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GENERAL ABSTRACT

Coastal lowland region of Kenya is prone to drought hence enhancing productivity of
maize-cowpea based cropping systems requires deployment of stress resilient varieties
and agronomic practices that enhance moisture retention. Studies were conducted on-
farm at Tezo location and on-station at Pwani University and Kenya Agricultural and
Livestock Research Organization Mtwapa, coastal lowland Kenya, in the short rains and
long rains of 2011 and 2012. The objectives were: (i) To identify cowpea varieties most
preferred by coastal farmers through participatory variety selection; (ii) To determine the
influence of drought stress on canopy temperature, chlorophyll content, growth and yield
of local and improved cowpea varieties; (iii) To determine the effect of variety and
insecticide application on pest damage and growth and yield of local and improved
cowpea varieties (iv) To determine the effect of intercropping maize and cowpea on soil
moisture content, canopy temperature, chlorophyll content, growth and yield of the
component crops; (v) To determine the effect of cowpea crop residue management on
soil moisture content, canopy temperature, chlorophyll content, growth and yield of
intercropped maize and cowpea; (vi) To determine the effect of different farmyard
manure levels on soil moisture content, canopy temperature, chlorophyll content, growth
and yield of intercropped maize and cowpea; (vii) To determine the effect of varying N-
fertilizer application on soil moisture content, canopy temperature, chlorophyll content,
growth and yield of intercropped maize and cowpea in coastal lowland Kenya. All the
experiments were laid out in randomized complete block design and replicated three
times. In all the experiments, data collected were subjected to analysis of variance using
SAS and means separated using the least significant difference (LSD) at p=0.05. In the
first objective, participatory cowpea varietal evaluation of 11 cowpea varieties was

conducted using criteria developed by farmers. Farmers’ cowpea selection criteria before
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flowering and at podding were high grain yield, drought tolerance, early maturity, ease
of harvesting and leafiness. Kutambaa, KVVU 27-1 and Nyeupe were rated top varieties at
these stages. Farmers’ selection criteria at maturity and after harvest included grain
yield, color, taste and cooking duration. KVU 419, Kaima koko and Nyeupe were rated
top varieties at these stages. In the second objective, the 11 cowpea varieties were
subjected to no water stress, water stress during the vegetative stage and water stress
during flowering. Water stress imposed at vegetative growth stage and flowering
reduced cowpea growth attributes (plant height, shoot dry matter, and leaf number),
ground cover and chlorophyll content, but increased canopy temperature, time to
anthesis, harvest index, grain yield and yield components (pod weight, number of pods,
grains per pod and grain weight) for most varieties. In the third objective, 11 cowpea
varieties were either sprayed with an insecticide or not sprayed. Pest damage levels at
vegetative, flowering, podding and maturity stages were over 50% in all varieties.
Insecticide application reduced pod damage and insect pest damage at vegetative,
flowering and podding stages. Insecticide application reduced grain yield by a range of
11.6% (Nyekundu) to 662.5% (Macho). In the fourth objective, cowpea variety Nyeupe
was either intercropped with maize variety DHO04 or maize variety Lamu. Sole crops of
both maize varieties and cowpea variety Nyeupe were also evaluated. Sole cowpea plots
and maize-cowpea intercrop plots had higher moisture content than sole maize plots.
Intercropping reduced chlorophyll content, weed biomass, growth attributes, yield and
yield components of maize and cowpea, but increased canopy temperature and cowpea
nodule numbers. In the fifth objective, two intercrop systems (Lamu-cowpea and DHO4-
cowpea) and three crop residue management options (no residue, surface mulch and crop
residue incorporation) were evaluated. Application of crop residues (incorporated or
mulched) increased soil moisture content and chlorophyll content, growth attributes,

yield and yield components of cowpea and maize, but reduced canopy temperature and
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cowpea nodule number. Crop residue incorporation outperformed surface mulching in
most plant attributes. In the sixth objective, DH04-cowpea and Lamu-cowpea intercrops
were subjected to three farmyard manure levels (0, 2.5 and 5.0 t/ha). Farmyard manure
application increased soil moisture content and groundcover, chlorophyll content,
growth parameters, yield and yield components of maize plants; however, it reduced
canopy temperature and all cowpea plant attributes. DHO4-cowpea intercrop
outperformed Lamu-cowpea intercrop in most plant attributes. In the seventh objective,
DHO04-cowpea and Lamu-cowpea intercrops were subjected to three inorganic N-
fertilizer levels (0, 30 and 60 kg N/ha). Application of N-fertilizer increased maize
chlorophyll content, growth attributes, yield and yield components; however, it reduced
these plant attributes canopy temperature and cowpea nodulation. Performance of maize
under DHO4-cowpea intercrop was higher than under Lamu-cowpea intercrop.

Cowpea varieties most preferred by coastal farmers were KVU 419, Nyeupe, KVU 27-1
and Kutambaa. Water stress reduced cowpea growth, but enhanced grain yield and yield
components. None of the 11 varieties was resistant to insect pests, but varied in the
response to insecticide application. Intercropping cowpea with either DH04 maize
variety or Lamu maize variety was more productive than sole cropping. Surface
mulching and crop residue incorporation conserved moisture and enhanced crop
performance, with the latter being more beneficial. Farmyard manure application
enhanced soil moisture retention and yield performance of maize in maize-cowpea-
intercrop but decreased cowpea performance. Application of N-fertilizer reduced cowpea
growth and yield but increased these attributes in maize. Crop residue use and
applications of farmyard manure and inorganic N-fertilizers decreased canopy
temperature. It is advisable for farmers in coastal lowland Kenya to adopt stress resilient
varieties and integrate crop residue, farmyard manure and inorganic N-fertilizers in
maize-cowpea intercrop systems.
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CHAPTER ONE: INTRODUCTION
1.1 Background information

Maize (Zea mays L.) is one of the most important cereal crops in the world, extensively
grown in irrigated and rain-fed areas (Irshad et al., 2002). Generally it ranks third among
cereal crops, after wheat and rice. Maize is the most important food crop in coastal lowlands
of Kenya, a region which experiences persistent maize crop failures and low yields. The
coastal region has an average maize grain yield of 0.5 — 1.0 t ha™, compared to the national
average of 1.5 t ha™ (Duflo et al., 2008). In 2009, farmers in coastal Kenya produced
1,194,118 bags of 90 kg maize from a total land area of 115,675 ha, giving an average yield
of 0.9 t ha™. Consequently, about 1.8 million people in the coastal region are food insecure
and requires assistance throughout the year (MoA, 2010). The major factors limiting maize
yields in the coastal region are soil moisture stress, low soil fertility, and rapid growth of
weeds (Saha, 2007). The soil moisture stress is due to low and erratic rainfall (700 — 1000
mm per year) that comes in two seasons (Jaetzold et al., 2012). Also, the soils are sandy and
have very low water retention capacity; hence, crops grown on them often suffer drought
stress (Adcock et al., 2006). Further, the soils are characterized by low organic matter and are
deficient in major nutrients, especially nitrogen (Ndiso et al., 2012). The moisture stress and
low soil fertility problems are exacerbated by rapid growth of weeds due to the hot-humid
climate of the region (Saha, 2007). According to Gethi (2002), maize grain is subject to
infestation by a complex of pests and diseases consisting primarily of insects, mites and fungi.
These contribute to substantial post harvest losses. The total grain loss due to pest infestation in
maize is estimated at 57% (Grisley, 1997). The crop losses due to pest infestation of maize and
legumes are expected to be higher in the coastal region than other parts of Kenya due to the

humid climatic conditions of the region.



In the coastal region of Kenya over 90% of smallholder farmers intercrop or relay crop maize
and cowpea (Vigna unguiculata) during the long rains season (Obong'o et al., 1993). Cowpea
is used for both food and forage (Singh, 2002) and its relatively high protein content makes it
an important supplement in the diet of many African people (Bressani, 1985) who consume
cereals that are high in carbohydrates but low in protein (Kamara et al., 2007). Cowpea is
frequently intercropped with cereals, where it contributes to the maintenance of soil fertility
(Vanlauwe et al., 2007). By incorporating cowpea into the cropping systems, farmers in the
region have for long utilized biologically fixed nitrogen to maintain soil fertility (Saha,
2007). The ability of legumes to fix nitrogen through symbiosis with species of rhizobia gives
them special value in low input agriculture (Massion-Boivin et al., 2009). Some cowpea
varieties are drought tolerant and yield well in dry environments (Cattivelli et al., 2008).
They have deep root systems that stabilize the soil and enable absorption of water from lower
layers of the soil. They also form an effective canopy cover that conserves moisture and can
fix up 49.8 kg N ha™ (Hagan et al., 2010). However, little is known about the genetic and
symbiotic diversity of these bacteria in distinct ecosystems (Gulmaraes et al. 2012).
Therefore, when cowpea varieties for the region are identified, they are ideal for coastal
lowland Kenya where the soils are fragile and droughts are prevalent. Most farmers are aware
of the ability of legumes to improve soil fertility and suppress weeds, hence they have for
long relied on intercropping or relay cropping cereals with legumes (Saha, 2007).
Intercropping maize with cowpea is a common practice in coastal Kenya. Maize-cowpea
intercrop has been used to reduce populations of notorious weeds such as nut grass (Cyperus
rotundus) (Makoi and Ndakidemi, 2011).

1.2 Problem Statement

Maize yields in the coastal region of Kenya are low, ranging from 0.5 t ha™ to 1.0 t ha™

compared to the potential of >3.0 t ha™* (Wekesa et al., 2003). Maize production in coastal



lowland Kenya is based on a low-input system in which organic and inorganic fertilizers are
rarely used. The low maize yields are mostly due to poor soil fertility and low, erratic rainfall.
The soils are low in organic matter, resulting in poor infiltration rates and low water holding
capacity. Nitrogen is the most limiting nutrient in the region (Ndiso et al., 2012). Small
holder farmers cannot afford the costly fertilizers. The current cropping systems do not favor
improvement in crop yields; build up of organic matter, efficient utilization of soil water, and
suppression of weeds. Cowpea has the potential to improve soil fertility through nitrogen
fixation when integrated into maize-based cropping systems. However, the cowpea genotypes
currently grown in coastal Kenya are unimproved, low yielding and their levels of tolerance
to drought and insect pest had not been established. Moderate to heavy stress has been
reported to reduce cowpea yield by 42.6 to 98.4% (Abayomi and Abidoye, 2009). A Kenyan
report indicates losses of up to 80% occur on indigenous cowpea varieties as a result of pod
borer attack (Okeyo-Owuor et al., 1983). In addition, most farmers grow local landraces of
maize and cowpea rather than improved varieties which have been bred for drought tolerance

and insect resistance (Wekesa et al., 2003)
1.3 Justification

The best starting point in developing new pro-poor agriculture is the system that farmers have
developed and/or inherited over the centuries (Chambers, 1983). Most of the farmers (over
70%) in the coastal region of Kenya grow local coastal maize landraces (LCML) despite the
various improved varieties which have been released for growing in the region (Wekesa et
al., 2003). However, some of the LCMLs such as Lamu maize variety can perform as well as
the improved varieties under drought (Ndiso et al., 2012) and low input conditions. Cowpea,
the most important grain legume in coastal Kenya, is mainly grown as an intercrop or relay
crop with maize (Njunie et al., 2007). As a cover crop, cowpea has the ability to conserve
moisture (Ghanbari et al., 2010) and improve soil fertility through nitrogen fixation (Giller,

3



2001). Intercropping combined with competitive maize cultivars can reduce weed infestation
(Gomez et al., 2007). One of the component crops in an intercropping system may act as a
buffer or barrier against the spread of insect pests and pathogens (Seran and Brintha, 2010).
Intercropping with legumes has been rated by farmers in coastal Kenya as one of the most
effective and most commonly used method for improving soil fertility (Mureithi et al., 1996).
There is need to enhance productivity of maize-cowpea based cropping system in coastal
Kenya region, which is characterized by persistent crop failures due to low soil moisture
availability and low soil fertility. Improving the region’s maize-cowpea intercropping system
by utilizing the existing resources may be the best option for improving land productivity and
food security in the coastal region of Kenya. The strategy of intercropping high yielding,
drought tolerant and insect resistant cowpea and maize varieties in coastal lowland Kenya
will enhance efficient use of soil moisture leading to increased productivity. The main
elements studied were screening of local landraces of cowpea for drought tolerance and
resistance to insect pest infestation; intercropping of selected maize and cowpea varieties;
moisture retention enhancement by integrating cowpea crop residue, farmyard manure and

inorganic fertilizer are in maize-cowpea intercropping systems.
1.4 Objectives
1.4.1 Main objective

To enhance the performance of the maize-cowpea based cropping system in coastal lowland

Kenya through stress resilient varieties and soil moisture conservation practices.
1.4.2 Specific objectives

1. To identify cowpea varieties preferred by coastal farmers through participatory

variety selection



2. To determine the influence of drought stress on canopy temperature, growth and yield

of local and improved cowpea varieties in coastal lowland Kenya.

