climatic parameters contributing to maize yield was also determined based on the p-value approach under a null hypothesis. The coefficients of determination (R2) and Pearson correlation coefficient (r) in relation
to the SLR and MLR models were calculated. The result showed a slight decreasing trend of rainfall, increasing trend of maximum, minimum and maize
yield. Their associated p-values are 0.6925, 0.5794, 0.5136 and 0.0630, which
showed that the trend over the years was not statistically significant at the 1%,
5% and 10% levels; however maize yield was significant at 10% significant
level. The mean onset, cessation and length of growing season for Akure were
8th March ± 9, 21st October ± 21 and 239 days ± 27 days. The relationship
between maize yield and all climatic variables in association with SLR model
showed that rainfall was the major contributing variable to maize yield in
Akure, Ondo State at all significant levels (p-value (0.009539) < 0.01, 0.05 and
1 r = 61%, R2 = 37%). The p-value in association with MLR model, also
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showed that rainfall was significant at 5% and 10%. P (0.019412) < 0.1 and
0.05, r = 72%, R2 = 51%.
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1. Introduction
The knowledge and variation of rainfall onset, cessation and length of the growing season both at national and international level is paramount, as many agricultural activities and planning for sustainable food yield depend on rainfall for
land preparation, seed/crop planting and harvesting [2].
[3] observed that the irregularity of onset and cessation of the rainy season
across many regions over the years had made it difficult for farmers to optimize
the seed planting period and adjust to the length of the growing season. The resultant effect is the decrease of agricultural yield and an increase in the risk of
hunger.
In most tropical regions, rainfall onset and retreat dates are important parameters in the agricultural calendar [3]. Especially as many regions over the
world are expected to experience substantial modifications as a result of climate
variability. These changes are expected to affect the onset and cessation of the
rainy season which has become irregular over the years [4]. Posing a problem for
farmers as regards optimization of the seed planting and the need to adjust to
the length of the growing season [5] [6]. Therefore, the determination of the onset and retreat dates of the rainy season in various regions across the world has
become a challenge for many researchers [7].
In Nigeria, rain falls in different months of the year at different places, as the
rain belt appears to follow the relative northward and southward movements of
the sun [8]. In this situation of a marked seasonal rainfall regime, variability of
the onset and cessation of rain is highly significant, and its estimation and prediction are necessary [9]. A delay of 1 or 2 weeks in the onset is sufficient to destroy the hopes of a normal harvest while a “false start” of planting, encouraged by a false start of rainfall may be followed by prolonged dry spells whose
duration of two weeks or more may be critical to plant germination and
growth [5].
This paper aims to evaluate the annual variations and patterns in the rainfall
onset/cessation dates, length of growing season and temperature in relation to
maize yield in Akure. The specific objectives of the study are to: determine the
trends in rainfall and temperature, the trend in maize yield of the years covered
by the study, the mean dates of the onset, cessation and length of the growing
season for the period of 2000 to 2016 and examine the Correlation between the
maize yield and rainfall characteristic and temperature in the study.
DOI: 10.4236/acs.2020.102006
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2. Methodology
2.1. Study Area
Akure is a city in south-western Nigeria and is the largest city and capital of
Ondo State. The people of Akure are of the Yoruba ethnic group. The city had a
population of 556,300 as at the 2015 population census. Akure is the capital of
Ondo State, Nigeria situated approximately between geographical coordinates of
(Longitudes 5˚8' and 5˚15' East of Greenwish meridian) and (Latitudes 7˚20' and
7˚10' North of the equator). Capital of Ondo State. Main towns are, Alagbaka,
Araromi, Ijapo Estate, Gbadare Ondo Bye pass, Ijomu, Oba, Owode, Oke AroDanjuma, and so on. It is bounded by Owo Local Government Area in the east,
Akure North and Ifedore Local Government Areas in the north, Ile-Oluji/Oke-Igbo
Local Government Area in the west and Idanre Local Government Area in the
south (Figure 1).
The climate of Akure, Ondo State is equatorial rain forest belt, with distinct
wet and dry seasons. The climate of Akure is influenced by rain bearing southwest monsoon winds from the Atlantic Ocean. High atmospheric temperature
and high relative humidity characterizes the climate. The rainy season last for
about seven months (April-October).

