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ABSTRACT 

Lysimetric estimation of crop Water use of cowpea (vigna unguiculata) under Rainfed condition was 
carried out using weighing – type micro-lysimeter. The micro-lysimeters were made up of locally available 

materials and calibrated before the experiment was set up. A glass tube manometer was connected to the 

weighing system to determine the daily rise and fall of the water. The manometer determines the weight of 
water that was displaced from the Lysimeter using using water balance equation to determine the crop 

consumptive use. Daily manometer readings, runoff and drainage water were recorded. Rainguage was 
installed in the field to measure amount of rainfall during the experimental period. The result of the 

experiment revealed that the daily evapotranspiration (ETc) of the cowpea variety (vigna unguiculata (L) 

walp 277) varied from 0.3 mm to 8.5 mm while the weekly ETc varied from 9.9mm to 28.6 mm and the Kc 
values obtained were 0.72, 0.86, 0.63 and 0.30 for  Initial, Developmental, Mid and Late season 

respectively. However, the annual water consumptive use was found to be 199.5 mm. Therefore, this 

technique provides easy way of estimating crop water use. The results obtained may be applied to achieve 
proper scheduling of planting cowpea so as to enable the crop receive adequate rainfall before harvesting.  

 

Keywords: Lysimeter; Crop water use; Crop coefficient; Cowpea; Rain-fed. 

 

 

1. INTRODUCTION 

Water supply is one of the most important factors 

for crop and livestock production. The optimum 

crop water requirement is the total quantity of 

water required during the growth period that 

gives the required yield of crops (Sheieling et al., 

1995). There are various method developed to 

determine the crop water requirement of plants. 

Some of the methods are Lysimeter, pan 

evaporation method, Blaney-Criddle method, 

Penman method, Thornthwaite method etc. 

Lysimeter is a measuring device used in 

measuring the amount of inflow and outflow of a 

system. By recording the amount of precipitation 

and the amount lost through the soil, the amount of 

water lost to evapotranspiration (consumptive use) 

can be calculated. Lysimeters are of two types; 

Weighing and non-weighing type. Lysimeter 

permits the measurement of the evaporative flux 

from smaller area; create fewer disturbances to the 

environment during installation; and are 

considerably cheaper to construct, install and 

maintain. A Lysimeter is more accurate when crop 

is grown in a large soil tank (Lysimeter) which 

allows adequate root developments, rainfall input 

and water lost through the soil can be easily 

calculated. The amount of water lost through 

evapotranspiration (crop water use) can be worked 

out by calculating the difference between the 

weight before and after precipitation (Malone et al. 
2000). The Lysimeter could be of any dimension 

but as reported by Clark et al. (1984), the depth and 

surface area of the lysimeters should be large 

enough to minimize the restriction of plant roots. 

However, some researchers such as Simon et al. 
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(1993) and Lie et al. (2003) indicated that depth 

and surface area of standard lysimeters are 

normally greater than 0.5 m deep and 1 m
2 

area. 

Effect of global warming has caused drastic change 

in climate condition over time and this affect the 

evapotranspiration of crop production and time of 

planting the crop (FAO, 2008; IPCC, 2009). 

Rainfall is scarce compared to previous years 

especially in the Northern part of Nigeria, 

particularly in Kano and this have effect on the 

planting period of crops and its production (Burton, 

2001). Cowpea is the major leguminous crop in 

Northern Nigeria and its production is at decline rate 

as compared to its demand. This justifies the need to 

estimate the crop water use under the present 

climate condition and to generate data for future 

designs, planning and planting for cowpea 

production. However, due to difficulties in 

measuring or accounting for soil-water balance 

output parameters such as runoff, deep-percolation, 

subsurface outflow on field, a micro-lysimeter was 

employed in this study in estimating the crop water 

use of cowpea under rain-fed condition which was 

intended to overcome these challenges. Data 

obtained will be useful in the redesigning, planning 

and planting of cowpea so as to enable the crop 

receive adequate rainfall before its harvest. Hence, 

this work aimed at constructing, calibrating and 

testing the performance of a micro-lysimeter, by 

determining the consumptive use and crop 

coefficient (Kc) of cowpea crop (vigna unguiculata 

(walp) 277) under rainfed condition. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

The materials used in this study include: lysimeter 

tank; glass tube manometer; hose; vehicular tube; 

wooden platform; runoff collectors; drainage 

water collectors; rainguage; and cowpea (Vigna 

unguiculata (walp) 277). 

