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ABSTRACT

Self-sustaining, low-input, and energy-efficient agricultural systems in the context of
sustainable agriculture have always been in the centre of attention of many farmers,
researchers, and policy makers in the Northern Region and Ghana as a whole. However,
most practices of modern agriculture, e.g. mechanization, monocultures, improved crop
varieties, and heavy use of agrochemicals for fertilization and pest management, led to a
simplification of the components of agricultural systems and to a loss of biodiversity.
While modern agriculture especially hybrid seed production has brought vast increases in
productivity to the world“s farming systems, it is widely recognized that much of this may
have come at the price of sustainability. Restoring onfarm biodiversity through diversified
farming systems such as mix cropping that mimic nature is considered to be a key strategy
for sustainable agriculture by small scale farmers. To address these concerns, studies were
conducted at Nyankpala in the Savanna agro ecological zone in the Northern region of
Ghana involving two cowpea growth types, erect and spreading intercropped with hybrid
maize to assess the influence of these intercrops on the physiological behaviour of the
hybrid maize and their impact on the productivity of the system. The experiment was laid
in a split plot arranged in RCBD with four replications. The main plot factor was cowpea
growth type, erect cowpea (Songotra), spreading cowpea (Sanzi) and no cowpea (sole
maize). The sub plot factor was maize type, which were hybrid maize varieties Pan53,
Etubi, Mamaba and Obatampa (OPV). The result of soil analysis after harvesting showed
that the higher the density of the cowpea biomass the better it can sustain the fertility of the
soil. Generally, grain yield of sole maize (No cowpea) among the main plot factors
recorded significant higher result as compared to grain yield of the two intercropping
systems. The results of Benefit Cost Ratio of the cowpea/maize intercrops showed a higher

ratio as compared to the result of their respective soles. The Benefit Cost Ratio of Pan 53



recorded no significant differences among the sole and its intercrops. Obatanpa, on the

other hand, recorded significantly higher yield as a good material for intercropping.
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CHAPTER ONE INTRODUCTION
1.1 Background of the Study

The existence of mixed cropping systems involving mostly legumes and cereals such as
cowpea and maize among small scale farmers of the West Africa Savannah regions has
long been identified (Norman, 1975). Small scale farmers in Northern Ghana practise
intercropping systems by using traditional combination of five to six crops. Despite the
importance of intercropping, very few reports are found in the literature concerning the
influences of this system on the physiology and productivity of hybrid maize. The available
data refer mainly to plant water status (Wahua and Millen, 1998; Shackel and Hall, 1984;
Tavora and Lopes, 1990). However, it has been estimated that about 52-60 percent of small
scale farmers in Northern Ghana are involved in intercropping of maize and cowpea using
the local open pollinated maize varieties (MOFA 2010). Some of the reasons behind this
system of cropping have been precautions against uncertainty, instability of income, and

maintenance unstable soil fertility (Abalu, 1977)

Scarcity of land and erratic rainfall in Northern Ghana also put many farmers in a precarious
situation, with the only practical option for ensuring food security being intercropping. The
scarcity of land leads to continuous cropping, and consequent mining of the soils in term
of fertility. Weeds and striga take over the fields as they can compete better than food crops
in the poor soils. The best way of increasing food production includes adoption of modern
varieties, practising of improved cultural techniques and following the appropriate systems.
Intercropping is one of the important approach of cropping systems for increasing crop

production.

Better intercrop production could be achieved with the choice of appropriate crops



(Santalla et al., 2001) population density and planting geometry of component crops (Myaka,

1995).