3. To establish the effect of variety and insecticide application on pest damage, growth

and yield of local and improved cowpea varieties in coastal lowland Kenya.

4. To assess the effect of intercropping maize and cowpea on soil moisture content,
canopy temperature, growth and yield of the component crops in coastal lowland

Kenya.

5. To evaluate the effect of cowpea crop residue management on soil moisture content,
canopy temperature, growth and yield of intercropped maize and cowpea in coastal

lowland Kenya.

6. To determine the effect of different farmyard manure levels on soil moisture content,
canopy temperature, growth and yield of intercropped maize and cowpea in coastal

lowland Kenya.

7. To establish the effect of varying N-fertilizer application levels on soil moisture
content, canopy temperature, growth and yield of intercropped maize and cowpea in

coastal lowland Kenya.
1.5 Hypotheses
1. There are some cowpea varieties which are preferred by farmers in coastal Kenya.
2. Existing cowpea varieties in coastal Kenya are tolerant to drought stress.
3. Existing cowpea varieties in coastal Kenya are resistant to insect-pest infestation.

4. Intercropping increases soil moisture content, canopy temperature, growth and yield

performance of maize and cowpea component crops.



5.

Integration of cowpea crop residue in maize-cowpea intercropping systems increases
soil moisture content, canopy temperature, growth and yield performance of

intercropped maize and cowpea.

Application of farmyard manure improves moisture retention, canopy temperature,

growth and yield performance of maize-cowpea intercrops

Application of N-fertilizer increases soil moisture retention, canopy temperature,

growth and yield performance of maize-cowpea intercrops.



CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

The challenge of identifying management options that would maximize productivity of
compatible crops in traditional systems is the major concern of agricultural production in the
tropics (Connor et al., 2011). Semi-arid tropics are characterized by limited land use options,
poor crop management practices and poverty (Swift, 1996). In most of these areas the natural
resource base (soil and ground water) is becoming depleted through compaction, erosion,
salinization, net nutrient export, and diminishing water supply (Cassman, 1999). The arid and
semi-arid lands (ASALs) make up 80% of Kenya’s land area (Huho et al., 2009). In the
coastal region of Kenya only the 10 mile coastal strip is in coastal lowland zone three (CL 3
coconut cassava zone) (Jaetzold et al., 2012), while the rest of the region is semi-arid land,
characterized by low moisture availability as a result of insufficient and erratic rainfall
(Wekesa et al., 2003). Most of the soils are sandy, highly drained and are low in organic
matter. Water infiltrates easily and passes rapidly through the rooting zone. Thus crops grown
on them tend to suffer from drought (Waaijenberg, 1994). In the coastal region of Kenya four
factors which greatly influence crop vyields are low soil moisture availability, low soil

fertility, weed competition and insect pest-infestation.
2.2 Low soil moisture

Climate change, as a result of global warming, is considered to be ongoing (Seinfeld and
Pandis, 2012), and this is expected to result in a long-term trend towards higher temperatures,
greater evapotranspiration, and increased incidence of drought. These trends, coupled with an
expansion of cropping into marginal areas, are generating increasingly drought—prone maize
production environments (Eakin and Wehbe, 2009). Drought is a widespread phenomenon

across large areas of sub-Saharan Africa, with an estimated 22% of mid-altitude/subtropical,



and 25% of lowland tropical maize growing regions affected annually by inadequate water
supply during the growing season (Heisey and Edmeades, 1999). Water is one of the major
physical constraints to crop production in semi-arid areas, hence there is need to use it
efficiently (Passioura, 2006). Moisture stress affects crop plants at all growth stages, but its
effect on maize grain yield is less severe when it occurs at vegetative stages than when it
occurs at the tasselling and silking stages. Drought stress occurring at grain filling can reduce
the final size and weight of maize kernels (Castiglioni et al., 2008). However, as the kernels
mature the stress-induced yield reduction declines (Guoth et al., 2008). The grain yield
potential of dry land maize is closely related to the annual precipitation (Rockstrom et al.,
2010). Drought stress is a major climatic factor limiting the production of maize in the tropics
(Ortiz et al., 2008). Globally, average maize grain yields are estimated to be 2.0 — 3.0 t ha™ in
moisture stress environments and 4.0 — 6.0 t ha’ under favorable moisture conditions

(Bouman et al., 2007).

Agronomic interventions that aim at maximizing water availability at key growth stages are
important (Qadir and Drechse, 2011). According to Richards (1985), farmers in semi-arid
lands respond to ecological, environmental and socio-economic changes by flexible and
dynamic management strategies. The need for more water-efficient crop management
practices may be one of the strongest incentives for adopting a cropping system in ASAL
areas (Mertz et al., 2009). Increasing soil water storage and reducing losses from evaporation
by using surface mulches and by planting shelter belts is critical in improving the water use
efficiency of a cropping system (Triplett and Dick, 2008). In a situation of reducing rainfall,
studies on efficiency of water use (WU) by component intercropping systems are important
(Chirwa et al., 2007). The actual water use and microclimate of intercropping systems have
apparently received less attention than their agronomic manipulation (Connor et al., 2011).

The mean annual rainfall along the Kenyan coast ranges from 500-900 mm at the North



Coast to 1000-1500 mm in the wetter areas south of Mombasa (UNEP, 1998). Rainfall occurs
during two distinct periods; the long rains between March and May and short rains usually
between October and December (Mutai and Ward, 2000). The efficient use of the limited soil
moisture in the region is therefore a crucial factor for future increases in crop production,
which should come primarily from increased grain yield per unit area of land (Rosenzweig
and Tubiello, 2007). Identification and incorporation of drought tolerant maize and cowpea
varieties into the intercropping systems will enhance productivity of the cropping systems in

the coastal lowland region.
2.3 Low soil fertility

Declining soil fertility and high fertilizer costs are major limitations to crop production in
smallholder farms in Kenya (Vanlauwe et al., 2007). Among the major nutrients, nitrogen,
(N) is the most limiting and rarely do soils in the tropics have enough of this nutrient to
produce high and sustainable yields (Muthuri et al., 2014). The lack of adequate amounts of
nitrogen in most soils of coastal Kenya limits the farmers’ goals of increasing yield per unit
area. Rebuilding soil fertility in traditional agricultural systems has in the past been achieved
throlugh long-duration fallow periods (Foley, 2009). However, with increased human

population and land pressure, long fallow periods are no longer feasible (Alika et al., 2005).

The quantity of nitrogen needed for agriculture is projected to continue increasing up to the
year 2030 (Popp et al., 2010) and this would lead to greater environmental degradation.
Reduced dependence on fertilizer nitrogen and adoption of farming practices that favour the
more economically viable and environmentally prudent nitrogen fixation will benefit both
agriculture and the environment (Singh et al., 2013). There are several options which are
available to manage nitrogen in farmers’ fields. Chemical fertilizers are often considered to

be an immediate answer to current nutrient deficiencies in soils (Otieno et al., 2009).



Unfortunately, commercial nitrogen fertilizers are expensive and out of reach of most
smallholder farmers. As a result, cheaper sources of nitrogen need to be sought if yields are to
be sustained and food security attained. Nitrogen requirement of legumes can be met by both
mineral N assimilation and symbiotic N,-fixation (Gan et al., 2008). On-farm nutrient
sources such as crop residues, compost manures, and household wastes, have commonly been
used by farmers in the management of soil fertility (Tittonelli et al., 2005). Low soil
productivity limits food production in the farms such that the genetic potentials of various
crop varieties grown in the country have not been fully realized. The nutrient status at coastal
region can be classified as N and S deficient (KARI, 1994). The poor, exhausted soils are the
main problem in the coastal region. Low maize yields are achieved even after application of
N and P fertilizers because micronutrients are lacking hence other modern measures of

recycling nutrients are necessary (Jaetzold et al., 2012).
2.4 Pest infestation

Cowpea is an important grain legume in many parts of the world (Takim and Uddin, 2010),
and is regarded as an integral part of traditional cropping systems throughout Africa
(Isubikalu et al., 2000). It has the potential to increase incomes of both farmers and traders
(Owolade et al., 2004). However, the crop is attacked by a spectrum of pest species
(Isubikalu et al., 2000). It is thus considered too risky an investment by many growers
because of the numerous pest problems associated with it (Remison, 1997). The major pests
of cowpea in the humid tropics are weeds (Ayeni, 1992) and insects (Jackai and Adalla,
1997). Weeds and insects often coexist and reduce crop yields in agricultural systems. In
addition to the individual effects that insects and weeds have on crops, these two types of
pests and their management practices can interact and impact on crop production (Takim and
uUddin, 2010). The hot-humid climate of the coastal region favours rapid growth of weeds
such as Cyperus rotundus (Saha, 2007) and insects such as pod borer (Wekesa et al., 2003).
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2.4.1 Weed infestation

Weeds constitute a major limiting factor to cowpea production (Okafor and Adegbite, 1991).
Weeds reduce yields by about 12% annually in the United States of America (Pimentel,
1991). Tijani-Eniola (2001) reported that weed could cause yield losses ranging from 50 to
80% in Nigeria. Crop losses by weeds could be aggravated by delay in weeding or inability to
weed throughout the entire crop growth period (Takim and Uddin, 2010). However, studies
of threshold levels of weeds have shown that complete weed elimination is not essential for
high yield (Sangakkara, 1999), probably because the crop also competes strongly with weeds.
In addition, to their repressive effects owing to competition, weeds also act as reservoirs or
alternate hosts for insects, diseases and nematodes (Jackai and Adalla, 1997). Weeds reduce

crop yields and quality by competing for nutrients and water.

Weeds may decrease the value and productivity of land, reduce harvesting and processing
efficiency, increase cost and labor for control measures, and restrict flow of water to
reservoirs, canals, and ditches (Takim and Uddin, 2010). The soil weed seed reservoir is the
major source of weed infestation in most tilled agricultural soils (Altieri and Liebman, 1988).
The number, types and distribution of weed seeds in the reservoir are determined by the
field’s location and cropping history, edaphic characteristics such as moisture holding
capacity, past weed control practices (Janiya and Mood, 1989) tillage, land preparation
methods and weed seed dormancy (Zimdahl et al., 1988). The hot-humid climate of the
coastal region favours rapid weed growth (Saha, 2007). The most harmful weed competition
occurs during the first three to six weeks after sowing (Gacheru et al., 1993). To reduce this
competition, farmers in the region carry out several weeding operations during each cropping
season (Mureithi et al., 1996). According to Saha (2007), a farmer might be required to weed

at least three times in a single maize crop in a wet year.
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The smallholder farmers in the coastal region of Kenya do not use planted fallows between
cropping seasons; neither do they maintain their farms weed-free (Saha, 2007). Weeds
therefore grow in abundance and produce a lot of seeds during this period, thus increasing the
seed load on the soil surface (Mureithi et al., 1996). The weed seeds get mixed with soil
during land preparation for the following season. Weed seeds germinate and the new weeds
grow very fast after the rains start (Gacheru et al., 1993). If a farmer is not quick enough,
planting of food crops is done when weed seedlings have already emerged and this leads to
early crop-weed competition (Saha, 2007). The farmer is, therefore, forced to start weeding
as soon as the crops emerge. Labor for weeding is usually provided by the family members,
mostly women (Mureithi et al., 1996). Hand weeding is so slow an operation that maize in
one part of a field may be destroyed by weeds while the farmer is trying to complete weeding
in another portion (Gacheru et al., 1993). The result of this differential weed control is a
reduction in the average crop yield. Crop losses by weeds could be aggravated by delay in
weeding or inability to weed throughout the entire crop growth period (Takim and Uddin,
2010). Farmers in this region have also used cowpea for smothering problematic weeds such

as nut grass (Obong'o et al., 1993; Saha et al., 1993).
2.4.2 Insect pest infestation

Insect pest damage cowpea from seedling emergence to storage (Karungi et al., 2000) and
accounts for a 13% annual reduction in yields in United States agricultural systems (Pimentel,
1991). Losses from insects include defoliation of leaf tissue, removal of fluid from phloem
and xylem systems, mining of parenchyma tissue, formation of galls, or blemishing the
harvested fruit or vegetable (Schoonhoven et al., 1998). Insect pests’ attacks often lead to
total cowpea grain yield loss (Singh and Allen, 1980), such that the crop yield cannot exceed
400 kg per hectare without the application of insecticides. The poor yield of cowpea is partly
attributed to a series of insect pests and diseases, the most devastating being Maruca vitrata
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(Spotted pod borer) which attacks the flowers and bores through the pods (van Cotthem,
2007). Other insects include Helicoverpa armigera (Gram pod borer) and Melanogromyza

spp (leaf miner fly) which cause grain yield losses of up to 60 % (Amatobi, 1994).