Description of Study Area: The study was 

conducted at Agricultural Engineering Departmental 

Farm, Bayero University Kano, which is located 

along Gwarzo road on latitude 11°03" N, and 

longitude 08°03" E and the altitude is approximately 

454 m above sea level. The topography of the study 

area is relatively flat with slightly undulating slope in 

NW – SSE direction (Zainab, 2008). The annual 

minimum and maximum average temperature are 

20.5°C and 33.9°C respectively. Relative humidity of 

23% minimum and 82% maximum with total 

amount of rainfall 890 mm (Shanono et al. 2014). 

2.1.2 Field/ Laboratory Soil Test 

There is need to determine the physical properties 

of the soil where the study took place. However, 

Zakari et al. (2012) has reported some of the 

physical properties of the soil on the   same site.  

2.1.3 The Micro Lysimeter Set-Up 

The weighing type micro-lysimeter was made from 

locally available materials (Figures 1 - 3). It consists 

of a tank, weighing system wooden platform, runoff 

and drainage collectors, glass tube manometer, 

meter rule and vehicular tube. The tank, runoff and 

drainage collector are made up of plastic rubber of 

depth 65 cm, 45 cm, and 35 cm respectively and of 

diameter 50 cm, 35 cm, and 28 cm respectively. An 

orifice was created on upper side of the tank to 

provide outlet for runoff and the bottom of the tank 

was perforated to serve as drainage when the soil in 

the tank become saturated.  
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Plate 1: Lysimeter tank resting on weighing tube

 

 
Plate 2: The experimental set up field 

 

 

 

 
Plate 3: The Runoff collector connected to the lysimeter via a rubber hose 

 

 

The weighing system of the lysimeter comprises of 

water filled in an automobile (Vespa) tube, 

connected to a graduated monometer glass tube via 

a rubber hose. The tube was connected to the rubber 

hose, filled with water and the rubber hose was then 

connected to the glass tube manometer and care was 

taken to prevent water loss and leakage from the 

system during the process. The manometer glass 

tube was fixed to a graduated meter rule in a 

vertical position to aid easy and accurate reading of 

the water displacement in the glass tube manometer. 

The platform upon which the lysimeter rested on 

was constructed from plywood with dimensions that 

conveniently supported the lysimeter tank. An 

opening was made at the center of the platform 

upon which the tube rested on which the drainage 

collectors were fitted such that the collector was 

above the ground surface. This was done to prevent 

rain water or runoff from the surrounding entering the 

drainage collector. 

2.2 Methods 

2.2.1 Field installation and Calibration: The 

lysimeters were filled with repacked soil after being 

assembled and effort was made to simulate the 

experimental crop where lysimeter were installed. 

The installation of the lysimeters were done close to 

one another so as to give adequate spacing.  

2.2.2 Lysimeter Calibration: Before the 

commencement of the experiment, the lysimeter was 

filled with soil and calibrated to relate the weight of 

the lysimeter to water displacement in the manometer 

tube. The calibration was carried out on the field by 

loading the weighing system with known weight of 

sand filled lysimeter while the height of water 

displaced in the manometer tube were recorded and 

the data generated was used to develop a 

linear model which was subsequently applied 

in determining the weight gain or loss from 

the system (equation 1). 

 

CxHW                              (1) 

046.978026.0  HW  

9992.02 R  

Where: W = weight in kg; H = height of 

manometer water level in cm. 

2.3 Experimental Procedure 

Data collected include; drainage volume, runoff, 

rainfall amount and weight gain or loss by the 

lysimeter. The rainfall was measured using a rain 

gauge installed adjacent to the field. The runoff and 

drainage water were collected in the collectors 
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installed to receive excess and drained water from 

the lysimeter were measured using a laboratory 

measuring cylinder calibrated in millimeters. The 

water displaced in the manometer glass tube was 

recorded within 7am – 8am on daily basis. 

The water level of manometer glass tube was noted 

during the early hours of the day at an interval of 24 

hours and the weight of the lysimeter tank at those 

interval was determined from the developed model 

generated from graph of lysimeter weight vs height 

of water in the manometer glass tube. The daily 

crop water use was determined by multiplying the 

daily difference in weight of the lysimeter tank by a 

conversion factor which converted the weight to a 

millimeter depth of water used. Therefore, the daily 

crop water use of the tested crop was obtained using 

Equation (2) (Allen et al., 1998),  

cfWWDRPETci iiiifi   )( 1        (2) 

Where, Pi = Rainfall amount (mm) of day i collected 

in the rain guage, Rfi = Runoff (mm) of day i, Di = 

Drainage (mm) of day i, Wi= Weight of the lysimeter 

soil on day i, Wi+i = Weight of the lysimeter soil of 

the next day at an interval of 24 hours, ETci = 

Evapotranspiration of day i, Cf = A factor converting 

weight to equivalent depth of water. 

