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Abstract  

Crops performance and yield are affected by fluctuations in rainfall 
during growth. A better understanding of this problem is required in 
order to optimize irrigation and drainage. The water requirement by 
maize (Zea Mays), throughout the 2010 cropping season was evaluated 
and then compared with the effective rainfall. Results indicate that 
irrigation is needed both in the months of April to July, which falls 
within the rainy season, and in the dry season months of November to 
March. However, from August to September, the soil moisture supplied 
by rainfall far exceeds the water required by the crop, thus indicating 
that drainage is inevitable during this period of heavy rainfall. These 
results therefore, have stressed the need for the introduction of 
irrigation and drainage facilities in Gbako catchments basin of Niger 
state if the present level of food production is to be improved upon, 
bearing in mind the increase in population and the demand for food.  

 
Nigerian’s agriculture is predominantly rain - fed with low productivity 

and subject to weather variation. Water is a limiting factor to agricultural 
production in most part of Nigeria since almost 60% of the country is in the 
Sudan savannah and Sahelian ecological zone with mainly dry savannah 
vegetation, and a mean rainfall of between 400 and 1000mm, concentrated in 
four to five months (May to September), (Musa, 2001). Furthermore, the main 
occupation in the rural areas in Nigeria is subsistence farming. In the northern 
part of the country therefore, the rural population are gainfully employed for only 
about three to four months of the year during the rainy season, while in the 
southern part, they are gainfully employed for only about six to seven months (of 
rainy season) of the year. This situation of gross under- employment of the rural 
populace is clearly one of the major factors responsible for the high poverty level 
in rural areas of Nigeria  

 
From time immemorial, man has learnt to modify his behavior depending 

on the presence or absence of water and has been forced to accept schedules and 
timetables determined by climatic and geographical factors which are beyond his 
control. At the same time, however, man has always tried to tame the water 
within his reach. Throughout the world, water management is a basic human 
activity through the control of runoff, flooding and spate flow, the storing of 
small or large quantities of water, crop irrigation and swamp drainage. Depriez 
and De Leener (1992) observed that managing water is part of national 
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economies of most countries because of its many purposes; the improvement of 
agriculture and livestock, the reduction of ecological and human catastrophes 
(drought and flooding, for instance), and all the activities of climatic changes 
with water development projects. 
 

In irrigated agriculture, water management has been an important aspect 
of development, where land and water are the important resources. For 
smallholder irrigation farmers, improved water abstraction and conveyances 
system are the key to their agricultural production, especially in drought prone 
areas where the limiting factor is water and not land. According to Veit, Nagpal 
and Fox (1995), Africa has 23% of the world’s land  but only less than 25% of 
the arable land is cultivated and only 2-5% of the land is irrigated. Although 
irrigation occupies only 2-5% of the cultivated land, Katerere (1999) reported 
that it consumes at least, 80% of the total water withdrawal. Hence, most of 
Africa’s agriculture is sustained by direct rainfall that, most part, is variable. 
Unfortunately, Khroda (1996), noted that one-third of the continent has a mean 
annual rainfall of 700mm, an amount considered too low to support reliable rain-
fed agriculture. If combined with frequent drought and uneven distribution, the 
erratic nature of Africa’s rainfall undermines the ability of the continent to 
produce adequate food. 
 

The majority of farmers in Gbako Catchments Basin practice rain-fed 
farming, but this is increasingly subject to unreliable and short rainy seasons, 
drought and other forms of climatic changes. The beginning of the rainy season is 
usually a welcome relief for farmers. However, at the end of April in 2008 
cropping season, the prolonged drought condition compelled most of the farmers 
to postpone planting and those that have already planted lost their crops because 
of insufficient rainfall. The same reason was advanced in April 2009 and 2010 
cropping seasons. Thus in recent times, farmers have often experienced 
unpredictable season of rainfall, short duration of rainy season and longer dry 
spell. Furthermore, one of the greatest challenges faced by farmers is that of 
heavy rains during some parts of the growing season. Fubara-Manuel (1997) 
observed that crops planted before the onset of heavy rains usually suffer from 
impaired growth or in extreme cases, total failure. This study was therefore 
under-taken to analyze current agro climatic data with a view to highlighting the 
necessity to manage water for crop production in Gbako catchments basin, Niger 
state. 
 
