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                  A B S T R A C T                            

Introduction  

Rain-fed agriculture is central to the food 
production process in Sub-Saharan Africa 
(Cooper et al., 2008). The majority of 
farmers heavily depend on rain-fed crop 
production systems (Boko et al., 2007), and 
lack the incentive to improve water use 
efficiency in agricultural production (Abbate 
et al., 2004) including the motivation to 
conserve water (Hsiao et al., 2007) during 
the crop growth period. In rain fed 
agricultural systems, soil water infiltration    

and storage in the root zone determine the 
overall availability and use efficiency of 
water in crop production (Hsiao et al., 
2007). Improving agricultural production 
will depend on efficient capture, 
management and use of rainwater resources 
(Rockström et al., 2003). Therefore, 
planning agricultural systems that are 
efficient users of available water, as a pre-
requisite for improving water productivity, 
requires a good understanding of crop water 
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Soil water is a critical component in agricultural production systems for 
optimization of grain yields. Soil water performs a number of important functions 
in soils. It is essential for mineral weathering and organic matter decay, chemical 
reactions that provide soluble nutrients in the plant-soil system. Water also serves 
as the medium in which nutrients move to plant roots. The retention of rain or 
irrigation water for direct plant use is another primary function of soil. Maize and 
cowpea were planted as sole crops and as intercrop before the soil moisture sensor 
of depths 30cm, 60cm and 90cm were installed on the nine plots. The design was a 
Randomized Complete Block Design (RCBD) and was replicated three times. The 
soil moisture was monitored during the growing seasons. The intercrop recorded 
the highest water use efficiency followed by the maize sole crop and lastly the 
cowpea sole crop. Since water does not settle in one horizon of the soil but moves 
further into the soil, much water was retained at the 60cm and 90cm depth than at 
the 30cm depth. This resulted in the increase of water usage at the 30cm and 60cm 
depth than at the 90cm.  
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use vis-à-vis the water sources (water 
balance components) (Mulebeke et al, 
2010). Mulebeke et al (2010) further 
explains that increasing crop water 
productivity and drought tolerance by 
genetic improvement and physiological 
regulation may be the means to achieve 
efficient and effective use of water. But high 
water productivity values carry little or no 
interest if they are not associated with high 
or acceptable yields (Ali and Talukder, 
2008). Such association of high (or 
moderate) productivity values with high (or 
moderate) yields has important implications 
on the effective use of water. 

Critchley and Siegert (1991) iterate that 
improved crop yields and water productivity 
can be accomplished in many ways 
explaining that one option is to maximize 
plant water availability in the root zone, 
which involves practices to capture surface 
run-off for ex-situ water harvesting and 
supplemental irrigation, redirect local run-
off to the plant roots and maximize rainfall 
infiltration through in-situ water 
management, and by managing soil 
evaporation. Second, management can be 
targeted at maximizing the plant water-
uptake capacity, which involves practices of 
crop and soil management to increase root 
water uptake. 

Raising productivity, through adequate use 
of available natural resources e.g. light and 
nutrients is possible through intercropping 
provided demands for component crops are 
well understood (Midmore, 1993). 
According to Zhang et al. (2012) 
intercropping systems could promote the full 
use of cropland water by plant roots, 
increase the water storage in root zone, 
reduce the inter-row evaporation and control 
excessive transpiration, and create a special 
microclimate advantageous to the plant 
growth and development. Zhang et al. 
(2012) further states that intercropping 

systems could optimize source-sink 
relationship, provide a sound foundation for 
intensively utilizing resources temporally 
and spatially, and increase the crop yield per 
unit area greatly without increase of water 
consumption, so as to promote the crop 
water use efficiency effectively. 

With this in view, this study sought to 
evaluate the sub-surface soil moisture 
regime and water use efficiency for maize 

 

cowpea cropping system.  

Maize (Zea mays) is one of the oldest food 
sources and is a fully domesticated plant 
(Smith 2001; Thobatsi, 2009). It is also an 
important staple crop and has contributed 
significantly in ensuring food security and 
the growth of Ghana s economy (Diao, 
2010).  

Cowpea (Vigna unguiculata) is also an 
important staple food for millions of people 
in developing countries (Coetzee, 1995) 
especially in the semi-arid tropics covering 
Asia, Africa, southern Europe, Central and 
South America. Cowpea is a drought-
tolerant and warm-weather crop with high 
protein content (22-24%) and can thrive in 
lower soil fertility conditions than many 
other crops (Coetzee, 1995). These 
properties and the presence of nodular 
bacteria specific to cowpea makes it suitable 
for cultivation in the hot, marginal cropping 
areas of Southern Africa as well as in the 
cooler, higher rainfall areas. Cowpea has the 
useful ability to fix atmospheric nitrogen 
through its root nodules. Cowpea variety 
selection is the key to the modification of 
cropping systems and is exceptionally 
suitable for intercropping (Singh et al, 
2002).  

Among the various combinations of cereals 
and legumes used by small-scale farmers, 
maize and cowpea is one of the most widely 
used. (Eaglesham et al.,1981; Ofori & 
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Stern,1986 and Mpangane et al, 2004).The 
principal reason for farmers to intercrop are 
flexibility, profit maximization, risk 
minimization against crop failure, soil 
conservation and maintenance, weed control 
and balanced nutrition (Shetty et al.,1995). 
Other advantages of intercropping include 
potential for increased profitability and low 
fixed costs for land as a result of a second 
crop in the same field. Time labour 
management and equipment are also better 
utilized (McCoy et al., 2001). According to 
Viljoen and Allemann (1996), some of 
intercropping advantages include: higher 
yield than sole crop yields, probably due to 
less intra-specific competition, greater yield 
stability, more efficient use of 
environmental resources, better weed 
control, provision of insurance against crop 
failure, improved quality by variety, also 
maize as a sole crop requires larger area to 
produce the same yield as maize in an 
intercropping system. Intercrops are 
believed to perform better than sole crops 
because of increased yield, preservation of 
moisture and shelter against pest attacks and 
even regarding the distribution of labour 
requirements and the provision of more 
balanced food supplies for humans 
(Vandermeer, 1992).  

Water use by intercrops has mostly been 
studied in terms of water use efficiency 
(WUE). An intercrop of two crop species 
such as legumes and cereals may use water 
more efficiently than a monoculture of their 
species through exploring a larger total soil 
volume for water, especially if the 
component crops have different rooting 
patterns (Willey, 1979).  Hulugalle & Lal 
(1986) reported that WUE in a 
maize/cowpea intercrop was higher than in 
sole crops when soil water was not limiting. 
However, under water limiting conditions, 
WUE in the crop compared to sole maize 
can be higher resulting in retarded growth 

and reduced yield. Work done by Sani et al 
(2011) showed that an intercrop of maize 
and sorghum utilized available resources 
more efficiently than their respective 
monocrops. Likewise, Kanton and Dennette 
(2004) recorded higher water use 
efficiencies in a maize/pea intercrop 
compared to sole maize cropping.  

Materials and Methods  

The study was conducted at the Council for 
Scientific and Industrial Research (CSIR) - 
Crops Research Institute at Fumesua, 
Kumasi. Maize was planted on 17th Oct 2012 
and repeated for a second season on 14th Oct, 
2013. Seeds were planted three seeds per hill 
at a spacing of 40 cm within rows and 80 cm 
between rows. Cowpea was also planted 
simultaneously at a plant spacing of 20 cm by 
60 cm. Both crops were thinned to two plants 
per hill 10 days after sowing.  

The experimental design was a randomized 
complete block design (RCBD) with three 
replications. With the aid of an auger, soil 
moisture sensors were installed on nine plots 
with each plot having sensors (replicated 
twice) at depths 30 cm, 60 cm and 90 cm 
culminating in six soil moisture sensors for 
each plot. However, one soil water 
monitoring device was used for the entire 
nine plots. The soil moisture tension data 
was taken from the field three times a week 
from depths of 30cm, 60cm and 90cm with 
the aid of the soil moisture meter during the 
growing season. Monitoring was done every 
three days for thirty five days.                            

Results and Discussion  

Weather  

The trend of weather during the period of 
the trial (Table 2 and 3) indicates adequate 
moisture for crop growth. However, rainfall 
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amounts in both seasons were below the 
long term mean (1300mm) of the area. 
These were 1028.60mm and 1225.8mm for 
2012 and 2013 respectively. Temperature, 
evaporation and relative humidity were also 
within the ranges necessary for adequate 
plant growth (Downes, 1972). This 
manifested in the good growth of both crops 
observed in both seasons during the study.  

Supplementary irrigation  

Irrigation plays an important role in plant 
growth. It is used to assist in the growing of 
agricultural crops, maintenance of 
landscapes and revegetation of disturbed 
soils in dry areas and during periods of 
inadequate rainfall (Toriman and Mokhtar, 
2012). However in this study, irrigation was 
carried out to supplement the rainfall 
amount during the crops growing season. 
Each irrigation incident supplied an amount 
of 20mm for eight irrigated days amounting 
to 160mm of supplementary irrigation. 
Irrigation was done on the dates below.  

Soil moisture tension  

Soil water tension is related to water 
potential. This is not water content but the 
potential of the soil to provide water to the 
plants. As the soil dries and soil water 
tension increases, the water potential 
decreases  (Hensley and Deputy, 1999) 
meaning that as the soil water content 
increases due to additions from rainfall or 
irrigation, the soil-water tension decreases 
and soil water potential increases.    

