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Climatic aspect of citrus yield in forest-savanna agro-ecological zones of Nigeria was investigated. Citrus yield 
and climatic data collected from Ibadan were subjected to correlation and regression analysis to test level of 
contribution of each climatic element to citrus yield. The result showed that maximum temperature, rainfall and 
relative humidity have positive correlations with all the 12 citrus varieties used while minimum temperature was 
the only climatic element that was negatively correlated with the citrus yield. Maximum and minimum 
temperature correlations were significant at p<0.05. The combined effect of the climatic elements was found to 
account for 70 percent of the variability in citrus yield at NIHORT Ibadan. The implications of the result obtained 
for citrus farming are also discussed. 
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INTRODUCTION 

Climate is interrelated with other production factors and 
should be understood either as a resource to be managed 
or a factor that needs to be manipulated. According to 
Chang (1968), the climatic elements and their effects on 
plant growth are far more complex than is apparent from 
their isolated treatment in the literature, as the plant in the 
field is subjected to multiple climatic variables at any time 
during germination and physiological growth. Isolating 
moisture-based agrometeorological indices from the 
thermal component to reduce agrometeorological 
relationships may not be adequate for an objective 
analysis of crop-climate relationships. In this context the 
present study sorts to investigate the climatic aspect of 
citrus yield in forest-savanna transition zone of Nigeria so 
as to develop operational crop-weather models that will 
enable us to identify the beneficial and detrimental climatic 
parameters that are significantly critical to the growth and 
good yield formation of citrus crop. This study uses a 
holistic approach, involving a combination of moisture and 
thermal climatic variables, in order to deduce the 
relationship of climate-citrus yield during the period 1979-
2008 at NIHORT, Ibadan, Nigeria. Since, 
Agroclimatological literature in the tropics is replete with 
the assessment of agro meteorological factors for 
agriculture, particularly in Nigeria (Oguntoyinbo 1965; 
Walter  1967; Ilesanmi 1972; High et al. 1973; Stern 1980; 

Odumodu 1983; Fasheun 1983; Bello 1987; Olaniran 
1987).  

MATERIALS AND METHODS 

The study was carried out at the National Horticultural 
Research Institute (NIHORT) Ibadan with coordinates 
shown in Table 1 below. The study area is in the forest-
savanna transition zone with a bimodal rainfall pattern 
having long rainy season which usually starts in late 
March while the short rainy season extends from 
September to early November after a short dry spell in 
August. Mean monthly minimum and maximum 
temperatures ranged from 25 to27°C and from 30 to 37°C 
respectively, and annual rainfall of about 1100 to 1500mm 
(fig. 1). 
The method employed for the study was based on 
analysis of Citrus yield and climatic data collected from 
the citrus orchard and agrometeorological weather station 
of National Horticultural Research Institute, Ibadan (1979-
2008). The citrus yield collected were for 12 varieties 
while the climatic data collected were those of maximum & 
minimum temperatures, relative humidity and records of 
total rainfall. This was in accordance with Jackson (1977) 
that crop yields are affected by a wide range of factors 
and separation of the influence of one from the other can 
be extremely difficult or impossible. This recommends the 
practice of using the multiple regression technique when 
subjecting climate-crop yield relationship to statistical 
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analysis. However, it may still be desirable to investigate 
climate-crop yield relationship for each climatic element 
separately such as for plant-breeding purposes in which it 
is useful to adapt for individual climatic stresses 
separately (Sullivan and Ross, 1979). Accordingly, both 
simple linear and the multiple regression techniques have 
been used in investigating climate-citrus yield 
relationships in Ibadan.  

Step-wise multiple linear regression analysis discriminates 
between significant and non-significant control over the 
variation in the dependent variables. This analysis entered 
the variables into the equation in the order of their additive 
contribution to increase the precision of estimating the 

dependent variables (yield) as a function of independent 
variables (climatic elements). The most independent 
variable, that is, the variable with the highest co-efficient 
of determination (R

2
) was entered first. Then all variables 

were each considered in combination with this one and 
the variable which added the most in predicting the 
dependent variable was chosen next. This procedure 
continues until no other variable added anything to the 
precision in accordance with the present limit.  

RESULTS AND DISCUSSIONS 

 

Table 1: Geographic coordinate of NIHORT, Ibadan 

Location Latitude Longitude Altitude(m) 

Ibadan 7° 40'N 3°84'E 195 

 

 

Fig.1: Mean Monthly Rainfall, Maximum  and Minimum Temperature  Distribution Pattern at NIHORT, Ibadan (1979-2008). 

The maximum and minimum temperature regime shows a 
rising trend from January (34.6°C/26.1°C) to March (36°C/ 
28.7°C), thereafter decrease gradually from April 
(33.8°C/28.4°C) to September (30.3°C/25.6°C ) and rise 
again from October(31.8°C/26.9°C) to December 

(35°C/27.2°C ) at NIHORT, Ibadan. The rainfall trend 
however followed a bimodal pattern with the two rainfall 
peaks at June (251.08mm) and September (268.8mm) 
seperated by an August brake. 
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Fig.2:  20 Years mean  varietal yield(1979-2008). 