Materials and Methods 

The study area is located between latitude 9°001 and 9° 151 north and 
Longitude 6° 001 and 6°201 west, comprises Gbako, Katcha, Agaie, and Bida 
Local Government Areas of Niger State, Nigeria. The area is characterized by 
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sub-humid tropical climatic with wet (April to October) and dry (November to 
March) seasons (Suleiman, 1998). 

Maize (Zea Mays) is an important staple food in Gbako catchments 
basin. Its water requirement and effective rainfall were evaluated using the 2010 
climatic data for this area. These two parameters were then compared in order to 
ascertain periods of deficit or surplus soil moisture during the cropping season. 
The following assumptions were made:  

i. Effect of seepage on the soil moisture regime is negligible 
ii. Winds are light (5m/s). 
iii. Irrigation frequency or rainfall for the initial period is seven days 
iv. Water application efficiency is 60% 

 
Potential Evapotranspiration 

The potential Evapotranspiration (Etp) was obtained based on Blaney-
Morin-Nigeria formula developed by Duru (1984) 

 
Etp = rƒ (0.45T+8) (520-R1.31)                                    (1)  
 

                            100 
 Where Etp is potential evapotranspiration (mm/day), rƒ   is radiation 
factor, T is air temperature (°c) and R is relative humidity (%). The Etp at various 
months of the year were calculated using the 2009 climatic data for Gbako 
catchments basin, Niger state (table 1). The rf (radiation factor) for each month 
was obtained from Doorenbos and Pruitt (1984). 
 
Table 1 Climatic Data for Gbako Catchments Basin (2009) 
Month        Rainfall      Temperature         Relative Humidity       Radiation  
                   (Mm)              (°c)                        (°c)                         (Mm) 

January                0.0                 24.0                                 57                        13.2 
February        0.0                26.5          37   14.2 
March              0.0                30.5        57   15.3 
April               62.4              31.0         65    15.7 
May               115.9             29.5         77           15.5 
June               119.3             28.0          80    15.3 
July                245.9             27.0          85    15.3 
August           345.5             26.5          84    15.5 
September   301.6             26.5           86    15.3 
October           66.0              28.0           81     14.7 
November        0.0               27.0           68    13.6 
December         0.0              25.5           61    12.7 
Sources: NCRI, Badeggi, Niger State 
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Effective Rainfall 
 The effective rainfall (Pe) was estimated using equation 2, as presented 
by Schwab, Fanguneire, Eliot and  Frevert    (1993). This method base effective 
rainfall on monthly evapotranspiration, monthly rainfall and the soil water 
deficit, which also may be the net irrigation depth. 
 
Pe = f (D) [1.25pm 0.824 – 2.93] [100.000955ER]   (2). 
Where: 
 
Pe is estimated effective rainfall in mm, pm is the mean monthly rainfall in mm. 
ET is average monthly evapotranspiration in mm, f (D) is adjustment factor for 
soil water deficit or net irrigation depths, D is the soil water deficit or net 
irrigation depth in mm. A value of 50mm was used in this paper. 
 
Crop Coefficient 
 The effect of crop coefficient characteristics on crop water requirement is 
given by the crop coefficient (kc), which presents the relationship between 
potential evapotranspiration (Etp) and crop evapotranspiration (Etc) 
Maize (Zea Mays) is usually planted between late-May and mid July with an 
approximately harvesting time of September to mid-October. The development 
stages are initial (20 days), crop development (35 days), mid – seasons (40 days), 
and late season (30 days). Adopting the standard procedure outline by Doorenbos 
and Pruitt (1984), the average Kc values for the initial, mid season and late 
season stages were obtained. These values were then used to plot the crop 
coefficient curve (figure 1). The Kc value was obtained from the plotted graph 
for each selected period at mid point of 10 to 30 days period. 
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Figure1. Crop coefficient curve for maize 
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Crop Evapotranspiration 
The monthly crop evapotranspiration (Etc) was evaluated using equation 3 

  Etc = Kc x Etp      
 (3) 

Where Etc is crop evapotranspiration in mm / month. 
 
Crop Water Requirement 
The crop water requirement (IR) is the total amount of water that must be 
available for crops (Schwab et al, 1993). The water requirement for maize was 
estimated from the simplified water balance equation. 