The production of hybrid maize in Northern Ghana is gaining popularity in recent years
since the launch of the services of ,,MasaraN“Arziki“, an organization promoting the
production of maize. In 2009, about 200,000 farmers from the three Northern regions were
involved in hybrid grain maize production by using sole cropping system (Masara

2009). Private companies have also begun promoting hybrid maize varieties in Ghana.
Wienco has been promoting Pannar varieties. In 2012, eight private seed companies signed
a memorandum of understanding with CRI for the production of foundation and certified
hybrid seeds. Under this arrangement, CRI provided breeder seeds, training and supervision

to the seed companies. (IFPR1.2013)

Traditional agriculture, as practised through the centuries in Northern Ghana, has always
included different forms of intercropping. Farmers grow a variety of crops, often
intermingled in the same field, to sustain themselves and their families. Modern agriculture
has shifted the emphasis to a more market-related economy and this has tended to favour
intensive mono-cropping. Large-scale farmers in particular, have found it easier to plant
and harvest one crop on the same field using machinery and inorganic fertilizers. However,
small-scale farmers who do not have ready access to markets and who can normally only
grow enough food to sustain themselves, recognize that intercropping is one way of
ensuring their livelihood. Growing an increased number of crops helps to safeguard
production from shocks such as drought and intercropping can also help to maintain the

productivity of relatively fertile land.

According to Ntare (1990), farmers involved in intercropping are mostly those who practise

low input farming. Intercropping in which two or more crops are grown mixed together on



the same ground for all or most of their life cycle, is a wide spread traditional Africa
agriculture practice (Andrews and Kassam, 1976). Intercropping of cowpea has a
stabilizing effect on food security and also enhances efficiency of land use in the highly
populated farming communities of Northern Ghana. Cowpea as an intercrop can contribute
some residual nitrogen to the substantive crop (Willey, 1979). Grain legumes, particularly
cowpea is considered to have the fewest adoption problems and is widely grown by farmers,

mainly for home consumption of the seed and sometimes leaves in Northern Ghana.

1.2 Problem Statement

Sole maize cropping system introduced as a result of the hybrid maize production is a
challenge to small scale farmers in Northern Ghana who normally intercrop cowpea with

open pollinated maize varieties.

In this context, there was the need to conduct research to set the minds of these small scale

farmers free from the outcome of intercropping cowpea with hybrid maize will be.

1.3 Main Objective

The main objective of the research was to determine the effects of intercropping cowpea on
the physiological attributes of hybrid maize and their impact on the productivity of the

system.

1.3.1 Specific Objectives

1. To compare the effects of intercropping hybrid and open pollinated maize with

cowpea.

2. To determine the cowpea growth type suitable for maize intercrop.

3. To evaluate the effects of intercropped cowpea on weed control in maize



4. To determine the productivity of intercropping hybrid maize and cowpea

1.3.2 Hypothesis of the study

The objectives were formulated to test the null hypothesis that the two different cowpea
growth types (erect and spreading) intercropped with hybrid and open pollinated varieties,
lead to no differences in growth and yield of the maize. Also, it leads to no differences in

the control of weeds in the crop field as against sole maize cropping.

CHAPTER TWO LITERATURE REVIEW
2.1 General Overview on Intercropping

Intercropping is the practice of cultivating two or more crop species simultaneously in
proximity. It is described by Vandermeer (1989) as one option for cropping diversification.
Okigho and Greenland (1976) described intercropping as the most widespread cropping
system in Africa. Also, they estimated that 99% of cowpea and 75% of maize grown in
Nigeria are intercropped. In North America, interest in this system is growing because of
it"s potential for increasing whole field productivity (Fortin and Pierce, 1996). Francis et
al. (1976) estimated that 60% of maize production and most of cowpea grown in Latin
America come from intercropping. Intercropping is the main cropping system in Northeast
Brazil. Among the various combinations adopted by small farmers, maize and cowpea is

one of the most used (Morgado and Rao, 1985).

The most common goal of intercropping is to produce a greater yield on a given piece of
land by making use of resources that would otherwise not be utilized by a single crop. The
diversification of crop systems by increasing the number of cultivated species in the same

or nearby areas has been proposed by many researchers for the solution of many problems



of modern agriculture. Row-intercropping, mixed-intercropping, stripintercropping and

relay-intercropping are most important types of intercropping (Adu- Gyamfi et al., 2007).