Cowpeas are susceptible to infestation by Bruchidae especially those belonging to the genus
Callosobruchus (ldoko and Adesina, 2012). Another bruchid, Bruchidius atrolineatus (Pic),
damages cowpea seeds in the field and to a limited extent in storage (Kabeh and Lale, 2008).
All the species belonging to the genus Callosobruchus are oligophagus pests attacking a
number of grain legumes in the family Leguminosae (Haines, 1991). However, C. maculates
is the most dominant species in storage (Jackai and Daoust, 1986). Because these pests
commence infestation in the field, it is possible to mitigate infestation by embarking on pre-
harvest interventions aimed at reducing the level of initial infestation (Kabeh and Lale, 2008).
The integration of host plant resistance and intercropping has been found to be very effective

in reducing field infestation (Lale and Sastawa, 2000).

Generally, cowpea farmers do not spray their crops with insecticides. Insect control is left to
chance and providence. This attitude promotes control through natural enemies (Kamara et
al., 2007). Despite the high potential for cowpea production in many areas, insect pests are a
serious constraint. In Kenya, seed yield losses due to insect pests were first reported to be
between 26 and 63% and were attributed mainly to the pod borer (Amatobi, 1994). Synthetic
pesticides recommended for use in cowpea can effectively control M. vitrata in the field, yet
farmers do not spray their cowpea with pesticides. Apart from the environmental and health
concerns, there are also socio-economic implications that make the use of chemical pesticides
problematic. Among these are the low level of farmers’ education, lack of capital, high prices
of pesticides, lack of input market and low access to recommended pesticides (van Cotthem,
2007). According to Takim and Uddin (2010), in addition to the individual effects that insects
and weeds have on crops, these two types of pests and their management practices can
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interact and impact on crop production. Weeds reduce crop yields and quality by competing
for nutrients and water. They may also decrease the value and productivity of land, reduce
harvesting and processing efficiency, increase cost and labor for control measures, and
restrict flow of water to reservoirs, canals and ditches (Smith and Hill, 1990). Therefore,
future goals in multiple cropping researches should include increasing the infrastructural
support to farmers and, in particular, providing insect pest forecasts which can allow more
flexibility in cropping designs, and also creating better adapted, insect pest and disease

resistant crop varieties (Perrin, 1977).
2.5 Intercropping

Intercropping, a multiple cropping system, has been practiced traditionally by small-scale
farmers in the tropics. In particular, cereal and legume intercropping is recognized as a
common cropping system throughout tropical developing countries (Ofori and Stern, 1987).
Typically, cereal crops such as maize (Zea mays L.), millet (Pennisetum glaucum L.) and
sorghum (Sorghum bicolor L.) are dominant crop/plant species whereas legume crops such as
beans (Phaseolus vulgaris L.), cowpea (Vigna unguiculata L.), groundnut (Arachis hypogaea
L.), pigeonpea (Cajanus cajan L.) and soybean (Glycine max L.) are the associated plant
species. Intercropping systems have been reported to be more productive than sole crops
grown on the same land (Kiari et al., 2011). Farmers in coastal lowland Kenya are aware of
the declining fertility and have used cereal-legume cropping systems to improve soil fertility
over time. In a previous, study it was observed that a cereal crop following a legume
performed better than that grown on land that had no legume (Mureithi et al., 1996). This
observation was in agreement with results from the Fertilizer Use Recommendation Project
(FURP) carried out in Kilifi, Kwale and Lamu counties of the Coastal region of Kenya. These
results showed that maize yields in unfertilized plots were 600 kg ha™ higher per year in a
maize-cowpea relay cropping sequence than in a cropping sequence without cowpea (FURP,
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1994). Intercropping and relay cropping with legumes have been rated by farmers in the
coastal region as among the most effective and most commonly used methods of improving
soil fertility (Mureithi et al., 1996). Legumes have been demonstrated to have great potential
for improving soil fertility at relatively low cost compared to inorganic fertilizers (Hudgens,

1996).
2.5.1. Effect of intercropping on pest infestation

A cropping system that reduces initial weed infestation is likely to allow for a reduction in the
number of weeding operations in a maize crop (Gacheru et al., 1993). Intercropping
combined with competitive maize cultivars can reduce weed infestation (Gomez et al., 2007).
Adoption of such a cropping system will allow farmers have free time early in the season.
The cropping system would therefore improve the use of human labor resource and also
preserve soil structure because of the reduced soil disturbance (Mureithi et al., 1996). The
farmer may, therefore, save a few man-hours of labour (Gacheru et al., 1993). It is generally
believed that one component crop in an intercropping system may act as a buffer or a barrier
against the spread of pests and pathogens (Oso and Falade, 2010). Raheja (1973) reported
that the damage by sorghum ear fly (Calocoris angustatus) in sorghum—pigeon pea intercrop
was considerably less than that in sole sorghum. However, such interactions are not always
beneficial. Bhatnagar and Davies (1981) found that in sorghum-pigeon pea intercrop, pod
damage to the pigeon pea component by pod borer (Helicoverpa armigera) was more than in

sole cropped pigeon pea.
2.5.2. Effect of intercropping on resource use

In intercropping systems, two or more crops grow simultaneously on the same field such that
the period of overlap is long enough to include the vegetative stage (Gomes and Gomez,

1983). In many parts of Africa, the most successful intercropping systems are mixtures of
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species that are both temporally and spatially diverse (Francis, 1994). These systems are quite
useful in agriculture since they can enhance soil fertility, out-compete weeds, and provide a
varied supply of food and income to the farm family (Beets, 1990). The use of crops that are
adapted to intercropping stress and optimum planting dates, crop densities, and spatial
organization can contribute to yield increases. Intercropping systems make better use of
available resources because the different crop species occupy slightly different niches

(Willey, 1979; Dusa and Stan, 2013).

According to Francis (1994) a careful consideration of resource use by crop mixtures can
help in understanding how to manage their components and design new and more
environmentally sound systems. Such an evaluation would also help in designing more
efficient resource use intercropping systems (Dusa and Stan, 2013). Intercropping systems
have, for long, been discounted as backward and detrimental to real progress in agriculture
(Francis, 1994). However, these systems gained more recognition (Rao and Mathuva, 2000)
as potential contributors to substantial and sustainable increases in future food production
(Tsubo et al., 2003). Crop mixtures are known to exploit a wider range of soil strata than do
monocultures that have relatively uniform root structure and rooting habit/depth (Francis,
1994). The crops in a mixture may also have different nutrient requirements over time, and
thus complement each other in the uptake and use of soil nutrients. Grain leguminous -cereal
mixed intercrops are better at exploiting natural resources than the sole crops of different
plant species (Hauggaard-Nielsen et al., 2006). This is because grain leguminous plants can
cover their nitrogen demand from atmospheric N, fixation and therefore in intercropping with
cereals compete less for soil mineral N (Dusa and Stan, 2013). According to Eskandari
(2012) intercropping increases soil moisture content, canopy temperature and maize

chlorophyll content but reduced these parameters in cowpea. Maximizing advantages of
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intercropping is therefore a matter of maximizing the degree of complementarities between

the components and minimizing inter-species competition (Willey, 1979).

Adoption of an intercropping system is a primary and direct way of increasing diversity of an
agro-ecosystem that allows interaction between the individuals of the different crops and
varieties (Yancey, 1994). It can add temporal diversity through the sequential planting of
different crops during the same season (Mohammed, 2012). Several methods have been used
to assess the benefit of intercropping depending on the need. However, one of the most
important tools for evaluating an intercropping system is the land equivalent ratio (LER).
Providing that all other things are equal, LER is a measure of the yield advantage obtained by
growing two or more crops or varieties as an intercrop compared to growing the same crops
or varieties as a collection of separate monocultures (Yancey, 1994). Land equivalent ratio
thus allows going beyond a description of the pattern of diversity into an analysis of the
advantages of intercropping (Kurata, 1986). It measures the levels of intercrop interference
going on in a cropping system. Theoretically, if the agro- ecological characteristics of each
crop in a mixture are exactly the same the total LER should be 1.0 and the partial LERs
should be 0.5 for each. However, Kutrata, (1986) stated that a LER value of 1.0 indicates no
difference in yield between the intercrop and the collections of monocultures and any value
greater than 1.0 indicates advantage for intercrop. In contrast LER of less than 1.0 indicates
an advantage for intercropping. Land equivalent ratio of 1.2, for example, indicates that the
area planted to monoculture would need to be 20% greater than the area planted to intercrop

for the two to produce the combined yield (Mohamed et al., 2011).
2.6 Effects of variety and spray application on growth and yield of cowpea

Generally, small holder farmers growing cowpea in coastal lowland region leave cowpea

protection to chance or nature leading to low grain yield (Karungi et al., 2000). Insect pests
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are considered to be largely responsible for this as their attack can result in up to 90 - 100%
yield reduction (Jackai and Daoust, 1986). The low cowpea yield obtained from such
farmers’ fields suggests that natural control by itself cannot afford enough protection as to
enhance profitable commercial production (Jackai and Singh, 1983). The use of varieties that
are resistant to attack by insect pests is one of the most promising alternative control
measures since it is economically and environmentally safe (Tamo et al., 1997). However,
despite concerted efforts by many institutions over the last two decades to develop varieties
with resistance to the cowpea insect pest complex, resistant varieties are still unavailable to
farmers. Chemical control using synthetic insecticides therefore remains the most popular
control tactic especially when these pests have exceeded the economic injury level (Jackai et
al., 2001). Dzemo et al., (2010) reported that insect pest control insecticide spray led to
increased number of cowpea pods per plant, pod weight, number of seeds per pod, seed
weight, and grain yield. However, excessive use of chemical insecticides is hazardous to
humans and the environment, and often leads to the elimination of ecologically beneficial
insects as well as the development of resistance by insect pests (Ekesi, 1999). Furthermore,
chemical insecticides are not affordable to a majority of small holder farmers (Bottenberg,

1995).
2.7 Effects of crop residue mulch on soil characteristics and crop performance

Arable farming with the retention of crop residues as mulch has made a significant advent in
the USA, comprising more than 35% of the cropped land since the mid 1990s (CTIC, 2000).
This system is revolutionary since over the centuries agriculture has traditionally emphasized
the opposite, i.e. the need for a clean seedbed without crop residues. Many farmers in
developing countries still rely on pre-plant burning of vegetative debris for seed bed
preparation just like farmers in developed countries in the past (Erenstein, 2002). The
reliance on organic residues from the previous crop distinguishes crop residue mulch (CRM)
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from other forms of mulching (Erenstein, 1999). It is strategically located at the soil-
atmosphere interface, whereby it affects: (i) soil conservation; (ii) soil ecology; (iii) and crop

yields.

Crop residue mulch effectively halts soil erosion by providing a protective layer to the soil
surface (Kinama et al., 2007), increasing resistance against overland flow and enhancing soil
surface aggregate stability and permeability through its combined physical and biological
effects (van Donk et al., 2010). The resulting reduction in soil erosion is impressive and has
been repeatedly observed both in temperate and tropical environments (Moldenhauer et al.,
1994). Erosion declines asymptotically to zero as soil cover increases. A near complete soil
cover can conceivably almost eliminate soil erosion (Lal et al., 1990; Moldenhauer et al.,

1994).

The presence of crop residue mulch at the soil-atmosphere interface alters the entire soil
ecology (Carsky et al., 1998). Crop residue mulch has a profound water conservation effect:
the very process that conserves the soil also implies more infiltration of rain water and less
runoff and more water retention in the soil profile (Moldenhauer et al., 1994; van Donk et al.,
2010). The presence of the mulch also reduces soil temperature oscillations and reduces
evaporation losses (Erenstein, 2002; Kinama et al., 2005). Crop residue mulch has profound
effect on soil fertility. Tropical soils typically have a low inherent fertility, where plant
available nutrients and organic matter are concentrated in the top soil. The conservation effect
of mulch helps maintain this in situ, whereas the mulch itself typically adds organic matter to
the low stock of soil organic carbon a key component for sustainable and productive use of
soils (Pieri, 1989). Crop residue mulch favours the activity of soil biota by providing a

readily available food source and creating a more favourable soil habitat (Carsky et al.,
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1998). In turn, the activity of soil biota contributes to improved soil physical and chemical

properties.

The growth of plants is primarily a function of: (i) defining conditions (carbon dioxide;
radiation; temperature; crop attributes); (ii) limiting conditions (water and nutrients); (iii) and
reducing conditions (weeds, pests, diseases and pollutants) (Rabbinge and van Ittersum,
1994). By changing the soil ecology, CRM affects a number of these biophysical conditions
(Unger, 1990). The marginal yield effect will depend on the extent these changes influence
the constraint(s) for crop growth. This makes the yield effect of CRM crop-specific (Howeler
et al., 1993), site-specific and somewhat difficult to disentangle in view of the numerous
interactions (Lal et al., 1990). The organic matter contributed by CRM can have different
short-term yield implications typically hinging on the quality of the organic matter as
reflected by the C: N ratio. Crop residue mulch also affects the incidence of crop weeds, pests
and diseases. However, the yield effect is uncertain as many weeds, pests and diseases
respond uniquely to the CRM-induced alterations in the crop-soil ecosystem (Erenstein,
2002). Mulch also shields the soil surface against solar radiation, thereby buffering soil
temperature fluctuations. This may lead to soil temperature stress in the warmer
environments while at the same time slowing the necessary warming up of the soil in cooler
environments (Lal et al., 1990). According to Turmel et al., (2015) reduction in soil moisture
under mulching was attributed to reduction in soil temperature as a result of reduced moisture
loss in the soil profile through evaporation. According to Shafi et al., (2010) improvement in
soil organic matter due to incorporation of crop residues into the soil was 11.05%.
Incorporation of residues in soil enhanced the grain yield by 8.93% when compared with the
treatment of residues removal (Shafi et al., 2007). Kouyate et al., (2000) also reported
increases in cereal grain and stover yields by 37 and 49% respectively, when crop residues

were incorporated compared with control treatment (no residues incorporation).