During the agronomic operations; three (3) micro 

lysimeter were set-up with cowpea as an experimental 

crop. It germinates in three (3) days. The variety of 

cowpea used was vigna unguiculata (L) walp 277. 

The area covered was 16 m
2
 and all agronomical 

operation was put in place in order to obtain maximum 

yield. 

2.4 Data Analysis 

The weight of the micro-lysimeter tank was determined 

on daily basis from the level of water in the manometer 

glass tube using a linear equation (W = mH + c) that 

was developed from the field calibration of the micro-

lysimeter and this was translated to depth of water in 

mm/day by multiplying the calculated weight with a 

conversion factor which were based on the surface 

area of the micro-lysimeter tank and the density of the 

water. 

Conversion of weight of lysimeter tank to 

millimeter depth of water with respect to the area 

of the Lysimeter tank; 

Area of the Lysimeter tank in m
2 
 

Diameter of Lysimeter tank, D = 0.474m 

Area = 
𝜋

4
d

2
 = 

3.142×(0.474)2

4
                (3) 

Area = 0.1764 m
2
 

Conversion factor 

cf = 
1

𝐴×𝜌
                (4) 

 =   
1

0.1764×1000
   = 0.0057m 

Therefore, 1kg of water with respect to the area of 

the Lysimeter tank is 5.7 mm/kg 

The average monthly reference evapotranspiration 

(ETo) along Watari river where the site is located was 

obtained from Shanono et al., (2014). 

The crop coefficient (Kc) was estimated as a ratio 

of ETc to ETo using the Equation (5) (Allen et al., 

1998). 

occ ETKET                     (5)             

 

3.0 RESULTS AND DISCUSSIONS 

3.1 Results 

3.1.1 Water Use of the Cowpea: The water use 

of the cowpea crop was determined during the 

experiment and Table 1 present the average 

values of weekly and daily water use of the crop. 

3.1.2 Crop coefficient of cowpea under rain-

fed: The crop coefficient (Kc) of the crop was 

also determined at various growth stages and the 

average values of the Kc are presented on Table 

2. 

  

Table 1: Water use (CU) of the cowpea crop 

Days after planting 

(DAP) 

Weekly (CU) 

(mm) 

Average daily (CU) 

(mm/day) 
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08 – 14 22.3 3.18 

15  - 21 22.5 3.21 

22 – 28 27.9 3.98 

29 – 35 27.8 3.97 

36 – 42 28.6 4.09 

43 – 50 13.8 2.00 

51 – 58 11.2 1.60 

59 – 65 10.7 1.53 

66 -  72 9.9 1.41 

 

  

Table 2: Kc value for rainfed cowpea 

Crop growth stages DAP ETc  ETo Kc Average Kc 

Initial (14 days) 08 – 14 22.3 31.08 0.72 0.72 

 15  - 21 22.5 31.08 0.73  

Development (21 days) 22 – 28 27.9 31.08 0.90 0.86 

 29 – 35 27.8 33.99 0.82  

 36 – 42 28.6 33.99 0.84  

Mid-season (16 days) 43 – 50 13.8 33.99 0.69 0.63 

 51 – 58 11.2 33.99 0.57  

Late season (14 days) 59 – 65 10.7 33.99 0.31 0.30 

 66 -72 9.9 36.19 0.27  

 

 

3.2 Result Discussions 

3.2.1 Water Use of the Cowpea: Figure 1 shows 

the depths of rainfall, run off and drainage from 

the cowpea lysimeter. A total of 33 rainfall 

events were recorded in the cowpea field and the 

rainfall depths varied from 0.2 mm to 62.9 mm. 

The peak rainfall was recorded in August, 2015 

as it was the characteristics of rainfall in the 

study location. The rainfall depth in the cowpea 

field was 340.5 mm. The run off and drainage 

depths varied from 1.6 to 34.3 mm and 0.2 to 

28.0 mm, respectively. However, the seasonal 

runoff from the lysimeter was 165.5mm, 

respectively while the seasonal drainage from the 

lysimeter was 144.7 mm. The seasonal runoff 

and drainage from the cowpea lysimeter was 

about 48.6% and 42.5% respectively of the total 

rainfall recorded.  

Figure 2 shows the result and trend of the daily 

crop water use during the growing season 

respectively. The daily crop water use of the 

cowpea crop varied from 0.3 mm/day to 8.5 

mm/day with a seasonal average of 3.02 mm/day. 

There was no defined pattern for the daily crop 

water use. However, the undefined pattern for the 

daily crop water use with regards to the crop 

growth stage as the value kept rising and falling 

throughout the crop growing season.  