Row-intercropping is the growing of two or more crops simultaneously where one or more
crops are planted in regular rows, and crop or other crops may be grown simultaneously in
row or randomly with the first crop. Mixed-intercropping is the growing of two or more
crops simultaneously with no distinct row arrangement. Stripintercropping is the growing
of two or more crops simultaneously in different strips wide enough to permit
independent cultivation but narrow enough for the crops to interact. Relay-intercropping
involves growing two or more crops simultaneously during part of the life cycle of each. A
second crop is planted after the first crop has reached its reproductive stage but before it is

ready for harvest (Adu- Gyamfi et al., 2007).

According to Fukai and Trenbath (1993) the adoption of the intercropping system is usually

justified by the better use of environmental resources as compared to monoculture.

In Northern Ghana, cowpea is traditionally intercropped with maize, sorghum and millet.
As soon as the rains become well established in early to late June, the cereal is planted
either in wider space or alternative rows. Several attempts to improve the performance in
intercropping systems have been made by planting cereal and cowpea at the same time and

manipulating their row spacing and densities (Norman, 1975)

Isenmilla et al. (1981) reported that yield losses of cowpea intercropped with maize could
be reduced from 68 to 48 per cent by proper choice of cultivar. In their study on the effect
of intercropping systems of cowpea growth types with maize, a cultivar known as New Era,
a spreading type, sustained less damage (48 per cent yield reduction) than erect type (62.2

percent) and semi-erect type (67.7 percent).



2.1.1 Benefits of Intercropping

Some of the main benefits of intercropping are an increase in yield per area of land. Several
research works have been reported on intercropping. Webster and Wilson (1996) concluded
that in most of the experiments on mixed cropping in the tropics, more than one acre of
pure stand was required to produce the yield of one acre of mixed crop and concluded that
for the tropical small scale farmer, there was no advantage to gain by replacing the
traditional practice of mixed cropping. Ezello (1996) reported that intercropping maize is
one of the most popular mixed cropping combinations under rainfed agriculture in the
tropics. Cultivation of maize in combination with other crops is therefore a widespread
practice in Northern Ghana, most especially in the Northern Region. It is not uncommon to
see crops like legumes, okra, melon, pepper and cassava being intercropped with maize.
Systems that intercrop maize with cowpea are able to reduce the amount of nutrients taken

from the soil as compared to maize as a sole crop.

Odhiambo and Ariga (2001) reported that with maize and beans intercrops in different
ratios, production increased due to reduced competition between species compared with
competition within species. Willey (1990) also considers intercropping as an economic
method for higher production with lower levels of external inputs. This increasing use
efficiency is important, especially for small-scale farmers and also in areas where growing
season is short (Altieri, 1995). Producing more in intercropping can be attributed to the
higher growth rate, reduction of weeds, reducing the pests and diseases and more effective
use of resources due to differences in resource consumption (Eskandari, 2012; Eskandari
et al., 2009; Watiki et al., 1993; Willey, 1990; Willey and Osiru, 1997). In addition, if
there are "complementary effects” between the components of intercropping, production
increases due to reducing the competition between them (Mahapatra, 2011; Zhang and L,

2003; Willey, 1979).



Increased diversity of the physical structure such as leaves and roots of plants in an
intercropping system also produces many benefits. Increased leaf cover in intercropping
systems helps to reduce weed populations once the crops are established (Beets, 1990).
Having a variety of root systems in the soil reduces water loss, increases water uptake and
increases transpiration. The increased transpiration may make the microclimate cooler,
which, along with increased leaf cover, helps to cool the soil and reduce evaporation (Innis,
1997). This is important during times of drought or water stress, as intercropped plants use
a larger percentage of available water from the field than mono cropped plants. Beets (1990)
also reported that, rows of maize in a field with a shorter crop will reduce the wind speed

above the shorter crops and thus reduce desiccation.

Increased plant diversity in intercropped fields may reduce the impact of pest and disease
outbreaks by providing more habitats for predatory insects and increasing the distance
between plants of the same crop. Ecological benefits of intercropping include less land
needed for crop production, reduction of the use of inorganic fertilizers, pesticide and

herbicide use, and a reduction in soil erosion (Carlson, 2008).

Intercropping also has several benefits to the farmer including a reduction in farm inputs,
addition of cash crops, diversification of diet, increased labour utilization efficiency, and
reduced risk of crop failure due to uncertainties of the weather. The amount of time to plant
the multiple varieties of seeds would be reduced, thus increasing labour utilization
efficiency. Peak labour requirements that occur during harvest are spread out when two or
more crops are harvested at different times allowing the smallholder to complete the harvest

with family labour (Jension, 2006).

Intercropping presents a large level of risk reduction for the smallholder in Northern Ghana.

If one crop is entirely lost to pest or drought damage, the farmer may still harvest the other



crop in the field. Given the unpredictable rainy season and the different water requirements
of each crop, planting many varieties of the same crop in an intercropped field gives the
farmer a better chance that some crops will survive (Carlson, 2008).

One important advantage of intercropping is its ability to reduce pest and disease damage.
In general, Danso et al. (1987) reported that strategies involved in reducing pest infestation
and damage in intercropping can be divided into three groups. First is delimiter crop
hypothesis in which the second specie breaks down the ability of a pest to attack its host
and is used more in proprietary pests. Secondly, trap crop hypothesis, in which the second
specie attract their pest or pathogen that normally does damage to the main species and is
used more in general pests and pathogenic agents. Third is by natural enemies* hypothesis,
in which predators and parasites are more attracted in intercropping, than the
monocropping, and thereby diminishes parasitized and prey. Although intercropping does
not always reduce pest or pathogen, most reports have pointed to reduced populations of
pests and diseases in the intercropping (Fujita et al., 1992). In a review by Francis (1989)
on intercropping, in 53% of the experiments intercropping reduced the pest, and in 18%
increased the pest than the pure cropping. Increasing pests can be due to several reasons,
such as the second crop is a host for pests in intercropping, or increasing the shade in
canopy, provides favourable conditions for pests and pathogens activity. In addition plant
residues can be as a source for pathogens inoculated as also reported by (Anil et al., 1998;
Watiki et al., 1993). More species diversity in agricultural ecosystems can limit the plant
pathogenic spread. Intercropping systems increases biodiversity like the natural

ecosystems. This increase in diversity reduces pest damage and diseases (Anil et al., 1998).



2.1.2 Disadvantages of Intercropping

There have been several reports on yield reduction in mixed cropping due to competition
for light, water and nutrients, or allelopathic effects that may occur between mixed
crops may reduce yields (Cenpukdee and Fukai 1992a, 1992b; Carruthers et al.,

2000; Santalla et al., 2001; Yadav and Yadav, 2001; Olowe and Adeyemo, 2009).

Therefore selection of appropriate crops, planting rates, and changes in the spatial arrangement

of the crops is necessary.

Adu-Gyamfi et al. (2007) reported that when nitrogen fertilizer is added to the field,
intercropped cowpea uses the inorganic nitrogen instead of fixing nitrogen from the air and
thus compete with maize for nitrogen. However, when nitrogen fertilizer is not applied,
intercropped legumes will fix most of their nitrogen from the atmosphere and not compete

with maize for nitrogen resources.

A serious disadvantage in intercropping is thought to be difficult with practical
management, especially, where there is a high degree of mechanization or when the
component crops have different requirements for fertilizers, herbicides, and pesticides.
Additional cost for separation of mixed grains and lack of marketing of mixed grains,
problems at harvest due to lodging, and grain loss at harvest also can be serious drawbacks
of intercropping. Mechanization is also a major problem in intercropping. Machinery used
for sowing, weeding, fertilizing, and harvesting are made for big uniform fields and not for

small scale production (Lithourgidis et al., 2011).

2.1.3 Intercropping Effects on Light Interception

Light interception (LI) and light use efficiency (LUE) characterize resource capture and use
efficiency of cropping systems, including cowpea maize intercrops. When cowpea is

intercropped with tall cereals such as maize, light is an important factor. In field crops,



there is often a linear relationship between cumulative intercepted PAR and accumulated
biomass. The slope of this relationship is called the light use efficiency (Monteith, 1977,
Russell et al, 1989). Willey (1990) reported that, improved productivity can result from
either greater interception of solar radiation, a higher light use efficiency, or a
combination of both. Light interception is sometimes increased as a result 