   IR= Kc x Etp   =    Etc                --------------- (4) 
                                     Ea      Ea 
 

Where, IR is the crop water requirement in mm and Ea is water application 
 
Results and Discussion 
 The annual rainfall trend between 1999 and 2010 in Gbako Catchments 
Basin is shown in figure 2. The figure shows marked seasonal regimes, 
variability at the start and end of rains, with certain periods in the growing season 
when lack of water becomes critical for growth. Apart from the variability in 
rainfall amount, there was a general downward trend between 2002 and 2010, 
with exceptions in 2005 and 2009. Although the amount of rainfall in 2001 is 
unprecedented, in the past twelve years, it can be observed that more than 80% of 
this rainfall occurred during the five months of May to September. Furthermore, 
during the initial growing season for maize (May –June), only 25% of the weekly 
rainfall either reached or exceeded the critical value of 33.8mm (Table 2) needed 
during the vegetation phase of the crop. Therefore, it is obvious that soil moisture 
can decline to an intolerable level during the dry season and even during some 
periods of the rainy seasons. 
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Figure2. Annual Rainfall Trend for Gbako Catchments Basin (1999-2010) 
Source: NCRI Badegi Bida Niger State 
 
Table     2.  Potential Evapotranspiration (Etp). Effective rainfall (Pe) and 
Computed Parameters of Maize 
 
Month          Etp                    Kc                Etc                  Pe            IR 
                  Mm/month                           Mm / month     (mm)       (mm) 
 

 January       140.04 
February     181.51 
March         187.72 
April           165.80                                    86.2                 46.0         143.7 
May            130.0                  0.52              67.6               73.3          112.7 
June            112.26               0.65              73.0               72.2           121.7 
July             90.49                 1.05            104.5              130.2         174.2 
August        102.33               0.99            101.3               174.5         168.8 
September   92.50                 0.63              58.3               152.3          97.2 
October      107.96                                    68.0                 42.6          113.3 
November   124.96 
December    133.03 
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The values of the effective rainfall and crop water requirements are 
plotted in figure 3. This graph shows that during the months of April to July, 
water required by maize for effective growth was provided more than required  
by rainfall despite the fact that this period was part of rainy seasons. The 
moisture deficit decreased from about 98mm in April to 44mm in July, thus 
indicating that the crop experienced water stress especially in the month of April. 
Onwueme and Sinha (1999) reported that in the early stages of growth, the water 
need of most crops are generally low but increase rapidly during the maximum 
growing period to the fruiting stage. Although the yield of a crop is the 
integrated result of a number of physiological process, Michael (1992) showed 
that water stress can affect photosynthesis, respiration, growth, reproduction, 
reduction in leaf area, cell size and inter-cellular volume. Weather the stress that 
occurred between the months of April to July was growth limiting or not could 
not be ascertained. However, the fact that it occurred especially during the early 
vegetative period and in the rainy season underscores the need to reduce the total 
dependence on rainfall. Irrigation would certainly have enhanced the 
performance of maize during period under discussion. 
 

The moisture status changed from that of a deficit in July to a surplus in 
August (Figure 3). Thus, between the two months of August to September, the 
rainfall was so heavy that the amount retained in the soil was much more than 
what the crop needed. The surplus moisture increased from 6mm in August to a 
maximum of 55mm in September. Although moisture is essential for plant 
growth, growth is restricted at very high levels of moisture. Deprize and De 
Leener (1992) discovered that some soils undergo chemical changes in the 
presence of stagnant water and in the absence of air. Apart from structure 
deterioration and death of microbial life, such soil becomes acidic and greenish 
patches form  following the accumulation of salts, some of which are toxic to 
plants (Hall, 1999). Drainage is therefore needed to overcome the adverse effects 
caused by excessive and prolonged water logging during the rainy seasons. The 
graph also shows that there was another transition to a period of moisture deficit 
from November, which is moisture deficit from November, which is usually the 
beginning of the dry season. 
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Figure 3. Comparison of Effective Rainfall and Water Requirement for Maize, 
2010 
 

The continued reliance on rainfall agriculture means that many rural 
farmers are faced with the threat of droughts, unreliable rainfall and degraded 
soils. In addition, a growing population will lead to increased food demand. No 
meaningful crop production can take place without effective water management 
especially if all –year –round cropping is desired. There would have been 
improvement in the performance of maize during the 2010 cropping season if 
strategies for water management were in place in terms of irrigation during the 
dry months of November to April and adequate land drainage in the months of 
August through September. 
 

Katerere (1999) observed that one way of mitigating the risks associated 
with reliance on rain- fed agriculture while responding to future food demands, is 
through irrigation agriculture. However, unless we can control irrigation’s 
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seemingly endless appetite for water, the impact of this on health and 
ecosystems, the tremendous contribution of irrigation to human security can be 
over-shadowed.  
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