20



2.8 Effects of farmyard manure and inorganic N-fertillizer on crop growth and yield

According to Mehdizaheh et al., (2013) the need to adopt eco-friendly agricultural practices
for sustainable food production is of interest globally. Due to the high poverty rate among the
rural population, agricultural input subsidies apart from being an instrument of promoting
agricultural growth can also be seen as a social protection instrument of ensuring access to
inputs, and access and availability of food to vulnerable groups (Dorward et al. 2006). The
cost of inorganic fertilizers is increasing enormously to an extent that they are out of reach for
resource poor farmers. Farmyard manure application has been a noble and traditional practice
of maintaining soil health and fertility. The use of organic fertilizers such as farmyard
manure, results in higher growth, yield and quality of crops (Mehdizadeh et al., 2013).
Farmyard manure (FYM) enhances soil organic matter, humus content, soil water holding
capacity, infiltration rate, aeration, porosity, moisture conservation, cation exchange capacity,
and water stable aggregates, while decreasing bulk density (Benbi et al., 1998). It contains
macro-nutrients, essential micro nutrients, many vitamins, growth promoting factors like
indole acetic acid (IAA), giberelic acid (GA) and beneficial microorganisms (Sreenivasa, et
al, 2010). It has been proved to improve crop growth by improving the soil’s physical,
chemical and biological properties (Mehmood et al., 1997). It is also has an advantage over
other organic manures like green manure in terms of having a shorter breakdown period for
decomposition (Chupora, 1995). Organic manures can improve soil — water - plant relations
through modifying bulk density, total porosity, soil water relation and, consequently,
increasing plant growth and water use efficiency (Obi and Ebo, 1995). Nileemas and
Sreenivasa, (2011) stated that application of liquid organic manure promotes biological
activity in soil and enhances nutrients availability. Awad et al., (2002) stated that organic
manure contains high levels of relatively available nutrients elements, which are essentially

required for plant growth. Sustainability in agro-ecosystems involves environmentally-
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friendly techniques based on biological and non-chemical methods (Bonato and Ridray,
2007). Agricultural production is confronted with the challenges of identifying management
options that will maximize productivity of compatible crops in a traditional cropping system
(Gobeze et al., 2005). Farmers in Kenya have for long recognized the role of intercropping
not only as an insurance against crop failure but also as a convenient strategy for meeting
dietary needs. They have incorporated intercropping into the traditional system (Gachene and
Makau, 2000). Legume crops have been considered suitable for use in intercropping systems
with other crops because they can improve soil fertility through root nitrogen fixation and

crop residues (Wanjekeche et al., 2000).

Quality of soil N is a major factor limiting plant production in many agricultural systems and
may be improved through the use of legumes and inorganic fertilizer N (Omokanye et al.,
2014). Inorganic sources of nitrogen are very expensive and their losses are more as
compared to organic sources (Stewart et al., 2005). Usually the crop uses 30 to 50% of
inorganic nitrogen fertilizer applied, the rest is lost by volatilization, denitrification or
leaching as nitrate to the ground water (Stewart et al., 2005). When nitrogen fertilizer is
added to the field, intercropped legumes use the inorganic nitrogen instead of fixing nitrogen
from the air and thus compete with maize for nitrogen (Rehman et al., 2010). However, when
nitrogen fertilizer is not applied intercropped legume will fix most of their nitrogen from the
atmosphere and not compete with maize for nitrogen resources (Adu-Gyamfi et al., 2007).
Among the plant nutrients, nitrogen deficiency is one of the major limiting factors for cereals
(Shah et al., 2003), hence fertilizer nitrogen application is an essential input for crop
productivity in most areas of the world (Amanullah et al., 2009). According to Elbashier et

al., (2012) N-fertilizer application reduced canopy temperature of wheat plants.
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CHAPTER THREE: PARTICIPATORY COWPEA VARIETAL SELECTION IN

KILIFI COUNTY OF KENYA
3.1 Abstract

Many released crop varieties in Kenya are often not adopted by farmers because of limited
farmer participation in the breeding process. This study was carried out to identify farmer
preferred cowpea varieties in coastal lowland Kenya. Four improved (K80, KVU 27-1, KVU
— 419 and M66) and seven local cowpea (Khaki, Macho, Kaima koko, Nyeupe, Nyekundu,
Kutambaa and Mwandato) varieties were evaluated on-farm in randomized complete blocks.
Thirty nine farmers (30 female and 9 male) from three farmer groups in Kilifi participated in
the establishment and evaluation of cowpea varieties using their own selection criteria. The
varieties were evaluated at flowering, podding, maturity and post harvest stages. Farmers’
cowpea selection criteria before flowering and at podding were high grain yield, drought
tolerance, early maturity, ease of harvesting and leafiness. Kutambaa, KVU 27-1 and Nyeupe
were rated top varieties at these stages. Farmers’ selection criteria at maturity and after
harvest included grain yield, color, taste and cooking duration. KVU 419, Kaima koko and
Nyeupe were rated top varieties at these stages. Grain yield varied from 3.3 t ha™ (KVU 419)
to 0.48 t ha™! (Kaima koko). The results of this study have demonstrated that plant breeders
integrate color, taste and cooking time as key traits in cowpea improvement programmes.
Integration of KUV 419, Nyeupe, KVU 27-1 and Kutambaa cowpea varieties into the maize-

based system is likely to improve cowpea productivity in Kilifi County, Kenya.
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3.2 Introduction

Plant breeding and agricultural promotion programs continue to be patterned after those in
western industrialized countries, emphasizing the use of modern innovations that practice the
development of high yielding varieties that perform well in environments that are stabilized
through the use of irrigation, fertilizers, pesticides and other inputs (Nkongolo et al., 2008).
Perhaps the most significant realization at the beginning of the 21 century is the fact that the
areas in the developing world, characterized by traditional/subsistence agriculture, remain
poorly served by the top-down transfer-of-technology approach, due to its bias in favor of
modern scientific knowledge and its neglect of local participation and traditional knowledge
(Miguel, 2002). Single genotypes have been widely promoted, to be grown in pure stands
regardless of the system in which the crop is currently being grown or the availability of risk
reducing inputs (Nkongolo et al., 2008). This could be the reason why many promising crop
varieties coming out of national agricultural research institutes and universities are often not
taken up by farmers. For example, despite the availability of improved maize varieties
farmers still grow coastal maize landraces in coastal lowland Kenya (Ndiso et al., 2012).
According to Girma et al., (2005), the disconnect that has been there between the crop
varieties which have been released by plant breeders for a particular region and what the
farmers in that region grow raised two major challenges. First new varieties can be
disappointing to farmers in case undesirable traits go undetected during the breeding process.
Second, breeders discard many crosses and varieties during the selection process because of
traits considered undesirable. However, these traits may actually be of interest to farmers,

thus indicating the communication gap between breeders and farmers (Kamara et al., 1996).

The top-down transfer-of-technology approach as a strategy in promoting agricultural
programs has not produced the desired results of sustainable and increased crop yields. It has
also failed to make use of the significant agricultural biodiversity available and its potential to
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address food security concerns and issues in the region (Nkongolo et al., 2008). The most
effective way to ensure adoption of improved cultivars is involving farmers in the process of
development. Participatory varietal selection has shown success in identifying an increased
number of preferred varieties by farmers in a shorter time than the conventional system, in

accelerating their dissemination and increasing cultivar diversity (Weltzien et al., 2003).

Denevan (1995) reported that complex farming systems, adapted to the local conditions, have
helped small scale farmers to sustainably manage harsh environments and to meet their
subsistence needs, without depending on mechanization, chemical fertilizers, pesticides or
other technologies of modern agricultural science. According to Nkongolo et al., (2008) a
small farmer deals with a variable environment and has multiple production objectives that
will affect his or her choice of crops and selection of genotypes. Next to yield, which in
formal breeding programmes is by far the most important objective, yield stability, adaptation
to production techniques and conditions, and various consumption purposes are selected for.
This range of objectives often results in the use of a large number of varieties by individual
farmers and the use of genetically heterogeneous varieties. Farmers need adaptation to the
local and variable water and soil conditions in combination with a variety of characteristics
related to labour and food availability, intercropping and weed competition (Almekinders et
al., 1994). Consumption objectives include culinary and cultural preferences regarding taste,
color, consistence, size, cooking time, processing quality and suitability for preparation of
traditional dishes or drinks. Consumption criteria also include secondary uses, such as leaves
of sweet potato, cowpea and cassava as vegetable or animal feed (Almekinders et al., 1994).
Cowpea is the most important grain legume in coastal Kenya, mainly grown as an intercrop
with maize (Njunie et al., 2007; MoA, 2010). There are many cowpea Varieties with potential

for high yields, tolerance to drought and resistance to insects in the region but have not been
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evaluated by farmers. The current study was carried out to identify cowpea varieties most

preferred by coastal farmers and consumers through participatory variety selection.
3.3 Materials and Methods
3.3.1 Experimental site

The participatory varietal selection study was carried out on-farm at Majaoni in Tezo
location, Kilifi County which is 68 km north of Mombasa. It lies between latitudes 3° S and
4° S and longitudes 39° E and 40° E. The region receives an average annual rainfall of 600—
1100 mm that comes in two seasons (Sombroek et al., 1982). The long rains are received in
March/April through August while the short rains are received in October, November and
December. The long rains season is the most important cropping season and 75% of the
annual rainfall is usually received during this time (Saha, 2007). Mean monthly minimum
and maximum temperatures are about 22°C and 30°C, respectively, and the mean relative
humidity is 80% (Jaetzold et al., 2012). According to Sombroek et al., (1982) the soils in
coastal lowland Kenya are mostly ferralsols. These soils have low organic matter content, are
deficient in essential plant nutrients (especially nitrogen), are prone to leaching, and have a

pH ranging between 5 and 7 (Mureithi et al., 1995).
3.3.2 Experimental design, treatments and crop husbandry

Needs of farmers were assessed using the participatory rural appraisal technique to set goals
and identify farmer’s preferences and perceptions on ideotype cowpea cultivar (Adu-Dapaah
et al.,, 2007). Farmers who participated and evaluated the cowpea varieties were
representative of the area. The participant farmers were selected based on their indigenous
knowledge (Nkongolo et al., 2008) and from the most active farmer groups growing maize
and cowpea in the region. The farmer groups were identified through the County Director of

Agriculture’s office in Kilifi. Participants in the participatory varietal selection were drawn
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from Lamukani, Dziuzeni and Sife moyo farmer groups, all in Bahari Division, Kilifi County.
The farmer groups were briefed by the researcher on what was involved in varietal selection
exercise. Only farmers from each group who accepted to take part in the study were involved
in participatory variety selection. Traits preferred by farmers and consumers were identified
and prioritized for both men and women. Cowpea varieties were established and evaluated in
one of the farmer group’s field in Tezo location based on yield performance and farmers’
selection criteria, according to Adu-Dapaah et al., (2007). The test varieties included the most
popular local varieties and improved varieties which are recommended for the region.
Cowpea varieties were laid out in a randomized complete block design (RCBD) and

replicated three times.

The cowpea varieties evaluated were (plate 3.1 - 3.11): (i). KVU 419 (improved variety from
KALRO Katumani); (ii). Khaki (local variety); (iii). K80 (improved variety for the coastal
region); (iv). Macho (local variety); (v). Kaima-koko (local variety); (vi). Nyeupe (local
variety); (vii). KVU 27-1 (improved variety from Katumani); (viii). Nyekundu (local
variety); (ix). M 66 (improved variety from Katumani); (x). Kutambaa (local variety); and
(xi). Mwandato (local variety). Each variety was grown in a 5 m x 5 m plot size. The plant
spacing was 60 cm by 30 cm with two seeds per hill. Land was ploughed using a tractor and
the farmers participated in the leveling and planting. There were two weedings: three and
seven weeks after planting, respectively. Insect pests were controlled by spraying with a
pesticide (pestox ® 100 EC) two weeks after planting then fortnightly up to podding stage.
Pestox insecticide, whose active ingredient is cypermethrin, is a synthetic pyrethroid that
belongs to a group of insecticides used widely as industrial and agricultural pesticides

(Chibuike and Parker, 2010).

Thirteen (13) farmers (10 female and 3 male) from each farmer group participated in the
exercise. The farmers participated in land preparation, crop establishment, weeding, pest
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control and harvesting. Evaluation was done before flowering and at podding, maturity and
post-harvest stages. The female and male farmers and consumers were assisted to develop
selection criteria independently and then jointly. At every evaluation time all farmers were
given voting cards. Males were given red cards while the females were given green cards. All
the farmers were given a voting card to pick the variety which was best for a certain trait,
before choosing the second best and so on. After harvest, all the varieties were cooked in pots
before the organoleptic test. During cooking, the water boiled in the pot first before the
cowpeas were placed in. The time taken from when the cowpeas were put in the boiling water
to when they were ready for eating was recorded. Farmers and consumers were later allowed
to taste all the varieties and rank them in order of decreasing palatability. Cooked cowpea
samples were scored by semi-trained sensory panel using a modified version of quantitative
descriptive analysis (QDA) since standards were not provided (Tomlins et al., 2005). The
sensory panel, which consisted of ten (10) panelists, was conducted at one of the farmer’s
homes near the farmer group field where the evaluation was conducted (Tumlins et al.,
2007). The languages used during the sensory testing were Kiswahili (national language) and
Giriama (local language). The panelists had been screened for familiarity with the cowpea
dish and ability to determine differences between cowpea dishes from different cowpea

varieties. Sensory attributes evaluated were color and taste.
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Plate 3.5: Khaki cowpea variety Plate 3.6: K80 cowpea variety
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Plate 3.11: Nyekundu cowpea variety
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3.3.3 Data collection

Data were collected before flowering, at podding, maturity and post harvest stages. Before
flowering and at podding the farmers evaluated the varieties on the basis of grain yield (pod
load), drought tolerance (based on leaf senescence), time to maturity, and ease of harvesting
(plants with large pods were considered easy to harvest). At maturity and post harvest stages
the farmers evaluated the varieties based on grain color, grain yield (in terms of kg per plot),
taste (organoleptic test after cooking) and cooking time (time taken to cook in boiling water).
Each trait was scored on a scale of 1 to 5 (1 = very poor, 2 = poor, 3 = average, 4 = good and

5 = very good) for each variety (Girma et al., 2005).

3.3.4 Data analysis
Collected data were analyzed by the general linear model (GLM) procedure for analysis of

variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =
0.05.

3.4 Results
3.4.1 Farmers’ rating of cowpea varieties before flowering and at podding stages

The male farmers’ selection criteria in order of decreasing preference were early maturity,
high grain yield, drought tolerance, ease of harvesting and leafiness (Table 3.1). The female
farmers’ selection criteria in order of decreasing preference were high grain yield, drought
tolerance, pest and disease resistance, ease of harvesting and leafiness. Both men and women
ranked ease of harvesting and leafiness fourth and fifth, respectively. Early maturity was a
top priority for the men but it did not feature in the women’s criteria, while pest and disease
resistance featured in the women criteria as a priority but not in the men selection criteria.

Farmers’ collective selection criteria knocked out the female farmers’ criteria of pest and
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disease resistance and reorganized the male farmers’ criteria by considering the female
farmers’ priority criteria of high grain yield and drought tolerance. Most of the traits in the
farmers’ selection criteria, such as high grain yield, drought tolerance and early maturity,
were similar with the traits considered by plant breeders. The farmers’ selection criteria
differed with those of plant breeders in that the former included traits such as ease of

harvesting and leafiness (Table 3.1).

Table 3.1: Male and female farmers’ criteria for selecting cowpea varieties and the most
preferred traits

Criteria
Ranking Men Women Men and Women
1 Early maturity High grain yield High grain yield
2 High grain yield Drought tolerance Drought tolerance
3 Drought tolerance Pest and disease resistance  Early maturity
4 Ease of harvesting Ease of harvesting Ease of harvesting
5 Leafiness Leafiness Leafiness

In Table 3.2, male farmers rated M66 to be earliest maturing cowpea variety followed by
KVU 27-1 and Kutambaa. The female farmers rated K\VU 27-1 and Kutambaa the best for
that trait followed by Nyekundu. Kutambaa was rated the highest yielder by both male and

female farmers, but male farmers also ranked Kaima koko as the highest yielder.
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Table 3.2: Farmers’ rating of cowpea varieties before flowering and at podding stages

Cowpea variety  Early maturity High yield Drought Ease of Mean
tolerance harvesting score

Men  Women Men  Women Men  Women Men Women

KVU -419
Khaki

K80

Macho
Kaima- koko

N
ol
(&)
w

Nyeupe
KVU 27-1
Nyekundu
M 66

Kutambaa
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(65

Mwandato

3.6
3.5
3.9
4.6
3.4
3.0
2.3
3.9
3.8
1.9
3.6

*Qverall Scores: (1 —5) Scales; 1 = Very good, 2 = Good, 3 = Average, 4 = Below average and 5 =
Poor

The female farmers rated KVU 27-1 as drought tolerant while male farmers rated Kutambaa
as drought tolerant. Khaki variety was rated the best in terms of ease of harvesting by male
farmers while female farmers ranked Nyeupe as the best in this attribute. The mean scores in
Table 3.2 indicate that the best varieties were Kutambaa, KVU 27-1 and Nyeupe with mean

scores of 1.9, 2.3 and 3.0, respectively.
3.4.2 Farmers’ rating of cowpea varieties at maturity and post harvest stages

The variety selection criteria used by farmers at maturity and post harvest stages were grain

color, taste, grain yield and cooking time (Table 3.3).
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Table 3.3: Farmers’ rating of cowpea varieties at post harvest stage

Cowpea Colour  Grain Taste  Cooking Cooking Mean Actual
variety (score)  vyield (score)  duration  (score) score  grain yield
(score) (minutes (t/ha)
)
KVU - 419 2 1 5 39 2 2.5 3.30
Khaki 5 5 5 29 1 4.0 1.40
K80 5 5 5 40 3 4.5 0.90
Macho 3 2 1 63 5 2.8 2.66
Kaima- koko 5 5 3 55 5 4.5 0.48
Nyeupe 1 5 2 52 5 3.3 1.04
KVU 27-1 4 4 5 55 5 4.5 1.70
Nyekundu 5 5 2 57 5 4.3 1.68
M 66 5 3 5 47 4 4.3 1.80
Kutambaa 5 5 4 55 5 4.8 1.20
Mwandato 5 5 5 82 5 5.0 1.06

*Scores scales: (1 — 5); 1 = Very good, 2 = Good, 3 = Average, 4 = Below average and 5 = Poor;
cooking duration was the time the cowpea variety took to be ready for eating while cooking score was
the score based on the time taken to be ready for eating

Unlike most plant breeding programmes, farmers considered taste and cooking time as key
criteria in cowpea variety selection. Male and female farmers had the same scores for each of
the varieties evaluated. Farmers identified Nyeupe as having the best color, KVU 419 as the
highest grain yielder, Macho as tastiest and Khaki as the fastest cooking (Table 3.3). Across
the selection criteria, the most preferred cowpea varieties were KVU 419, Macho and Nyeupe

with mean scores of 2.5, 2.8 and 3.3, respectively.
3.4.3 Overall ranking of the cowpea varieties

Farmers’ overall evaluation before flowering, at podding, maturity and after harvest ranked
KVU 419, Nyeupe, KVU 27-1 and Kutambaa as the most preferred varieties with mean
scores of 3.1, 3.2, 3.4 and 3.4 respectively (Table 3.4). Improved varieties K80, M66 and

local varieties Nyekundu, and Kaima koko were ranked below average.

34



Table 3.4: Farmers’ overall rating of the cowpea varieties

Mean scores

Cowpea variety ™ Flowering and podding  Maturity and post Mean scores
stages harvest stages
KVU - 419 3.6 2.5 3.1
Khaki 3.5 4.0 3.8
K80 3.9 4.5 4.2
Macho 4.6 2.8 3.7
Kaima- koko 3.4 4.5 4.0
Nyeupe 3.0 3.3 3.2
KVU 27-1 2.3 4.5 3.4
Nyekundu 3.9 4.3 4.1
M 66 3.8 4.3 4.1
Kutambaa 1.9 4.8 34
Mwandato 3.6 5.0 4.3

*Scores scales: (1 —5): 1 = Very good, 2 = Good, 3 = Average, 4 = Below average and 5 = Poor;
Note: ranking dependent on the stage of evaluation

3.5 Discussion

From the study the farmers’ most preferred trait was grain yield. Similar observations were
made by Adu-Dapaah et al., (2004) and Truong et al., (2007) who reported that high grain
yield was ranked top because all the farmers who participated in the evaluation used cowpea
mostly for grain production. Women were also concerned about storage quality and this is
reflected in the fact that they considered resistance to diseases and insect pests as very
important criteria. This is because women have more knowledge of cooking, food processing,
preservation and storage (Nkongolo et al., 2008). Although most of the variety selection
criteria for men and women were similar, the slight variation is an indication that male and
female farmers have particular preferences for certain traits. They have different preferences
because they are related to the food chain in different ways, and often at different times and

places. Franworth and Jiggins (2003) argued that men and women play different roles and
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responsibilities within the household, in farming, and in society, yet the operational

implications are often obscured, by gender bias and ignorance on the part of plant breeders.

Farmers differed from researchers by considering grain color, ease of harvesting, taste and
cooking time as key variety selection criteria. According to Halleegoah et al., (2005),
farmer’s selection criteria are based on market needs. This shows the significance of
involving farmers and consumers in varietal selection to complement plant breeders’
selection processes; thereby enhancing adoption and diffusion of any recommended variety
(Adu-Dapaah et al., 2004). At podding stage the farmers selected the high yielding varieties
based on pod load. The number of pods per plant has been reported to be the main vyield

component with direct effects on cowpea grain yield (Almeida et al., 2014).

The low broad sense heritability for pod load implies that the trait is influenced by
environmental effects (Singh and Narayanan, 2000). The varieties which both male and
female farmers selected at podding stage were not the ones they selected at maturity and post
harvest stages. The overall rating identified four cowpea varieties namely KVVU 419, Nyeupe,
KVU 27-1 and Kutambaa based on the farmers’ most preferred traits of early maturity, pod
load, drought tolerance, ease of harvesting, grain color, grain yield, taste and cooking time.
From the findings of this study farmers may be inclined to integrate KVU 419, Nyeupe, KVU
27-1 and Kutambaa cowpea varieties in their maize-cowpea intercropping system because
they participated in the selection process. The recommended cowpea varieties in the region
K80 and M66 were rated below average and this could partly explain why many farmers have
not fully adopted these varieties. This study reinforces the suggestions of Adu-Dapaah et al.,
(2007) that farmer’s participation in varietal selection improves crop development and

adoption.
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3.6 Conclusion

The farmers’ most preferred cowpea traits were early maturity, pod load, drought tolerance,
ease of harvesting, grain color, grain yield, taste and cooking time. The four most preferred
cowpea varieties were KVU 419, Nyeupe, KVU 27-1 and Kutambaa. The farmers’ most
preferred cowpea traits differed with those of plant breeders in that farmers’ considered traits
such as colour, taste, cooking duration and ease of harvesting. Therefore, plant breeders

should consider these traits in their cowpea breeding programmes.
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CHAPTER FOUR: EFFECT OF DROUGHT STRESS ON CANOPY
TEMPERATURE, GROWTH AND YIELD PERFORMANCE OF COWPEA

VARIETIES
4.1 Abstract

Cowpea (Vigna unguiculata (L) Walp) is adapted to dry regions. However, many of its
cultivars are damaged by drought especially during reproductive development. Field trials
were conducted during the dry seasons of 2011 and 2012 at Pwani University to evaluate the
influence of drought stress on the growth and yield performance of cowpea. The experiments
were laid out in a randomized complete block design with a split plot arrangement of
treatments and replicated three times. Water stress level was assigned to the main plot while
the cowpea variety was assigned to the sub-plot. The treatments comprised three water stress
levels (no water stress, water stress at vegetative stage and water stress at flowering stage)
and 11 cowpea varieties: KVU 419, Khaki, K80, Macho, Kaima koko, Nyeupe, KVU 27-1,
Nyekundu, M66, Kutambaa and Mwandato. The data collected included: ground cover,
canopy temperature, chlorophyll content, leaf number, days to anthesis, shoot dry matter at
maturity, pods per plant, grains per pod, 100-grain weight and grain yield. Data collected
were subjected to analysis of variance using SAS statistical package and means compared
using the least significant difference (LSD) test, at p = 0.05. Water stress imposed at
vegetative growth stage and flowering reduced cowpea growth attributes (plant height, shoot
dry matter, and leaf number), ground cover and chlorophyll content, but increased canopy
temperature, time to anthesis, harvest index, grain yield and yield components (pod weight,
number of pods, grains per pod and grain weight) for most varieties.Water stress at vegetative
and flowering stages increased time to anthesis by 4 and 7 days, respectively. For most plant
attributes measured, the response to soil moisture stress was dependent on the cowpea
variety.
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4.2 Introduction

Cowpea (Vigna unguiculata (L) Walp) is an important food legume and multipurpose crop
(Sanginga et al., 2002). With its high protein content of 25 % (Quin, 1997), cowpea may be
regarded as a very nutritious food legume for many ethnic communities who use it in their
diets (Dadson et al., 2005). All the plant parts that are used for food are nutritious, providing
proteins, vitamins and minerals (Abebe et al., 2005). The crop is grown throughout the
tropical and subtropical areas of the world, where rainfall resources are characteristically low
(300 — 600 mm) and variable (Fussell et al., 1991). Generally, cowpea is better adapted to
drought, high temperatures and other biotic stresses than most other crops (Onuh and Donald,
2009). It grows well in a wide range of soil textures, from well drained heavy clays to sandy
soils, and grows best in slightly alkaline soils (pH 5.5 — 6.5). Cowpea naturally grows under
wide and extreme moisture conditions and, once established, it is fairly drought tolerant
(Gaiser and Graef, 2001). It is often grown under rain-fed agriculture in areas receiving at

least 600 mm annual rainfall.

Many cultivars of cowpea are, however, damaged by drought and high temperatures,
especially during reproductive development (Abdelshakoor and Faisal, 2010). According to
Ahmed et al., (1992), the combination of high temperature, drought and long hours of day
can slow down or inhibit floral bud development, resulting in few flowers being produced
and substantially reduced cowpea productivity. Abayomi and Abidoye (2009) reported that
cowpea yield reduction ranged from 63% to 98.4% under severe water stress, 42.6% to
65.8% under moderate water stress and 9.5% to 47.2% under mild water stress. Under water
deficit conditions, as is often the case in the semi-arid zones, the flowering period is cut short
and the seed matures earlier. Moreover, the formation of new floral nodes and flowers are

delayed and/or aborted, thus leading to low productivity (Turk and Hall, 1980). In addition,
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cowpea is also sensitive to drought at different stages of growth (Abdelshakoor and Faisal,

2010).

Cowpea response to drought stress varies with variety, economic portion of the crop, stage of
growth when stress is imposed and the duration of the stress. Earlier studies indicated that
cowpea could maintain seed yield when subjected to drought at vegetative stage, provided
subsequent conditions were conducive for flowering and pod set (Singh et al., 1997).
Akyeampong (1986) showed that the crop is highly sensitive to water deficits during
flowering and pod filling stages. It has been reported by Marino et al., (2007), that water
stress has a significant adverse effect on the growth and biological nitrogen fixation of
cowpea. Hsiao and Xu (2000) reported that a decrease in soil water potential can markedly

affect root hair and retard nodule growth and nitrogen fixation.

Stability in yields of agronomically acceptable cultivars is generally regarded as the ultimate
goal in cowpea improvement (Oghiakhe et al., 1995). One way to obtain this is to identify
genotypes with adequate levels of resistance to drought, heat and other stresses. There is need
for cowpea cultivars, which are more tolerant to water deficit or more efficient in water use
(Anyia and Herzog, 2004). However, progress in breeding cultivars for dry environments has
been slow (Hall et al., 1997). Cowpea possesses high yield plasticity under diverse
environments, and could alleviate the economic hardships of farmers in case of severe
drought and heat (Dadson et al., 2005). The objective of the study was to determine the
influence of drought stress on canopy temperature, growth and yield of cowpea varieties in

coastal lowland Kenya.
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4.3 Materials and Methods
4.3.1 Study site

The study was carried out on-station at Pwani University (PU) in coastal lowland (CL)
Kenya; located at 60 km north of Mombasa, between latitudes 3° S and 4° S and longitudes
39° E and 40° E. The region receives an average annual rainfall of 600—1100 mm that comes
in two seasons (Sombroek et al., 1982). The long rains are received in March/April through
August while the short rains are received in October, November and December. The long
rains season is the most important cropping season and 75% of the annual rainfall is usually
received during this time (Saha, 2007). Mean monthly minimum and maximum temperatures
are about 22°C and 30°C, respectively, and the mean relative humidity is 80% (Jaetzold and
Schmidt, 2012). According to Sombroek et al., (1982), the soils in coastal lowland Kenya are
mostly ferralsols. These soils have low organic matter content, are deficient in essential plant
nutrients (especially nitrogen) and prone to leaching, and have a pH ranging between 5 and 7
(Mureithi et al., 1995). The study was conducted during dry seasons of 2011 and 2012. The

soils were analysed for pH and macronutrients (Appendix 1).
4.3.2 Experimental design, treatments and crop husbandry

The experiment was laid out in a randomized complete block design (RCBD), with a split-
plot arrangement of treatments and replicated three times. The main plots consisted of the
water stress level while the sub plots consisted of the cowpea varieties. The water stress
levels were: well watered (maintained at field capacity), water stress at vegetative stage and
water stress at flowering stage. The sub-plots consisted of seven local and four improved
varieties: (i). KVU 419 (improved variety from KALRO Katumani); (ii). Khaki (local
variety); (iii). K80 (improved variety for the region); (iv). Macho (local variety); (v). Kaima-

koko (local variety); (vi). Nyeupe (local variety); (vii). KVU 27-1 (improved variety from
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KALRO Katumani); (viii). Nyekundu (local variety); (ix). M 66 (improved variety from
Katumani); (x). Kuhambala (local variety); and (xi). Mwandato (local variety). The plant
spacing was 60 cm x 30 cm with two seeds per hill, no fertilizer was applied. Weeding was
done twice; the first and second weedings were done on the second and fifth week after

planting respectively.

Water stress was imposed at vegetative and flowering stages. For the vegetative stage,
irrigation was stopped six weeks after planting the late maturing cowpea varieties (Nyeupe,
Kutambaa and Mwandato) and three weeks after planting the early maturing varieties (KVU
419, Khaki, K80, Macho, Kaima koko, KVU 27-1, Nyekundu and M66). Water stress was
imposed for two weeks. For water stress at flowering stage, the irrigation was stopped eight
weeks after planting the late maturing varieties and five weeks after planting the early
maturing varieties. The water stress was imposed for two weeks when flowering was 50 %.
The early maturing varieties were planted three weeks after planting the late maturing
varieties to synchronize flowering for the drought to be imposed at the same time (Ndiso et
al., 2012). Drip irrigation was applied after every 12 hours for three hours to ensure that soil

moisture was maintained at close to field capacity.
4.3.3 Data collection

The data collected included chlorophyll content, days to anthesis, grains per pod, number of
leaves, percent ground cover, canopy temperature, number of pods per plant, 100-grain
weight, pod weight, dry matter and grain yield. Chlorophyll content was measured using a
chlorophyll meter before flowering stage. A leaf was selected, put in the leaf chamber of a
chlorophyll meter (model SPAD 502 plus chlorophyll meter) and readings recorded on the
screen. Number of days to anthesis was calculated by counting the number of days from

planting to 50% flowering. The number of grains per pod was determined by counting the
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number of grains in each pod at harvest. Ten pods were sampled from each of the ten plants
sampled in each plot. Leaf number was determined by counting the number of leaves
fortnightly after emergence to flowering stage. Percent ground cover was measured in the net
plot (5.76 m?) at vegetative stage using the string and dot method as described by Sarrantonia
(1991). A string measuring 10 m length was marked with ink every 15 cm and stretched
across both diagonals of the plot. The number of marks lying over or under a living plant part

were counted and recorded. Percent ground cover was calculated as:

Number of marks over or under plant part
% Ground cover = : =100
Total number of marks across plot diagonals

Canopy temperature was taken in the middle part of the crop canopy using a canopy
temperature meter prior to flowering stage. The number of pods per plant was determined
from 10 plants in each plot at harvesting time. Weight of 100 grains was determined by
weighing 100 grains of the harvested grains in each plot. Pod weight was determined by
weighing 10 pods selected from the 10 plants sampled in each plot at harvest time. Total dry
matter was determined by uprooting whole plants (together with the pods) at maturity, oven
drying and weighing. Grain yield was taken after harvest from the middle part of the drip
lines leaving five hills from each end. The area from which the plants were harvested for
grain yield determination was 6.4 m® Harvest index was calculated as the weight of

harvested grain as a percentage of the total above ground biomass (Blaser, 2009)
4.3.4 Data analysis

Collected data were analyzed by the general linear model (GLM) procedure for analysis of
variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =

0.05. Linear regression analyses between grain yield and chlorophyll content, canopy
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temperature, days to anthesis, number of leaves, % ground cover, pods per plant, 100-grain

weight, pod weight, and total dry matter were conducted.

4.4 Results

4.4.1 Effect of water stress at vegetative and flowering growth stages on cowpea percent
ground cover and number of leaves per plant

Water stress level, cowpea variety and their interaction significantly affected percent ground
cover and leaf number (Table 4.1). Water stress at both vegetative and flowering stages
significantly reduced the percent ground cover and leaf number in most cowpea varieties
except Macho, Nyeupe and Mwandato. Plants subjected to water stress during flowering had
higher percent ground cover and leaf number than plants subjected to water stress during the
vegetative stage for all varieties except Kaima koko, M66 and KVU 27-1. Under no water
stress, Kutambaa had significantly the highest percent ground cover (99.4%) followed by
Mwandoto (85.8%) and Nyeupe (83.6%), while M66 had significantly the lowest percent
ground cover (49.2%). Percent ground cover varied from 49.2% (M66) to 99.4% (Kutambaa),
29.6% (Khaki) to 95.2% (Nyeupe) and 40.3% (M66) to 99.4% (Nyeupe) under no water
stress, stress at vegetative and flowering stages respectively. Percent ground cover reduction
due to water stress ranged from 2.3% to 46.4% at vegetative stage and 6.29% and 37.0% at
flowering. Under no stress, Kutambaa had significantly the highest leaf number while
Mwandato and Nyeupe had significantly the highest leaf number under water stress imposed
during vegetative and flowering stages. Number of leaves per plant ranged from 62 (M66) to
134 (Kutambaa) under no stress, 34 (Khaki) to 128 (Nyeupe) under stress at vegetative stage

and 49.3 (M66) to 134 (Nyeupe) under stress at flowering.

44



Table 4.1 Effect of water stress at vegetative and flowering stages on percent ground cover
and number of leaves per plant of cowpea

Cowpea variety Ground cover (%) Number of leaves per plant
(V) Water stress (WS) V- mean Water stress (WS) V- mean
Nws Vws  Fws Nws Vws  Fws
KVU 419 65.4 39.4 436 49.5 85.3 480 54.0 62.4
Khaki 55.2 29.6 49.2 44.7 70.7 340 62.0 55.6
K 80 58.4 394 46.4 48.1 75.3 480 58.0 60.4
Macho 57.4 56.1 63.8 59.1 74.0 72.0 83.0 73.3
Kaima-koko 73.6 52.6 46.4 57.5 97.0 67.0 58.0 74.0
Nyeupe 83.6 95.2 99.4 92.7 111.3 128.0 134.0 124.4
KVU 27 -1 51.9 478 487 49.5 66.0 60.0 61.3 62.4
Nyekundu 65.9 478 55.2 56.3 86.0 60.0 70.7 72.2
M 66 49.2 46.4 40.3 45.3 62.0 58.0 49.3 56.4
Kutambaa 99.4 58.9 66.6 75.0 134.0 76.0 87.0 99.0
Mwandato 85.8 945 98.0 92.8 114.7 127.0 132.0 124.6
WS-mean 67.8 55.3 59.8 88.8 70.7 77.2
p-value (V) 0.0001 0.0001
p-value (WS) 0.0001 0.0001
p-value VXWS)  0.0001 0.0001
LSDo.os V 15 2.16
L.SDo.os WS 1.0 113
LSD005V X WS 26 37
CV (%) 2.6 2.9

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —
Flowering water stress

4.4.2 Effect of water stress at vegetative and flowering stages on cowpea chlorophyll
content and canopy temperature

Water stress significantly reduced chlorophyll content of cowpea while the main effects of
variety and the interaction between cowpea variety and water stress had no effect on this
parameter (Table 4.2). Cowpea plants subjected to water stress during the vegetative stage
had lower chlorophyll content than non-water stressed plants and plants subjected to water
stress during flowering. Water stress during flowering had no effect on chlorophyll content.
There were significant differences in canopy temperature due to water stress and the

interaction between water stress and cowpea variety (Table 4.2). Cowpea variety main effect
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on canopy temperature was not significant. Water stress at vegetative stage significantly
increased canopy temperature in Khaki, Kaima koko, and Mwandato but significantly
reduced canopy temperature in Macho and Nyekundu. Water stress at flowering increased
canopy temperature in K80, M66, Kutambaa and Mwandato. Canopy temperature varied
from 20.70°C (Mwandato) to 25.23°C (Macho) under no stress, 20.20°C (Kutambaa) to
24.83°C (Kaima-koko) under water stress imposed at vegetative stage and 22.77°C (KVU 27-

1) to 25.60°C (K80) under stress imposed at flowering stage.

Table 4.2: Effect of water stress at vegetative and flowering growth stages on cowpea
chlorophyll content and canopy temperature

Cowpea variety Chlorophyll content index Canopy temperature (°C)

V) Water stress (WS) V- mean Water stress (WS) V- mean

Nws Vws Fws Nws Vws Fws

KVU 419 5470 46.43 50.00 50.38 22.67 2310 2317  22.98
Khaki 53.37 51.47 56.23  53.69 21.97 2443 2293 2311
K 80 54.43 50.67 50.13 51.74 2253 2350 2560  23.87
Macho 56.13 46.23 55.67  52.68 2523 2150 2327  23.33
Kaima-koko 51.20 47.00 50.77  49.66 2247 2483 2323 2351
Nyeupe 53.77 51.17 5223  52.39 2230 2310 2377  23.06
KvU 27 -1 53.87 4867 53.63  52.06 2253 2437 2277  23.22
Nyekundu 52.13 4527 4953  48.98 2496 2047 23.03  22.82
M 66 53.23 46.20 50.20  49.88 21.63 2233 2467  22.87
Kutambaa 54.47 4873 5247  51.89 2097 2020 2537 @ 22.17
Mwandato 50.77 47.47 54.07  50.77 20.70 2320 23.83 2258
WS-mean 53.46 48.12 52.27 2254 22.82 23.79
p-value (V) 0.264 0.561
p-value (WS) 0.0001 0.007
p-value VXWS) 0.856 0.0003
LSDo.os V Ns Ns
L.SDo.os WS 1.91 0.72
LSDO_05 V X WS Ns 2.39
CV (%) 7.56 6.35

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —
Flowering water stress
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4.4.3 Effect of water stress at vegetative stage and flowering on cowpea number of days to
anthesis

Cowpea variety and water stress had significant effects on the number of days to anthesis
(Table 4.3), but their interaction had no significant effect on this attribute. Water stress at
vegetative and flowering stages significantly increased the number of days to anthesis. There
was no significant difference between water stress at vegetative and at flowering stage in the

number of days to anthesis.

Table 4.3: Effect of water stress at vegetative and flowering growth stages on cowpea
number of days to anthesis

Cowpea variety Number of days to anthesis
(V) Water stress (WS) V- mean
Nws Vws Fws
KVU 419 42.67 43.00 48.0 44.56
Khaki 44.67 47.33 46.00 46.00
K 80 44.67 45.67 48.00 46.11
Macho 46.67 49.67 48.67 48.33
Kaima-koko 47.67 48.33 49.00 48.33
Nyeupe 58.33 59.67 58.33 58.78
KVU 27 -1 44.67 46.00 47.00 45.89
Nyekundu 40.00 44.33 44.67 43.00
M 66 42.67 45.67 42.67 43.67
Kutambaa 61.00 62.33 70.00 64.44
Mwandato 63.00 70.33 67.33 66.89
WS-mean 48.70 51.10 51.80
p-value (V) 0.0001

p-value (WS) 0.0001
p-value VXWS) 0.086

LSDo.os V 251
LSDo.os WS 131
LSDoosVXWS N

CV (%) 5.27

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —
Flowering water stress

Mwandato had significantly the highest number of days to anthesis while KVU 419,

Nyekundu and M66 had significantly lower number of days to anthesis than most of the
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varieties. Kutambaa had a lower number of days to anthesis than all varieties except
Mwandato. The number of days to anthesis varied from 44.3 (Nyekundu) to 70.3
(Mwandato). Water stress at vegetative and flowering stages increased time to anthesis by 4
and 7 days respectively.

4.4.4 Effect of water stress at vegetative and flowering growth stages on cowpea number of
pods per plant and grains per pod

Cowpea variety, water stress and the interaction between cowpea variety and water stress
significantly affected the number of pods per plant (Table 4.4). Water stress at vegetative and
flowering stages significantly increased the number of pods per plant in cowpea varieties.
The number of pods per plant varied from 4.3 (Kutambaa) to 10.3 (M66) under no water
stress, 6.3 (Mwandato) to 11 (K80) under water stress at vegetative stage and 7.3 (Mwandato)
to 12.3 (Macho) under water stress at flowering. Water stress increased the number of pods
per plant by 5 and 5.7 at vegetative and flowering stages respectively. Plants subjected to
water stress during flowering stages had higher number of pods per plant than water stress at
vegetative stage. The varieties which had significantly higher number of pods per plant under
water stress at flowering stage were Macho, Nyeupe and M66. Cowpea varieties, water stress
and their interactions had no significant effect on the number of cowpea grains per pod
(Table 4.4). The average number of grains per pod for plants under no water stress, water
stress at vegetative stage and water stress at flowering was 13.8, 14.2 and 13.8, respectively.
Number of grains per pod varied from 11.7 (Nyeupe) to 15.7 (Kaima Koko), 13.0 (Macho) to
15.3 (KVU 419), and 12.7 (Nyeupe and M66) to 16.0 (Khaki) under no stress, stress at

vegetative stage and stress at flowering, respectively.
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Table 4.4: Effect of water stress at vegetative and flowering growth stages on number of
pods per plant and grains per pod of cowpea

Cowpea variety Number of pods per plant Number of grains per pod
(V) Water stress (WS) V- mean Water stress (WS) V- mean
Nws Vws  Fws Nws Vws  Fws
KVU 419 10.0 9.0 100 97 13.7 153 143 144
Khaki 7.3 10.7 9.0 9.0 15.3 150 16.0 154
K 80 9.0 11.0 7.7 92 14.7 15.0 140 146
Macho 10.0 10.0 123 10.8 12.3 13.0 137 130
Kaima-koko 9.0 100 93 94 15.7 143 13.0 143
Nyeupe 6.0 8.0 11.7 8.6 11.7 13.3 127 126
KVU 27 -1 8.0 9.0 87 86 12.0 147 147 138
Nyekundu 10.0 100 93 98 15.0 13.0 143 141
M 66 10.3 10.7 11.7 10.8 15.3 140 127 140
Kutambaa 4.3 9.3 87 7.4 14.0 140 130 137
Mwandato 53 6.3 73 6.3 12.3 15.0 133 136
WS-mean 8.1 95 96 14.0 14.2 138
p-value (V) 0.0001 0.141
p-value (WS) 0.0003 0.549
p-value VXWS)  0.006 0.625
LSDoos V 1.46 Ns
LSDg 05 WS 0.76 Ns
LSD0.05 V x WS 2.39 Ns
CV (%) 17.0 13.4

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —
Flowering water stress

4.45 Effect of water stress at vegetative and flowering growth stages on cowpea 100-
grain weight and pod weight

Cowpea variety, water stress and interaction between cowpea variety and water stress
significantly affected cowpea 100-grain weight (Table 4.5). Water stress at vegetative and
flowering stages significantly reduced 100-grain weight of cowpea varieties. Plants subjected
to water stress during flowering stages had a lower 100-grain weight than water stress at
vegetative stage. Weight of 100-grains varied from 12.9 g (Nyekundu) to 19.3 g (Nyeupe),
12.0 g (Nyekundu) to 18.9 g (Nyeupe) and 11.7 g (Nyekundu) to 18.6 g (Nyeupe) under no

water stress, stress at vegetative and flowering stages, respectively. Variety Nyeupe had
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significantly higher 100-grain weight than other varieties under all water stress levels.

Variety and interaction between variety and water stress significantly reduced cowpea pod

weight (Table 4.5). Main effects of water stress levels had no significant effect on cowpea

pod weight.

Table 4.5: Effect of water stress at vegetative and flowering growth stages on cowpea 100-
grain weight and pod weight (t/ha)

Cowpea variety 100-grain weight (g) Pod weight (t/ha)
(V) Water stress (WS) V- mean Water stress (WS) V- mean
Nws Vws  Fws Nws Vws Fws

KVU 419 13.6 13.1 127 131 11.67 6.07 697 8.23
Khaki 13.6 13.1 12.8 132 950 397 817 7.21
K 80 13.5 134 133 134 10.17 6.07 757 7.93
Macho 16.4 158 156 15.9 10.00 9.70 11.33 10.34
Kaima-koko 13.5 135 129 133 1343 890 757 997
Nyeupe 19.3 18.9 186 18.9 15.60  18.07 19.00 17.56
KVU 27 -1 18.0 173 164 172 880 7.90 810 827
Nyekundu 12.9 12.0 117 122 11.77 790 947 971
M 66 14.6 144 135 142 8.17 757 627 733
Kutambaa 14.9 141 123 1338 19.00 1027 11.93 13.73
Mwandato 13.7 133 131 134 16.10  17.93 18.70 17.58
WS-mean 14.9 145 139 1220 9.49  10.46
p-value (V) 0.0001 0.0001

p-value (WS) 0.0001 0.0001

p-value VXWS)  0.0001 0.0001

LSDoos V 0.09 0.32

LSDo.os WS 0.05 0.17

LSDoos VXWS 16 0.56

CV (%) 0.65 3.21

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —

Flowering water stress

Water stress at vegetative stage significantly increased pod weight of Nyeupe and Mwandato

and reduced pod weight of Khaki but had no effect on other varieties. Water stress at

flowering significantly increased pod weight of Nyeupe and Mwandato and significantly

reduced pod weight of KVU 419 and Kaima koko; but had no effect on the rest of the

varieties. Under no water stress, KVU 419 and Mwandato had significantly higher and lower
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pod weight, respectively, than most varieties. Under water stress at vegetative stage,
Mwandato and KVU 27-1 had significantly lower and higher pod weight, respectively, than
most varieties. Nyeupe and Mwandato had significantly higher and lower pod weight,

respectively, than most varieties under stress at flowering stage.

4.4.6 Effect of water stress at vegetative and flowering growth stages on cowpea above
ground dry matter at maturity and grain yield

Variety, water stress and interaction between variety and water stress significantly affected
cowpea shoot dry matter and grain yield (Table 4.6). Water stress at vegetative and flowering
stages significantly lowered the shoot dry matter in cowpea varieties by 56.2% and 36.2%
respectively. At vegetative stage the reduction in shoot dry matter ranged from 26.4% in
Macho to 86.8% in Mwandato, while, at flowering stage it ranged from 15.3% in KUV 27-1
to 78.3% in Mwandato. At vegetative stage Nyeupe and Mwandato had higher dry matter
reduction of 76.3% and 86.8%, respectively while at flowering stage Mwandato had the
highest reduction of 78.3% in shoot dry matter. Water stress at vegetative stage significantly
increased grain yield in KVU 27, Nyekundu, Kaima Koko, K80 and M66 by 121.1, 102.2,
55.8, 52.8 and 52.4% respectively; but it significantly reduced grain yield in Nyeupe by
44.0%. Water stress at flowering significantly increased grain yield in Nyekundu and
Kutambaa by 53.3 and 119.6%, respectively, but had no significant effect on grain yield in
the rest of the varieties. KVU 419 had significantly higher grain yield than Kutambaa,
Mwandato and Khaki under no stress but its yield was not significantly different from the rest
of the varieties. Under water stress at vegetative stage, KVU 27-1, Nyekundu and Kaima
koko had significantly higher grain yield than most of the other varieties. Under water stress
at flowering, no major differences were noted among the varieties except that Mwandato had

significantly lower grain yield than most varieties while Nyeupe had higher grain yield than
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Mwandato, KVU 419 and Khaki. Average grain yield across all water stress levels varied

from 0.5 t/ha (Mwandato) to 1.40 t/ha (Nyekundu)

Table 4.6: Effect of water stress at vegetative and flowering growth stages on cowpea above
ground dry matter yield at maturity and grain yield

Cowpea variety Dry matter yield (t/ha) Grain yield (t/ha)

(V) Water stress (WS) V- mean Water stress (WS) V- mean
Nws Vws  Fws Nws Vws  Fws

KVU 419 2049 11.67 14.92 15.69 1.34 1.25 1.04 1.21

Khaki 22.67 950 1256 14.91 0.68 090 1.03 0.87

K 80 2241 10.20 16.25 16.29 0.89 1.36 1.23 1.16

Macho 9.18 10.00 12.48 10.55 1.09 080 141 1.13

Kaima-koko 19.78 13.40 16.27 16.48 1.13 1.76 1.23 1.37

Nyeupe 15.60 3.60 811 9.10 1.16 0.65 1.54 1.12

KVvU 27 -1 25.19 8.80 14.44 16.14 0.90 1.99 1.17 1.35

Nyekundu 2354 11.70 14.89 16.71 0.92 1.86 1.41 1.40

M 66 21.33 8.20 18.06 15.86 1.05 1.60 1.12 1.26

Kutambaa 19.00 721 10.34 12.18 0.56 074 1.23 0.84

Mwandato 16.00 212 3.48 7.20 0.48 0.38 0.65 0.50

WS-mean 19.86 8.69 12.67 0.93 1.22 1.19

p-value (V) 0.0001 0.0001

p-value (WS) 0.136 0.0002

p-value VXWS)  0.0003 0.0001

L-SDoos V 0.41 0.27

LSDo.s WS Ns 0.14

LSDoos VXWS ¢ 79 0.47

CV (%) 27.17 26.02

WS —Water stress, Nws — No water stress, Vws — Vegetative water stress and Fws —

Flowering water stress

4.4.7 Effects of water stress at vegetative and flowering growth stages on cowpea harvest

index

Cowpea variety, water stress and the interaction between cowpea variety and water stress

significantly affected the harvest index (Table 4.7). Water stress at vegetative stage

significantly increased harvest indices of all cowpea varieties except Macho, Nyeupe and

Kutambaa. Water stress at flowering enhanced cowpea harvest indices for only K80, Kaima-

koko, Nyekundu, and Kutambaa varieties. Mwandato had significantly the highest harvest



indices under all the stress levels. Under water stress at vegetative stage, Kutambaa and
Nyeupe had significantly the highest indices than all other varieties. Harvest indices varied
from 2.93% (Mwandato) to 12.8% (M66) under no stress, 2.13% (Mwandato) to 25.3% under

stress at vegetative stage and 3.47% (Mwandato) to 18% (M66) at flowering.

Table 4.7: Effects of water stress at vegetative and flowering growth stages on cowpea
harvest index

Cowpea variety Harvest index (%0)
V) Control (no  Vegetative  Flowering V-mean
stress) stage stage
KVU 419 11.53 20.53 14.87 15.64
Khaki 7.13 22.77 12.70 14.20
K 80 8.70 22.53 16.27 15.83
Macho 10.93 9.23 12.40 10.85
Kaima-koko 8.37 19.70 16.27 14.78
Nyeupe 7.43 3.57 8.13 6.38
KvU 27 -1 10.20 25.30 14.90 16.80
Nyekundu 7.80 23.70 14.93 1548
M 66 12.87 21.17 18.00 1735
Kutambaa 2.97 7.20 10.33 6.83
Mwandato 2.93 2.13 3.47 2.84
WS-Means 8.26 16.17 12.93
p-value (V) 0.0001

p-value (WS) 0.0001
p-value VXWS)  0.0001

LSDo.os V 3.52
LSDo.0s WS 1.84
LSDoosV X WS 6.10
CV (%) 30.0

4.4.8 Linear regression relationships between grain yield and other cowpea crop traits

Linear regression relationships between grain yield and chlorophyll content, days to anthesis,
leaf number, ground cover and dry matter were negative (Figure 4.1 to 4.5). In contrast, linear
regression relationships between grain yield and canopy temperature, pods per plant, 100-

grain weight and pod weight were positive (Figure 4.6 to 4.9).
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Figure 4.1 Linear regression relationship between grain yield and chlorophyll content
index of cowpea
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Figure 4.2 Linear regression relationship between grain yield and days to anthesis of
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Figure 4.3 Linear regression relationship between grain yield and number of leaves of
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Figure 4.4 Linear regression relationship between grain yield and percent ground cover
of cowpea

55



1.6
y=-0.082x +2.001
-
14 -~ o6 R?=0.797
E *
El 2 *
= &
21
?.
.E
=08 .
[
&)
0.6
L 4
04 T T T T T T T
5 7 9 11 13 15 17 19
Shoot dry matter (t/ha)

Figure 4.5 Linear regression relationship between grain yield and dry matter of cowpea

1.28
y = 0.053x
R? = 0.989 e
1.26
]
1.24
g
= 122
-
£
£ 12
&)
1.18 +-
1.16 | . | |
22 225 23 235 24
Canopy temperature (°C)

Figure 4.6 Linear regression relationship between grain yield and canopy temperature of
cowpea

56



16

1.4 y=0.1911x- 0.6339 s ¢
R?=0.7729
= 12 ¢
s ®
=
-
E 1
=
£ IS ¢
= 0.8
T
0
0.6
L
04 T T T T T T 1
5 6 7 8 9 10 11 12

Number pods per plant

Figure 4.7 Linear regression relationship between grain yield and number of pods per
plant of cowpea

1.6
y=0.149x- 1.187
R?=0.563
1.4
* /
E 1.2
*

g
3 1
-
g M .
= 0.8
&

0.6

*
04 T T T T T T T T 1
13 135 14 14.5 15 15.5 16 16.5 17 17.5
Grain weight (g)

Figure 4.8 Linear regression relationship between grain yield and 100-grain weight (g) of
cowpea

57



1.4 S
y=0.701x ¢ .
R2=0.913
. 3

—~ 1.2
= S
E /
= 1
2
>
£ . ¢
= 0.8
rh
&

0.6

*
O,4 T T T
0.6 1.1 1.6 2.1
Pod weight (t/ha)

Figure 4.9 Linear regression relationship between pod weight (t/ha) and grain yield of
cowpea

4.5 Discussion

4.5.1 Effects of variety and water stress on cowpea chlorophyll content, canopy
temperature and time to anthesis

Water stress at vegetative stage significantly reduced cowpea chlorophyll content. This
observation has been reported in previous studies. Hayatu and Mukhtar, (2010) reported
100% reduction in the chlorophyll content of cowpea genotypes under both moderate and
severe water stress. Chlorophyll content is among the morphological, biochemical and
physiological traits for drought screening in cowpea (Souza, et al. 2004). In the current study,
the response to drought in terms of chlorophyll content was, however, not dependent on the
cowpea variety. Chlorophyll content could not therefore be used to identify drought tolerant

cowpea varieties. Water stress during flowering had no effect on chlorophyll content.

Water stress significantly increased canopy temperature for varieties such as Khaki and

Kaima-koko but reduced the canopy temperature of Macho and Nyekundu. Hamidou et al.,
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(2007) reported that water stress significantly increased canopy temperature of cowpea
plants. They attributed this to the fact that cowpea plants closed their stomata to avoid
dehydration thereby leading to an increase in canopy temperature. Stomata closure is the first
responsive event of plants to water deficiency (Lisar et al., 2012). There was a positive linear
relationship between canopy temperature and grain yield, suggesting that stomatal closure
resulted in increased water use efficiency. Hall et al., (1997) reported that stomata closure
under water stress resulted in increased water use efficiency (WUE). Canopy temperatures of
Nyeupe and Macho decreased when water stress was imposed suggesting that they did not
depend on stomata adjustment as a strategy to deal with water stress. Water stress at
vegetative and flowering stages increased time to anthesis by 4 and 7 days, respectively.
Abayomi and Abidoye, (2009) reported that the onset of and dates to full flowering of
cowpea were significantly delayed under high moisture stress. The interaction between

variety and water stress did not affect the time to anthesis.

4.5.2 Effects of water stress on cowpea leaf number, percent ground cover and shoot dry
matter yield at maturity

Water stress caused reduction in cowpea leaf number, percent ground cover and dry matter
yield at maturity. Reduction in leaf production and/or increase in leaf senescence and
abscission due to water stress have been reported in previous studies (Abidoye, 2004). Okon
(2013) and Samson and Helmut (2007) reported that post-flowering water stress reduced the
cowpea total dry matter. Reduction in leaf and plant growth has been attributed to decrease in
cellular expansion resulting from a decrease in plant water content (Abayomi and Abidoye,
2009), reduction in leaf formation and increased abscission of lower leaves (Waseem et al.,
2011). The reduction in growth parameters under water stress conditions could also be

attributed to decline in photosynthesis (Chaves et al., 2009). The effects of water stress on
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leaf number, percent ground cover and dry matter yield were dependent on cowpea genotypes

(Hayatu and Mukhtar, 2010).
4.5.3. Effects of water stress on harvest index, grain yield and yield components

Water stress at both vegetative and flowering stages significantly increased the number of
pods per plant, pod weight, grain yield and harvest index for some varieties. Earlier studies
indicated that cowpea could maintain seed yield when water stress was subjected at
vegetative stage provided subsequent conditions were conducive for flowering and pod set
(Singh et al., 1997). However, Akyeampong (1986) showed that cowpea is highly sensitive to
water deficits during flowering and pod filling stages which lead to reduced grain yields. In
the current study, there was a positive linear regression relationship between grain yield and
number of pods per plant, 100-grain weight and pod weight. Grain yield in cowpea is
determined by the product of the number of pods per plant that reach maturity, the average
number of grains per pod and 100-grain weight (Akyeampong, 1985). Under water stress
conditions, cowpea closes their stomata to avoid dehydration (Hamidou et al., 2007). This
reduces water loss (Souza et al. 2004) and increases water use efficiency (WUE) (Hall, et al.
1997). Cowpea varieties with high pod weight under water stress conditions could be making
use of the additional photosynthetic capacity of their pods (Ahmed and Suliman, 2010).
Dadson et al., (2005) reported that water stress increased cowpea harvest index. Most of the
varieties in the current study apparently responded to water stress by partitioning more
photosynthates to the grain relative to the shoot, thus leading to grain yield increases. This
suggests that short-term moderate drought stress during vegetative growth and flowering
enhances grain yield of some cowpea varieties but reduces shoot growth. Cowpea varieties
which were superior in yield and high harvest indices under water stress included Nyekundu,
KVU 27-1, M66, and KVU 419. Under no water stress, the cowpea varieties which had high
harvest indices were M66, K\VVU 419, Macho and KVU 27-1.
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4.6 Conclusion

Water stress imposed at vegetative and flowering reduced growth parameters and chlorophyll
content, but enhanced grain yield and yield components of some varieties. The impact of
water stress on growth is dependent on the cowpea variety. Moderate stress may be beneficial
if cowpea is grown for grain production but not if grown for vegetable production. Cowpea
varieties which were superior in yield and high harvest indices under water stress included

Nyekundu, KVU 27-1, M66, and KVU 419.
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CHAPTER FIVE: EFFECTS OF VARIETY AND INSECTICIDE SPRAY
APPLICATION ON PEST DAMAGE AND YIELD OF COWPEA

5.1 Abstract

Cowpea (Vigna unguiculata (L)) Walp) has the potential to increase food security in coastal
lowland. However, it is often attacked by a spectrum of pest species hence its production is
considered too risky an enterprise by many growers. Field studies were at Pwani University
farm under irrigation to evaluate the effects of variety and insecticide spray application on the
pest damage and yield of cowpea. The trial was designed as a randomized complete block
design with a split plot arrangement, replicated three times. The main plots were two pest
management levels (no insecticide spray and insecticide spray) while the sub-plots included
11 local and improved cowpea varieties. Data collected included: insect pest damage at pre-
flowering, flowering, podding and maturity stages, number of pods per plant, number of
grains per pod, 100-grain weight and grain yield. Data collected were subjected to analysis of
variance using the SAS statistical package. Insecticide application reduced pest damage at
pre-flowering, flowering and podding by 23.5%, 20.6% and 52.3%, respectively. Pod borer
damage was 49.9% lower in sprayed than unsprayed plots. Insecticide application
significantly increased cowpea grain yield, with the increase ranging from 11.6% in
Nyekundu to 662.5% in Macho. Varieties such as KVU 419, Macho, Kaima koko and
Nyeupe had lower pod borer damage than K80, Mwandato and Nyekundu which had the
highest damage under no insecticide spray. All the cowpea varieties evaluated were similarly
affected by insect pests, indicating that application of an insecticide is necessary for
sustainable cowpea production. Insecticide spray at podding stage is more critical than at pre-

flowering and flowering stages.
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5.2 Introduction

Cowpea (Vigna unguiculata (L)) Walp) is the most important grain legume in many parts of
the world (Takim and Uddin, 2010) and its production is regarded as an integral part of the
traditional cropping system throughout Africa (Isubikalu et al., 2000). It is mostly grown as
an intercrop with maize and is preferred by farmers because of its role in maintaining soil
fertility through nitrogen-fixation (Asiwe et al., 2009), and its nutritive value as fodder for
livestock (Dzemo et al., 2010). The causes of low yields in cowpea production include insect
pests, diseases, parasitic weeds, drought and low soil fertility; however, insect pests constitute
the major constraint (Karungi et al., 2000). The crop is attacked by a spectrum of pest species
(Isubikalu et al., 2000). Cowpea production is therefore considered too risky an enterprise by
many growers because of the numerous pest problems associated with it (Egho, 2010;

Isubikalu et al., 2000).

Over 130 species of insect pests have been recorded on cowpea and they attack virtually
every part of the crop including the roots, leaves, flowers and pods (Singh and Jackai, 1985).
Different insect pests specialize on different parts of a cowpea plant and, in the worst cases,
these pests overlap in their incidence and damage. It is not unusual to find four or more pests
on the crop at the same time (Singh and Jackai, 1985). Insect pests which severely damage
cowpea during all growth stages are the cowpea aphids (Aphis craccivora Koch), foliage
beetles (Ootheca sp, Medythia spp), the flower bud thrips (Megalurothrips sjostedti Trybom),
the legume pod borer (Maruca vitrata Fabricius) and the sucking bug complex, of which
Clavigralla spp, Anoplocnemis spp, