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Abstract: This study examines the Effect of Climate on the growth and yield of Sorghum at Wailo, Ganjuwa
Local Government Area, Bauchi State of Nigeria.  Correlation and regression analysis were used to determine
the relationship between Sorghum yield and weather elements for different phonological stages of the crop’s
growth.  The results of the correlation analysis show that at pre-sowing stage, the total rainfall is found to be
significantly and positively correlated with yield at 5% significant level. Relative humidity at flowering stage
also shows significant and positive correlation at 1% significant level with the final yield. At total growing
season, seasonality of rainfall is significantly and positively correlated with the final yield at 5% significant
level, which is seasonality of rainfall. Multiple regression analysis shows that these three elements (total
rainfall, relative humidity and seasonality index) accounted for 76.7% of the variation of Sorghum yield at
Wailo. The implications of the results are discussed with respect to sorghum farming in the study area.
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INTRODUCTION

Both in terms of area and yield, sorghum is the most
important cereal crop in Nigeria (Agboola, 1979). The
crop is grown primarily for human consumption inform of
flour, or used in the brewing industries. It is suited to hot
and dry agro-ecologies, where it is difficult to grow other
food grains. It is dual purpose crop with highly valued
output.

Sorghum was domesticated in Ethiopia some 5,000
or more years ago,and was taken from Ethiopia to West
Africa at an early date across the Sudan to the upper Niger
river. Many cultivated species are found in different parts
of Nigeria (Abdulhamed, 2002). Irvin (1976) reported that
sorghum likes small but continual supply of rain during
growth and hot, dry weather for the ripening of the grain

Several studies have been conducted towards
improving the yield of sorghum in the study area, Habibu
(1993), focused his studies on seed dressing before
planting while Danjuma (1995) studied harvesting and
storage techniques of sorghum in the area. Ibrahim (1995)
studied people’s perception toward accepting high
yielding and pest resistance varieties in the area. However
not much attention has been given to climatic variables as
they affect yield over time in the study area.

At Wailo near Bauchi, Bauchi State Agricultural
Development Project has a training and research farm.
With the establishment of research farm, the cultivation of
sorghum in the area has benefited from advances in
Agricultural technology such as the introduction of high
yielding verities, the application of fertilizers and

insecticide’s and provision of extensions services. All
these advances have contributed to higher yield of
sorghum in the area.

Not with growing these improvements, the growth
and yield of sorghum at Wailo is still variable overtime
(Table 1). Given that the soil and management factors are
constant, climate is the major significant factor affecting
the variation in yield of the crop. Climate elements have
influence on all the state of crops production including
land preparation.

Against this background, this paper aimed at
analyzing the relationship between sorghum yield and
climatic variables at different phonological stages of the
crop” growth at Wailo near Bauchi;

Study area: Wailo is located between latitude 10º42"N
and longitude 10º10"E. the area is underlain by
sedimentary rocks. While the soil belongs to the
hydromorphic and alluvial group (Areola, 1982) the area
has a tropical wet and dry climate marked by a single
rainfall peak. The mean annual rainfall is 850 mm. Rain
season start early May and ends on October. The mean
temperature from 26-39ºC.

METHODOLOGY

According to Olaniran (1981) there are three main
methods of determining crop climate relationship. The
first is the fundamental of plant relationship, namely the
radiation and moisture balance for various climatic
environments.   The   second   method   is   by   studying
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Table 1:   Date of Planting and Yield of  orghum at Wailo, 1985-2001
Years Date of planting Yield Kg/Ha
1985 19/6/1985 948.0
1986 29/6/1986 785.0
1987 12/6/1987 924
1988 6/6/1988 1162
1989 1/6/1989 1538
1990 22/5/1990 1421
1991 27/5/1991 1277
1992 7/6/1992 1504
1993 20/5/1993 1291
1994 2/6/1994 1475
1995 9/6/1995 1219
1996 26/5/1996 1822
1997 10/6/1997 1906
1998 7/6/1998 1685
1999 12/6/1999 1328
2000 10/6/2000 1107
2001 29/5/2001 1268
BSADP

agricultural data and climatic data for a number of places
within a given area for as long a period as consistent
record of both Agriculture and climate allows and
deducing Agro-climatological relationship from analysis
of  the  data.  The  third  method  involves  studying
 plant-climatic relationship under controlled environment.
The second method, which is based on the analysis of
agricultural and climatic data, was used in this study.

Based on the works of Kowal and Andrews (1973),
Kassam and Andrews (1975), and Olaniran and Babatolu
(1987) for Nigeria, the growth cycle of sorghum may
conveniently be described in terms of development phases
as follows:

C Pre-Sowing stage
C Vegetative phase i.e., from sowing to head initiation
C Flowering or panicle development phase i.e., form

panicle initiation to anthesis
C Grain filling (or physiological maturity) i.e., from

heading to the end of grain filling

In addition to these phases, the pre-sowing period
(for rainfall only) and the total growing season were
considered in the analysis. The nature and extent of
relationships between sorghum yield and climate at each
stage of growth were analysed using multiple correlation
and regressions techniques.