Figure 1. Map of Ondo State showing Akure.
DOI: 10.4236/acs.2020.102006
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2.2. Materials and Methods
Daily rainfall values in mm and daily maximum and minimum temperature
values in (˚C) was used for the study area over 1981 to 2016. Maize yield from
2000 to 2016 for the study area was also used. Daily rainfall and temperature data was obtained from the archives of Nigerian Meteorological Agency from 1981
to 2016. Maize yield for the study area (2000 to 2016) was collected from Agricultural Development Programme in Ondo State. The rainfall total (monthly
and annual amounts) of the study area was computed from the daily rainfall data
collected through cumulative analysis (summation). Other statistical methods
including arithmetic mean, mean deviation, standard deviation, coefficient of
variation and time series analysis were employed to establish the trend in the
annual rainfall amount.
Monthly rainfall amount: This was computed for the study area from the
daily rainfall amount using the equation
MR =

1 n
∑ Ri
n i =1

(1)

where: MR = monthly rainfall amount (mm);
Ri = daily rainfall amount at the study area;
n = number of days in a month;
i = the days of the months.
Annual rainfall amount: The annual rainfall total was calculated for the
study area from the monthly rainfall amount. The equation used is:
AR =

1 12
∑ Ri
12 i =1

(2)

where: MR = monthly rainfall amount (mm);
Ri = daily rainfall amount at the study area;
n = number of days in a month;
i = the days of the months.
The mean monthly rainfall amount: The mean annual rainfall amount for
the period of 36 years was computed for the study area by the equation:
RR j = ∑ j =1 R j 36

(3)

30

where: RR j = the mean monthly rainfall amount for Akure over the 36-year
period.
Arithmetic Mean: Arithmetic Mean or the mean of a set of n-numbers:
x1 , x2 , x3 ,, xn denoted by x is the sum of these variables divided by n. mathematically expressed as:
Mean, x =

∑x

(4)

n

where x = Mean of daily rainfall amount;
∑ x = sum of daily rainfall for the month ( x1 + x2 + x3 +  + xn );
n = number of days in a month.
DOI: 10.4236/acs.2020.102006
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Mean Deviation: Mean deviation was used to measure the extent variability
in the data set. It is expressed mathematically as:
Mean deviation =

∑( x − x )
n

(5)

where x = the rainfall amount in a day/month;
x = Mean of daily/monthly rainfall amount;
n = number of days in a month/months in a year.
Standard Deviation: Standard Deviation is a measure of dispersion of a set of
sample variables from the mean. This, being a basis for measure of variability,
served to collate information on the annual variation of rainfall in the study area.
The formula is given by:

( )

n∑ x2 − ( ∑ x )

S=

2

n ( n − 1)

(6)

where S = Standard deviation;
x = rainfall amount in a day, in a month or year;
n = number of days in a month or year for which rainfall was measured.
Coefficient of variation (C.V)
C.V=

S
× 100
x

(7)

where C.V = Coefficient of variation;
S = Standard deviation;
x = mean.
The test for significance begins with stating a null hypothesis (H0) for the
slope or trend associated to any of the climatic parameter and is usually constructed as follows:
H 0 : Sk = 0 ,

(8)

H1 : S k ≠ 0 .

(9)

where k = 1 or 2 or 3 or 4 or 5 or 6.
Here all the Sk (with k = 1,2,3,4,5,6 ) represent the trend or slope obtained by
fitting any of the climatic parameters to a trend line against time. The trend line
was obtained using method of least squares; the y axis here would be any of the
climatic parameters while the x axis would be time in years, i.e. from 1981 to
2016.
The onset and cessation dates was determined using the Walters formulation
as modified by (Olaniran, 1983). The method is expressed as:
Onset End =

DM
∗ ( 51 − AP )
TM

(10)

where, DM = number of days in the month containing the onset;
TM = total rainfall for the month in which accumulated rainfall exceeds 51
mm;
AP = accumulated rainfall of previous months just before the month in referDOI: 10.4236/acs.2020.102006

129

Atmospheric and Climate Sciences

I. A. Mosunmola et al.

ence;
51 mm = the threshold of rainfall for both Onset/End month.
where such onset date was followed by rainfall amount less than 51 mm, the next
rain day date that is up to 51 mm or more will be chosen. The null and the alternative hypothesis under t-distribution is given by
H0 : βk = 0 ,

(11)

H1 : β k ≠ 0 .