It is shown in Fig 1 that, at the 30 cm depth 
for sole maize, sole cowpea and the 
intercrop that there was an adequate use of 
water for all the crops. The amount of water 
retained at the 30 cm soil depth for all the 
crops is low as compared to the other 
depths. It is also shown in fig 2 that at the 60 

cm depth there was enough moisture for the 
sole maize and sole cowpea crops.  
However, the 90 cm soil depth (fig 3) 
recorded the highest water retention.  

From figure 4, there was enough moisture in 
the soil at all the three identified depths. 
From the sole cowpea graph of figure 5, it is 
clearly shown that the soil was adequately 
wet for both 60 cm and 90 cm depth. 
However, the water tension in the 30 cm 
depth quite high, indicating a higher 
pressure for extraction by plants. It can 
therefore be said that water use for this 
particular plot was quite high. From figure 
6, water use at the 30 cm and the 60 cm 
depth was high due to the competing nature 
of the two intercrops. However, since most 
of the root of both crops were within the 
first two depths, water use at these depths 
was quite high, leaving the 90cm depth 
saturated.  

Water use and water use efficiency  

Water-use (mm) = (soil water at sowing 

 

soil water at maturity) + in-crop rain + 
supplementary irrigation. This was the 
method employed by French & Schultz, who 
deliberately chose sites that were not prone 
to run-off, drainage or lateral water 
movement so. For this experiment runoff 
and drainage was assumed negligible and 
was not measured. Water-use efficiency 
(WUE) is simply grain yield (kg/ha) divided 
by water-use:  

WUE (kg/ha.mm) = grain yield/water-use  

The final values of WUE (Table 5), derived 
as described by CSIRO in its WUE-
Benchmarking guide (Hunt and Kirkegaard, 
2012) shows the various water use and 
corresponding use efficiencies of the various 
cropping systems.  
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The sole maize cropping had a WUE of 
10.35 kg/ha mm and 7.64 kg/ha mm for 
2012 and 2013 respectively. The sole 
cowpea cropping had a WUE of 3.69 kg/ha 
mm and 4.06 kg/ha for 2012 and 2013 
respectively. The maize cowpea intercrop 
had a WUE of 12.72 kg/ha mm and 13.24 
kg/ha mm for 2012 and 2013 respectively. A 
percentage difference of 22.9 and 73.3 was 
observed for the WUEs of the maize cowpea 
intercrop and its respective sole maize 
inetrcrop. There was no significant 
difference between the two growing seasons 
indicating similar conditions for growth. 
However, there were significant differences 
(at p>0.05) between the maize cowpea 
intercrop and its corresponding sole crops.   

It is also shown that at the 60 cm depth there 
was enough moisture for the sole maize and 
sole cowpea crops. But the intercrop at the 
60 cm depth recorded the highest water use 
which can be attributed to the competitive 
nature of the rooting system between the 
two crops at that depth. However, the 90 cm 
soil depth recorded the highest water 

retention. Also since water does not settle in 
one horizon of the soil but moves further 
into the soil, we expect much water to be at 
the 60 cm and 90 cm depth than at the 30 cm 
depth. This resulted in the increase of water 
usage at the 30 cm. This study has clearly 
demonstrated that intercrops of maize and 
cowpea had greater water use efficiencies 
than their component crops. It can therefore 
be said that the intercrop has the highest 
water use efficiency followed by the maize 
sole crop and lastly the cowpea sole crop. 
i.e. cowpea sole crop > maize sole crop > 
intercrop.   

In both seasons, the water use by intercrops 
and the sole crops were very similar. Water 
use by various intercrops, in tropical 
conditions, has been found to be similar to 
their sole counterparts but intercrops used 
the water more efficiently (Natarajan and 
Willey, 1980; Hulugalle and Lal, 1986; Ong 
et al., 1996). The results from this 
discussion also agree with the studies 
conducted by Ofori and Stern, 1987.  

Table.1 Soil analysis of the experimental field for the various physico-chemical properties  

Exchangeable cations Available - brays

 

LABELS 
Soil 
dept
h 

pH 
1:1 
H2O

 

% 
Carbo
n 

% 
Total 
Nitrog
en 

% 
organic 
matter Ca Mg K Na 

% base 
Saturatio
n 

P  
Ppm 

K Ppm 
Texture 

0 - 
30 

5.12

 

0.37 0.03 0.64 2.40 0.53

 

0.07

 

0.03

 

80.16 68.80 28.39 
Sandy 
loam 

30 

 

60 
5.31

 

0.31 0.02 0.53 1.07 0.27

 

0.06

 

0.03

 