However, the pattern of crop water use with 

respect to crop age was better observed 

considering the weekly average crop water use. 
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Figure 1: Rainfall, Runoff and Drainage depth against Days of records 

 

 

Figure 2: Daily Evapotranspiration 

Weekly ETc and average daily ETc per week 

(Table 3.1) shows that the ETc for the period (08 

– 14) days after planting (DAP) was relatively 

high. This may be the fact that the soil surface of 

the lysimeter is directly exposed to the 

atmosphere without any vegetative cover which 

influence easy evaporation of water from the 

surface. This led to the increase in the amount of 

water evaporated within the period. The weekly 

consumptive use (CU) ranges from 9.9 to 28.6 

mm. The maximum WCU (28.6 mm) was 

observed in the fifth week when the planting was 

in developmental stage. This may be because the 

crop has developed vegetative cover and as well 

as at flowering stage. The minimum WCU (9.9 

mm) was observed when the crop fully matured. 

During this period, less water was required by 

the crop for its metabolism. Similarly, the 

average daily consumptive use (DCU) was 

observed to be maximum (4.09 mm) in the fifth 

week (developmental stage) and the minimum 

(1.41 mm) was observed when the crop was fully 

matured (late stage). The experiment revealed 

that the daily evapotranspiration (ETc) of the 

cowpea variety varied from 0.3 mm to 8.5 mm 

while the annual consumptive use was found to 

be 199.5 mm which means that the cowpea 

variety can be grown more than once annually, 

also it can be cultivated under irrigation, since 

the crop water requirement is relative low. 
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It was observed that the weekly consumptive use 

gradually increase within the period of (15 – 42) 

DAP and this may be due to increase in 

vegetation cover and formation of pods. 

However, the period (29 – 42) DAP was 

observed to be the period of fully vegetative 

cover and formation of pods and hence the 

consumption use was high and after this period, 

there was decrease in the consumptive use. This 

might be as a result of maturity stage set in, 

during which less water is required for the 

metabolic activity of the crop (Igbadun, 2012). 

The standard value of crop water use (ETc) and 

the crop water use estimated using the micro-

lysimeter (CU) for the cowpea crop. The 

standard value of daily ETc of cowpea range 

from 0.5 - 7.2 mm. While the daily and weekly 

estimated CU value ranges from 0.3-8.5 mm and 

9.9–28.6 mm respectively. The estimated CU 

was compared closely with standard ETc for the 

cowpea crop with difference of 0.2 mm/day, 

which implies that the micro-lysimeter 

effectively estimated the crop water use of the 

crop.the crop water use of the crop.  

3.1.2 Crop Coefficient (Kc) for the Rain-fed 
Cowpea: The result presented in Table 2 shows 

that there are four (4) main growth stages: Initial, 

Developmental, Mid and Late season 

respectively. The Kc value ranges from 0.27 to 

0.9. The average Kc of the cowpea at initial stage 

was observed to be 0.72. It is likely due to total 

expose of the soil surface of the lysimeter 

without vegetative cover and that of 

developmental, mid and late stages were 0.86, 

0.63 and 0.30 respectively. However, it was 

observed that the value of Kc at developmental 

stage was also high and this may be attributed to 

development of foliage and formation of pods of 

the crop, thereby increasing the rate of 

transpiration and consequently, the 

evapotranspiration rate. At the mid stages where 

the Kc value is 0.63, it was observed that there is 

decrease in the Kc value and this could be 

attributed to that fact the crop has set into 

maturity stage and this further decreases in the 

late season (Kc= 0.30) which shows that the crop 

is fully matured therefore less ETc was required 

for its metabolism. 

4.0 CONCLUSION 

Lysimetric experiment of crop water use was 

successfully conducted. The micro-lysimeter was 

installed and used in estimating crop water use of 

cowpea crop under rain-fed condition as well as 

the crop coefficient (Kc). The experiment 

revealed that the daily ETc of the cowpea varied 

from 9.9 mm to 28.6 mm. The Kc value obtained 

are 0.72, 0.86, 0.63, and 0.30 for initial, 

development, mid and late seasons respectively. 

However, the annual CU was found to be 199.5 

mm, meaning the variety has moderate CU. The 

value of Kc at developmental stage was high and 

this may be due to development of foliage and 

formation of pods of the crop thereby increasing 

the rate of transpiration, therefore, the 

evapotranspiration rate increases. At the mid 

stages where the Kc value is 0.63, it was 

observed that there was decrease in the Kc value 

and this may be due to the fact the crop as set 

into maturity stage and this further decreases in 

the late season (Kc= 0.30) which shows that the 

crop is fully matured therefore less ETc was  

required for its metabolism and it can be 

cultivated under irrigation, since the crop water 

requirement is relatively low and consequently, 

this techniques permit easy way of estimating 

crop water use and other composition of soil 

water balance under the condition of rainfall.  
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