(11b)

where k = 1 or 2 or 3 or 4 or 5.
And here, it would state that the coefficients associated to each of the climatic
parameters, β k (with k = 1,2,3,4,5 ), is zero or insignificant according to the
arrangement given in eqn11. Having stated the hypothesis, a sample is drawn
and the t-value associated with the parameter calculated. Thereafter the corresponding p-value of the parameter determined. If the calculated p-value of the
parameter is less than the level of significance, the null hypothesis would be rejected and it was concluded that the climatic parameter’s contribution to maize
yield is significant at the indicated level of significance If however, the p-value is
greater than the significant level, the null hypothesis cannot the rejected and it
was concluded that the parameter’s contribution to maize yield is not significant
at the indicated level of significance.
The sample correlation coefficient, r is an estimate of the population correlation, ρ and is used to measure the strength of the linear relationship in the sample observations. Correlation ranges between −1 and 1. The closer to −1, the
stronger the negative linear relationship; the closer to 1, the stronger the positive
linear relationship and the closer to 0, the weaker the linear relationship.

r=

∑ ( x − x )( y − y )
 ∑ ( x − x )2   ∑ ( y − y )2 




(12)

where:
r = Sample correlation coefficient;
n = Sample size;
x = Value of the independent variable;
y = Value of the independent variable.

3. Results and Discussion
Results of the study are discussed in the following categories: rainfall, maximum
and minimum temperature trend, maize yield trend, onset, cessation and length
of growing season, relationship between maize yield and rainfall, relationship
between maize yield and onset, relationship between maize yield and cessation,
relationship between maize yield and length of growing season, relationship between maize yield and minimum temperature, relationship between maize yield
and maximum temperature, multiple linear regression model involving maize
yield and the climatic parameters.
DOI: 10.4236/acs.2020.102006
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3.1. Rainfall Trend over Akure
Figure 2 presents rainfall trends over Akure for the period under study. The
temporal or yearly distribution as presented in Figure 2 ranged between lowest
rainfall value of 1026.4 mm in 2001, and highest value of 1903.3 mm in 1991.
The implication of this is that year 1991 presented an opportunity for increased
food yield, but also has the highest risk of flooding and environmental degradation. With an average rainfall of 1428.4 mm and a standard deviation of 108.6
mm, this implies that in any given year annual rainfall over this location could
be expected to increase or decrease by 108.7 mm. A slight downward trend is
observed through the years in the values of this parameter, but is however, rendered not statistically significant at all the chosen levels of significance (0.01,
0.05, and 0.1) based on the calculated p-value (0.6925). The slight decreasing
trend observed in this study agrees with [10] who observed that in the past three
decades, rainfall in the West African region has been decreasing, more importantly, this trend is getting more complex.

3.2. Maximum Temperature Trend over Akure
Figure 3 presents maximum temperature trends over Akure for the period under study. It revealed a slight increase or upward trend indicating that the lowest
maximum temperature of 30.4˚C was recorded in 1986 while the highest maximum value of 31.9˚C was observed in 2011. The associated p-value (0.122) indicates that the trend is not significant at all the chosen levels of significance i.e.
0.01, 0.05 and 0.1 levels based on the hypothesis in Equation (7). Mean temperature of 31.7˚C with a standard deviation of 0.2 and a low inter-annual coefficient of variation of 0.78%. Year 2000, 2010, 2011, and 2016 had maximum
temperatures above the mean value, with temperature values of 31.8˚C, 31.9˚C,
31.8˚C and 31.9˚ C for year 2000, 2010 and 2016. Similarly, year 2004, 2008, and
2014 had temperature values of 30.8˚C, 31.1˚C, and 31.2˚C below the mean