Fig 2 also shows  the mean varietal yield of citrus 
obtained from NIHORT Ibadan (1979-2008), Umudike had 
the highest of 1934.60kg/tree followed by Etinan with 
mean yield of 1654.65kg/tree, then Agege1 with 
1589.86kg/tree while the least mean yield was from 

Washington Navel with 736.67kg/tree. Though all these 
varieties are well adapted to this agroecological zone but 
comparatively for full optimization of the agro ecological 
potential of the zone for citrus production Umudike, Etinan 
and Agege 1 cultivation should be expanded. 

 
Table 2: Table of correlation coefficients  for citrus yield and weather elements in Ibadan 

Variety Total Rainfall(mm) Mean Max.Temp(°C) Mean Min. 
Temp(°C) 

Mean RH(%) 

Umudike 0.09
NS

 0.65
**
 -0.77

**
 0.11

 NS
 

Etinan 0.09
 NS

 0.66
**
 -0.77

**
 0.11

NS
 

Parson brown 0.08
 NS

 0.64
**
 -0.52

**
 0.08

 NS
 

Agege 1 0.10
 NS

 0.64
**
 -0.76

**
 0.12

 NS
 

V.Late 0.09
 NS

 0.65
**
 -0.77

**
 0.11

 NS
 

Bende 0.10
 NS

 0.64
**
 -0.76

**
 0.12

 NS
 

Pine Apple 0.13
 NS

 0.69
**
 -0.52

**
 0.16

 NS
 

Meran 0.11
 NS

 0.69
**
 -0.52

**
 0.14

 NS
 

Hamlin 0.12
 NS

 0.64
**
 -0.75

**
 0.14

 NS
 

LVE-Gin 0.11
 NS

 0.64
**
 -0.75

**
 0.13

 NS
 

C.Navel 0.12
 NS

 0.61
**
 -0.73

**
 0.11

 NS
 

W.Navel 0.10
 NS

 0.63
**
 -0.77

**
 0.11

 NS
 

** : significance at 0.05 

The level of significance (P< 0.05 ) for optimal prediction equation indicates that there is less than 5 percent chance that the variables in the equations 
are unrelated to yield of  citrus. 

Correlation analysis 
The results of the correlation analysis are presented in 
Table 2. Both maximum and minimum temperatures 
correlations were highly significant (P < 0.05) while rainfall 
and relative humidity were not significant at the same level 
of probability. Minimum temperature showed a highly 
negative correlation with all citrus varieties used for this 

study while maximum temperature showed a highly 
positive correlation with all the 12 citrus varieties. 
Minimum temperature showed the strongest correlation 
with r value range from - 0.52 to -0.77 followed by 
maximum temperature correlation with r value range from 
0.61 to 0.69. Mean minimum temperature significant 
relationship with yield showed that low temperatures favor 
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the allocation of dry matter towards storage (Milthorpe and 
Terry, 1967; Boerboom, 1978). 

Using multiple regressions with data for 1979–2008 gave 
the following model for varietals citrus yield (Y): 

 

Variety Equation Co efficient of determination (r
2
) 

AGEGE 1 Y=-6679.20+55.06X1+156.45 X2    0. 97 
BENDEL Y =-5772.64+47.96 X1+135.96 X2 0. 97 
C NAVEL Y = -4808.16 + 39.24 X1+94.80 X2 0.98 
ETINAN Y=-24021 +644.07X1+38.58 X2 0.96 
HAMLIN Y=-5247.0+43.02 X1+119.082 X2 0. 97 
LVEGIN Y=-4795.08+39.62 X1+123.30 X2 0.96 
MERAN Y=-5833.41+48.13 X1+136.93 X2 0. 97 
PAPPLE Y=-5884.17+48.23 X1+135.14 X2 0.97 
PARSONBROWN Y=-5677.59+46.76 X1+129.50 X2 0.96 
UMUDIKE Y=-15887+1235.82 X3-516.62 X4 0.78 
Valencia LATE Y=-5656.61+46.35 X1+147.37 X2 0.96 
Washington NAVEL Y=-3589.63+29.40 X1+72.27 X2 0.83 

 

X1 = Mean Minimum Temperature 

X2 = Mean Maximum Temperature 

X3 = Mean Relative Humidity 

X4= Total Annual Rainfall 

CONCLUSION 

From the present study it was concluded that out of four 
climatic variables, mean relative humidity and total 
annual rainfall had statistically non significant correlation 
with citrus yield. Rise in maximum temperature was 
favorable to citrus yield while increase in minimum 
temperature could be said to be detrimental to citrus 
yield production. This information helps in the design of 
appropriate technological/agronomic devices that will 
maximize beneficial or minimize detrimental effects. 
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