RESULTS AND DISCUSSION

The result of the correlation between the climatic
variables and yield of sorghum at Wailo are presented in
Table 2.

The result shows differences in the effect of each
element on sorghum yield at different stages of growth.

For the pre-sowing period, rainfall has positive and
significant correlation with yield. This shows that rainfall
supply during pre-sowing period is very important for

good sorghum yield at Wailo. This provide a quantitative
confirmation of the finding of Kowal and Andrew (1973),
Kowal and Kassam (1978) at Samaru and Adebayo
(1994) at Ngurore.That the antecedent moisture status of
the soil at planting is more important for good
germination or surstained growth of seedlings.

During the vegetative stage, no climatic element
correlated significantly with the final grain yield. Total
rainfall, maximum and minimum temperature though
insignificant but positively correlated. while soil
temperature negatively correlated with yield.

Relative humidity was found to be significantly and
positively correlated with sorghum yield at 1% probability
level during the flowering stage. The high significant
correlation of relative humidity is expected because it has
beneficial effect on plant growth. Niewwolt (1977)
reported that plants can absorb moisture directly from the
air and the rates of photosynthesis generally increase with
relative humidity. The result also shows a positive but
insignificant correlation with total rainfall which is an
indication that rainfall is very important at that stage.

During the maturity stage, there is no climatic
element which significantly correlated with the final grain
yield of sorghum at Wailo. According to Olaniran and
Babatolu (1987) the most important climatic condition for
good sorghum yield during the maturity stage is air
temperature. It was found to be significantly and
positively correlated with sorghum yield at 90% level at
Kabba. The result in  Table 2 shows that maximum and
soil temperature though not significant are positively
correlate with yield. This confirms the finding of Olaniran
and Babatolu (1987) at Kabba.

For the total growing season, of the nine variables
only seasonality index was found to be significantly and
positively correlated with sorghum yield at 5% significant
level (Table 2). Seasonality index of rainfall is the sum of
absolute deviation of mean monthly rainfall from the
overall monthly. It measures the spread and steadiness of
rainfall during the wet season. According to the
classification of rainfall regimes by Walsh and Lawler
(1981) the study area falls under 0.80-0.99 which is
markedly seasonal with along drier season.

The implication of the above regime is that there is
low concentration of rainfall throughout the total growing
season in the study area. High concentration of rainfall
during growing season of sorghum is an indicator of high
yield. The non-significant but positive correlation of total
rainfall, soil temperature, relative humidity and cessation
date of rains clearly indicate that they are important
element influencing the yield of sorghum.

Combined effects of the climatic elements: The
combined effects of the different climatic elements on the
yield of sorghum at Wailo were analyzed using the
multiple  regression  technique  (Table 3). Only the three
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Table 2:  Correlation of climatic elements with sorghum yield at various phonological stages
Climatic element Pre-sowingstage Vegetativestage Floweringstage Maturitystage Totalgrowingseason
X1 = Total rainfall (mm) 0.567** 0.271 0.158 - 0.020 0.273
X2 = Max. temp. ºC - 0.075 - 0.212 0.081 - 0.062
X3 = Min. temp. ºC - 0.295 0.312 - 0.120 - 0.300
X4 = Soil temp. ºC - - 0.264 - 0.161 0.377 0.328
X5 = Relative humidity % - - 0.271 0.702*** 0.345 0.155
X6 = Seasonality index - - - - 0.676**
X7 = Onset date of rains - - - - - 0.351
X8 = Cessation date of rains - - - - 0.158
X9 = Length of rainy season - - - - - 0.192
***: Significant at 1%; **: Significant at 5%

Table 3: Summary of multiple regression analysis
Climatic variable Co-efficient T-ratio
Constant - 813.8 - 2.26**
X1 = Total Rainfall at prasowing stage 6.545 1.87*
X5 = Relative humidity at flowering stage 11.802 2.50**
X9 = Seasonality index at total growing season 11.784 3.43***

climatic variables which correlate significantly with yield
during the five stages of growth at 95% and above
probability level were included in the analysis.  These are
total rainfall during the pre-sowing stage, relative
humidity during flowering stage and seasonality index at
total growing stage.

The regression equation is as follows:

Y = 814 + 6.54X1 + 11.8X5 + 11.78X9
F = 14.26***
R2 = 76.7

***=Significant at 1%
**=Significant at 5%
*=Significant at 10%

Total rainfall at pre-sowing stage was significant at
10% while relatively humidity at flowering stage and
seasonality index of rains were significant at 1%.

The three climatic elements accounted for 76.7% of
the variation in the yield of sorghum at Wailo.

CONCLUSION

The conclusion drawn for the finding of this study is
that precipitation related parameters are the most critical
climatic factors affecting the yield of sorghum in the
study area. These parameters are rainfall, relative
humidity and seasonality index. Since all these element
contribute to increase the yield of sorghum at Wailo, their
beneficial effects must be optimized. To achieve this the
present planting period of sorghum at Wailo must be
maintained since it ensures high relative humidity at
flowering stage. Medium maturing varieties of sorghum
should be introduced to minimize the effect of late onset
of rains in the area and planting must be as soon as
antecedent moisture status of the soil is good for effective
germination.
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