Figure 2. Yearly rainfall trend in Akure (1981-2016).
DOI: 10.4236/acs.2020.102006
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Figure 3. Yearly maximum temperature trend in Akure (1981-2016).

temperature for the period of study with varying maize yield values. The implication of this is that any variation in maize yield may not directly be the result of
temperature variation. This is very good for Akure especially as [11] found that
warming trends in temperature was deemed responsible for suppression of global agricultural productivity during the past 30 years.

3.3. Minimum Temperature Trend over Akure
Figure 4 presents minimum temperature trends over Akure for the period under
study.
An upward trend or increase was observed as postulated by some group of
people that temperatures across the continent have increased by 0.5˚C or more,
with minimum temperatures rising faster than maximum temperatures [12].
[13] also observed that minimum air temperatures affect nighttime plant respiration rates and can potentially reduce biomass accumulation and crop yield.
However, the minimum temperature obtained in Akure may favour maize yield.
A lowest minimum temperature of 20.13˚C was observed in 1992 and highest
minimum of 22.13˚C was observed in 2016. The associated p-value (0.5136) indicates that the trend is not significant at all the chosen levels of significance i.e.
0.01, 0.05 and 0.1 which implies that the slight increase observed is not statistically significant. Standard Deviation of 0.52, Mean minimum 21.8˚C and C.V =
2.4%. Years 2007, 2010 and 2016 had temperature values of 21.9˚C, 22.0˚C and
22.2˚C were all above the mean minimum temperature value, subsequently Year
2000, 2002, 2003, 2006, 2008 and 2013 were 21.1˚C, 21.2˚C, 21.7˚C, 21.2˚C,
21.1˚C respectively had minimum temperatures below the mean values.

3.4. Maize Yield Trend over Akure
Figure 5 presents minimum temperature trends over Akure for the period under
study. It showed that maize yield over Akure has been on the increase during the
DOI: 10.4236/acs.2020.102006
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Figure 4. Yearly minimum temperature trend in Akure (1981-2016).

Figure 5. Yearly maize yield trend in Akure (2000-2016).

period of study. Highest yield figures were observed in 2008 with yield value of
465.7 tonnes and the least in 2000, yield value of 144.2 tonnes. Results of the test
for significance at all levels of significance for the increase so observed showed a
significant upward trend in yield values at 10% level of significance in the study
area. This increase may not be unconnected to the favorable rainfall values earlier observed from the analysis performed while holding other factors of yield
constant. [14] observed that crop yield is more sensitive to precipitation than
temperature. Standard deviation of 196.1 and Coefficient of variation of 69.3%.
The mean yield value was 297.6 tonnes. Years 2000-2005, 2010 and 2015 had low
Maize yield which were below mean maize yield value, while year 2006-2016 had
higher maize yield value except year 2010 and 2015 that had values below the
mean yield value. Most years with higher maize yield values had moderately high
rainfall values, though year 2000, 2002 and 2004 all had low maize yield values
DOI: 10.4236/acs.2020.102006
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despite the high rainfall values observed within the period, which suggest that
other factors of yield like soil properties, rainfall requirements at different stages
of the crop may also be considered for further study.

3.5. Onset Dates of Maize Yield in Akure
Figure 6 depicts a yearly variation in onset dates as rainfall onset dates was early
in some years while other years were late, as noted by [2] who observed that in
some years the rains start early, while in other years it arrives late. This yearly
variation makes the planning of selection and sowing of crop types and varieties
difficult. The mean onset date was 8th of March, coefficient of variation of 13%,
the implication of this is that from one year to the other, onset of rainfall for the
growing season is likely to change from the expected by about 13%. Standard
Deviation of ±9 days, in other words from one year to the next, onset of rainfall
for the growing season is likely to commence 9 days before the expected date,
just as much as it is likely to arrive 9 days later than the normally expected onset
date. The earliest onset date was 22nd Jan 2004 and 3rd of April 2000 was the last
onset date within the period of study which indicated some yearly variations as
observed by [15] that rainfall onset dates could vary remarkably on annual basis.
Most onset dates within the mean value and the expected date of departure from
the mean had high maize yield values, except for year 2002 and 2003 and 2015
and 2016 which suggests that there is a probable chance that early onset dates
will result into higher maize Yield as this will enhance longer length of growing
season as indicated by [16] indicated that earlier onset dates most often led to
longer rainy season. Year 2007, 2009, 2011 and 2014 also had high maize yield
and did not fall within the mean dates, which suggest other factors may be responsible for the high maize yield.

Figure 6. Yearly onset dates of maize yield in Akure (2000-2016).
DOI: 10.4236/acs.2020.102006
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3.6. Cessation Dates of Maize Yield in Akure
Figure 7 revealed an earliest cessation date of 3rd October 2013, and the last cessation date of 26th November 2012 within the period of study. The mean cessation date for the period of study was 21st of October ± 21 days (see Table 1). It
was observed from (Figure 7) that Cessation dates earlier than October 10th in
Akure had low maize yield. This was evident throughout the period under considerations, except for year 2011 and 2013 that had high yield values (Figure 7).
This can possibly be that late cessation dates will result into higher maize yield as
this will accommodate longer length of growing season. [17] observed from their
study of rainfall characteristics and maize yield in Kwara State, Nigeria, that early onset date and late cessation date simply resulted to higher maize yield. Year
2002-2003 also showed low maize yield value despite their late cessation dates,
which implies other factors beyond the scope of this work might be responsible
for this.
Table 1. Rainfall onset dates, cessation and length of growing season.

DOI: 10.4236/acs.2020.102006

Year

Onset

Cessation

Length of the Growing
Season (days per year)

2000

03-April

06-October

186

2001

22-March

21-October

213

2002

03-March

11-November

253

2003

07-March

11-November

249

2004

22-January

06-October

258

2005

09-March

10-October

215

2006

12-March

11-October

213

2007

26-February

01-November

249

2008

09-March

11-November

247

2009

14-February

11-November

271

2010

25-January

11-November

291

2011

16-February

03-October

230

2012

16-March

26-November

255

2013

02-March

03-October

215

2014

12-February

11-November

273

2015

08-March

04-October

210

2016

22-March

05-November

228

Mean

8-March

21-October

238.6

Standard Deviation

±9.0

±21.2

±26.9

Coefficient of Variation % (CV)

12.5

7.1

11.2
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Figure 7. Yearly cessation dates of maize yield in Akure (2000-2016).

3.7. Length of Growing Season of Maize Yield in Akure
Figure 8 depicted the length of the growing season ranges from 186 days to 291
days within the study area as against [18] who observed that the length of the
growing season ranged from 219 - 228 days over south west Nigeria. The coefficient of inter-annual variability of 11% (Table 2) was obtained from an average
length of growing season of about 238 days with a standard deviation of ±27
days with the implication that length of the growing season, from one year to the
other, on the average, is likely to increase or decrease by 27 days. Figure 8 further showed generally, a positive moderate correlation between maize yield and
length of growing season in Akure for years 2001, 2002, 2003, 2004, 2006, 2007,
2008, 2009, and 2016, while negative correlation are evident in years 2005, 2010,
2011, 2012, 2013, and 2014. Most years with longer length of growing season like
year, 2007, 2008, 2009, 2012, 2014 and 2016 had high maize yield value except
years 2000-2005, and 2010, which possibly implies that longer length of growing
season might contribute positively to maize yield values.

3.8. The Single Linear Regression (SLR) Model between the
Climatic Parameters and Maize Yield
In this section the results of the regression analysis involving maize yield as the
dependent variable on the one hand, and each of the climatic parameters as the
independent variables on the other hand, taking each of these one at a time, are
presented in this section. Based on the approach of the single linear regression
model between maize yield and:
1) Rainfall;
2) Onset;
3) Cessation;
4) Length of the growing season (LGS);
DOI: 10.4236/acs.2020.102006
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Figure 8. Yearly length of growing season of maize yield in Akure (2000-2016).
Table 2. Result of test of significance of the climatic parameters in the SLR model (significance of the parameters in relation to maize yield).
Parameters

P-Value

Remarks

Rainfall

0.0095

SS at 1%, 5% and 10% levels

Onset

0.2434

NSS at 1%, 5% and 10% levels

LGS

0.1424

NSS at 1%, 5% and 10% levels

Minimum temperature

0.8409

NSS at 1%, 5% and 10% levels

Maximum temperature

0.5138

NSS at 1%, 5% and 10% levels

NSS: Not statistically significant; SS: Statistically significant.

5) Temperature, are:
yi =
−412.52 + 0.57 xi ;

(13)

yi is maize yield and xi is rainfall, i = 1,2,,17 .
=
yi 532.77 − 2.44 xi ;

(14)

yi is maize yield and xi is onset, i = 1,2,,17 .
yi =
−235.42 + 2.06 xi ;

(15)

yi is maize yield and xi is cessation, i = 1,2,,17 .
−125.69 + 2.13xi ;
yi =

(16)

yi is maize yield and xi is lgs, i = 1,2,,17 .
=
yi 947.59 − 26.24 xi ;

(17)

yi is maize yield and xi is minimum temperature, tmin.
=
yi 3004.44 − 83.37 xi ;

(18)

yi is maize yield and xi is maximum temperature, tmax.
The coefficients associated to each of the climatic variables have been thus derived. Having derived the linear models, there is a need to test their individual
DOI: 10.4236/acs.2020.102006
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significance as well as ascertain their performance in fitting the data. The former
require computing the t-values of the individual parameters and subsequently
the p-values, while the later would require computing the coefficient of determination and the Pearson coefficient of correlation.

3.9. Significance of the Parameters in the Single Linear
Regression (SLR) Model and Their Respective Coefficients of
Correlation (r) and Coefficients of Determination (R2)
The significance of each of the parameters in each of the linear model (Equation
(13) to Equation (18)) will now be tested to ascertain the significance of each of
the climatic parameters in contributing to maize yield. The computing the
t-value of each of the parameters in the equations with which the corresponding
p-value is computed. The computed p-value is now compared with each of the
levels of significance and the necessary conclusion is made as regards whether
the parameter in the model contributes significantly or otherwise to maize yield.
Additionally, the Pearson coefficient of correlation and coefficients of determination associated to each of the SLR model would be presented.

4. Relationship between Maize Yield and Rainfall in Akure
Figure 9 showed a strong positive correlation between maize yield and rainfall,
which implies that as rainfall increases maize yield will possibly increase and
vice-versa. For model Equation (16), involving maize yield and rainfall, the calculated t and p values (Table 1 and Figure 9) are 2.943 and 0.009539 respectively, indicating that at all the chosen levels of significance, rainfall is a major climatic variable contributing to maize yield. Furthermore, this result seems to be
reinforced or reflected by the Pearson coefficient of correlation and determination given by 61% and 37% respectively. Here the value of r = 61% indicates that
there is a strong linear relationship between maize yield and rainfall. [17] in

Figure 9. Yearly maize yield against rainfall (2000-2016).
DOI: 10.4236/acs.2020.102006
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their study observed that though rainfall does not constitute the totality of the
agricultural environment; it is an important factor in the rain-fed agriculture
system of south west, Nigeria. The coefficient of determination indicates that
about 37% of the total variation in maize yield can be explained by the variation
in rainfall based on Equation (16).

4.1. Relationship between Maize Yield and Onset in Akure
Figure 10 depicts a negative correlation between the maize yield and onset of
rainfall over Akure. It further revealed that the earlier the onset dates, the greater
the prospect of having a higher maize yield, as postulated by [6] that early onset
of rains contribute to better yield because grains have access to required mois
ture pertinent for germination. For the regression model, Equation (17), maize
yield and onset of rain, the calculated t and p values (Table 3 and Figure 10) are
1.211 and 0.2434 respectively, this indicates that, at all the levels of significance, the
onset of rainfall does not contribute significantly to maize yield in Akure since the
p-value here is greater than all the levels significance, that is p-value = 0.2434 >
0.01, 0.05 and 0.1. Expectedly, the coefficient of correlation and determination

Figure 10. Relationship between maize yield and onset in Akure (2000-2016).
Table 3. Result of test of significance of the climatic parameters in the SLR model (significance of the parameters in relation to maize yield).
Parameters

P-Value

Remarks

Rainfall

0.0095

SS at 1%, 5% and 10% levels

Onset

0.2434

NSS at 1%, 5% and 10% levels

LGS

0.1424

NSS at 1%, 5% and 10% levels

Minimum temperature

0.8409

NSS at 1%, 5% and 10% levels

Maximum temperature

0.5138

NSS at 1%, 5% and 10% levels

NSS: Not statistically significant; SS: Statistically significant.
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are 30% and 9% respectively. Here the value of r = 30% which indicates a weak
linear relationship between maize yield and onset; coefficient of determination
indicates that about 9% of the total variation in maize yield can be explained by
the variation in onset dates based on Equation (17).

4.2. Relationship between Maize Yield and Cessation in Akure
Figure 11 revealed a positive correlation between maize yield and cessation. It
further showed that late cessation values will possibly enhance more maize yield.
[19] corroborated that, maize requires considerable amount of moisture of about
500 to 900 mm of well distributed rain for optimal yield. Therefore, as cessation
date of rains delay over the years it facilitates better moisture availability promoting growth and optimal maturation which invariably means better maize
yield in the study area. Regarding the model, Equation (18), involving maize
yield and cessation dates, the calculated t and p values (Table 3 and Figure 11)
are 1.543 and 0.142 respectively, the implication of which is that, at all the levels
of significance, rainfall cessation dates does not contribute significantly to maize
yield in Akure since the p-value here is greater than all the levels of significance,
that is, p-value = 0.3552 > 0.01, 0.05 and 0.1. Here, the coefficient of correlation
and determination are 24% and 6% respectively. Where the value of r = 24% indicates a weak linear relationship between maize yield and rainfall cessation;
coefficient of determination indicates that about 6% of the variation in maize
yield can be explained by the variation in the cessation dates.

4.3. Relationship between Maize Yield and Length of Growing
Season in Akure
Figure 12 showed an increasing trend between maize yield and length of growing season. This further suggest that the longer the length of the growing season
the most probable the higher the maize yield. For the regression model Equation
(19), involving the calculated t and p values (Table 2 and Figure 12) are 1.543
and 0.142 respectively, the implication of which is that, at all the levels of significance, the length of growing season does not contribute significantly to maize
yield in Akure since the p-value here is greater than all the levels significance,
that is p-value = 0.142 > 0.01, 0.05 and 0.1. Here, the coefficient of correlation
and determination are 37% and 14% respectively. The value of r = 37%, indicates
a weak linear relationship between maize yield and the LGS; coefficient of determination indicates that about 14% of the variation in maize yield can be explained by the variation in the cessation dates based on Equation (19).

4.4. Relationship between Maize Yield and Minimum
Temperature in Akure
Figure 13 showed a weak negative correlation between maize yield and minimum temperature. For the regression model, Equation (20), involving the calculated t and p values (Table 3 and Figure 13) are 0.2039 and 0.5139 respectively,
the implication of which is that, at all the levels of significance, the temperature
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Figure 11. Relationship between maize yield and cessation in Akure (2000-2016).

Figure 12. Relationship between maize yield and length of growing season in Akure.
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Figure 13. Maize yield against minimum temperature (2000-2016).
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or changes in minimum temperature do not contribute significantly to maize
yield in Akure since the p-value here is greater than all the levels significance,
that is p-value = 0.5139 > 0.01, 0.05 and 0.1. In this case the coefficient of correlation and determination are 5% and 0.3% respectively. Here the value of r = 5%
indicates a very weak linear relationship between maize yield and minimum
temperature; coefficient of determination indicates that a negligible portion of
variation of 0.3% in maize yield can be explained by the variation in the cessation dates based on Equation (20). [20] also observed that in the tropics, temperatures are relatively uniform and seasonal variations are small, thereby allowing a wide range of suitable crops in relation to temperature conditions.

4.5. Relationship between Maize Yield and Maximum
Temperature in Akure
Figure 14 revealed a negative correlation, which suggests that as maize yield increases maximum temperature decreases. And lastly in the case of the SLR model, Equation (21), involving maize yield and maximum temperature, the calculated t and p values (Table 3 and Figure 14) are 0.6676 and 0.8409 respectively,
the implication of which is that, at all the levels of significance, the maximum
temperature or changes in maximum temperature do not contribute significantly to maize yield in Akure since the p-value here is greater than all the levels significance i.e. p-value = 0.8409 > 0.01, 0.05 and 0.1, In this case, the coefficient of
correlation and determination are 17% and 3% respectively. Here the value of r
= 17% indicates a weak linear relationship between maize yield and maximum
temperature; as negate [21] noted that the rate of plant growth and development
is dependent upon the temperature surrounding the plant. Coefficient of determination indicates that 3% of the variation in maize yield can be explained by
the variation in maximum temperature based on Equation (17).
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Figure 14. Maize yield against maximum temperature (2000-2016).
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Table 4. Result of test of significance of the climatic parameters in the MLR model (significance of the parameters in relation to maize yield).
Parameters

p-Value

Remarks

Rainfall

0.0194124

SS at 5% and 10% levels

Onset

0.6310543

NSS at 1%, 5% and 10% levels

LGS

0.2077532

NSS at 1%, 5% and 10% levels

Minimum temperature

0.8607678

NSS at 1%, 5% and 10% levels

Maximum temperature

0.6732681

NSS at 1%, 5% and 10% levels

NSS: Not statistically significant; SS: Statistically significant.

4.6. Multiple Linear Regression Model (MLR) Involving Maize
Yield and the Climatic Parameters in Akure
In order to establish a relationship between maize yield and climatic parameters,
a multiple linear regression relationship (MLR) between maize yield on the one
hand and the independent or climatic parameters on the other hand, was also
developed following the least-square approach outlined in Equation (3) and Equation (4). Therefore, a MLR equation establishing the relationship between
yield and the climatic parameters is as presented thus:
yi = 1062.25 − 66.97 xi1 − 25.61xi 2 + 1.29 xi 3 + 2.95 xi 4 + 0.56 xi 5

(19)

where, xi1 , xi 2 , xi 3 and xi 4 , xi 5 are the minimum temperature, maximum temperature, onset, length of growing season and annual rainfall with: β1 , β 2 , β3 , β 4
and β5 as their respective coefficients. The coefficient of determination and the
Pearson correlation coefficient associated with the MLR model are 0.51 (51%)
and 0.72 (72%) respectively. This computed coefficient of determination indicates that over 51% of the variability in maize yield can be explained by the variation in climatic parameters during the period of study, while the Pearson coefficient of correlation indicates that there is a strong linear relationship between
maize yield and the climatic parameters in the excess of 70%. However, when
each of the climatic parameters was subjected to a statistical test to ascertain the
significance of their individual contribution to maize yield using t and p value
approach, the result of the test indicated that annual rainfall amount is the only
parameter whose contribution is significant to maize yield at 5% and 10% level.
Even though other parameters may have contributed to maize yield, their contributions were however not statistically significant at the 1%, 5% and 10% levels
(see Table 4).

5. Conclusion
The evaluation of onset, cessation of rainfall, and temperature on maize yield in
Akure, Ondo State show that rainfall is a major climatic variable contributing to
maize yield in the study area. The study further reveals that maize yield does not
depend solely on rainfall onset, cessation dates and length of growing season,
especially as their contributions were not statistically significant. The maximum
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and minimum temperatures, though both in an increasing trend, do not have
significant effect on the maize yield over the period of consideration.
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