64.13 16.26 25.36 
Sandy 
Loam 

 AT 
PLANTI
NG  

60 - 
90 

5.27

 

0.42 0.09 0.72 1.87 0.53

 

0.10

 

0.04

 

72.78 42.65 39.67 
Sandy 
loam 

0 - 
30 

5.34

 

0.82 0.07 0.81 2.14 0.53

 

0.08

 

0.03

 

82.25 179.41 32.87 
Sandy 
loam 

30 - 
60 

5.18

 

0.37 0.08 0.73 4.81 1.87

 

0.18

 

0.05

 

97.88 9.59 72.38 
Sandy 
loam 

AT 
HARVES
T    

60 -
90 

5.11

 

0.87 0.08 0.80 1.87 0.53

 

0.12

 

0.04

 

75.07 18.66 47.38 
Sandy 
loam 
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Table.2 Weather data for 2012  

Month  Rain Minimum 
Temperature, 
°C 

Maximum 
Temperature, 
°C 

Humidity, 
% 

Solar 
radiation, 
w/m2 

Wind, 
m/s 

January 9 19.68 33.89 61.02 313.36 0.64 
February 17.8 21.89 33.96 70.00 332.06 0.99 
March 82.4 22.74 33.89 76.77 369.48 0.94 
April 152.6 22.47 32.63 83.25 351.14 3.98 
May 170.4 22.17 31.58 85.29 315.14 0.87 
June 204 21.96 29.65 89.52 263.60 0.92 
July 43.6 21.67 28.45 89.12 233.90 0.94 
August 4.6 21.28 28.42 86.74 195.37 1.14 
September 46.6 21.95 30.73 86.44 244.02 0.80 
October 215.2 21.78 31.86 88.42 307.24 0.59 
November 41.6 22.20552 32.68216 85.13548 321.9 0.649677

 

December 40.8 21.42394 32.55471 80.09677 321.4451613

 

0.585806

   

Table.3 Weather data for 2013  

Month  Rain Minimum 
Temperature, 
°C 

Maximum 
Temperature,  
°C  

Humidity, 
% 

Solar 
radiation, 
w/m2 

Wind, 
m/s 

January 3 19.99 35.08 56.63 313.70 0.67 
February 55 22.22 35.82 64.56 330.14 0.90 
March 103.6 22.71 33.64 81.51 367.74 0.95 
April 71.4 22.56 34.02 80.78 381.44 0.93 
May 183.2 22.32 32.73 83.76 343.41 0.81 
June 111.8 22.15 30.60 87.82 289.25 0.85 
July 153 21.46 28.51 91.12 225.28 0.90 
August 7.4 21.18 27.82 89.13 202.84 1.00 
September 255.4 21.69 30.14 90.09 257.57 0.81 
October 171.4 21.63 31.24 89.13 303.16 0.63 
November 104.8 21.97 32.40 87.64 309.63 0.66 
December 5.8 20.11 32.27 74.68 283.63 0.58 

 

Table.4 Dates on which supplementary irrigation was done. 
2012 2013 
1st November 17th October 
9th November 25th October 
12th November 31st October 
13th November 8th November 
14th November 15th November 
20th November 27th November 
22nd November 9th December 
28th November 17 December 
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Fig 1 Average moisture tension at 30 cm depth 

 

Fig 2 Average moisture tension at 60 cm 
depth 

 

Fig 3 Average moisture tension at 90 cm depth 

SM = Sole maize 
SC = Sole cowpea 
MCI = Maize cowpea            
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Fig 4 Moisture tension for sole maize 

 

Fig 5 Moisture tension for sole cowpea 

 

Fig 6 Moisture tension for maize cowpea intercrop   
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Table.5 Water use and water use efficiency of the various cropping systems  

Sole maize Maize-cowpea 
intercrop 

Sole cowpea 

 
Season 1 Season 2 Season 1 Season 2 Season 1 Season 2 

Total available water at 
planting, mm 

26 30 26  30  26  30  

Total soil water at 
maturity, mm 

12 14 8  6  18  16 

Growing season rain, 
mm 

297.60  282.00 297.60 282.00 297.60 282.00 

Supplementary 
irrigation, mm 

160 .00 160.00  160.00 160.00 160.00 160.00 

Water use, mm 471.60  458.00  475.60 466.00 465.60 456.00 
Cowpea

 

N/A N/A 1600 1350 1720 1850 Grain yield 
@ 
12%moisture 
content, 
kg/ha 

Maize 4880 3500 4450 4820 N/A N/A 

 

Cowpea 
+ maize 

4880  3500 6050 6170 1720 1850 

WUE, kg/ha mm 10.35 7.64 12.72 13.24 3.69 4.06 
N/A = Not applicable   

Fig.7 Water use efficiency of the various cropping system for the two growing seasons  
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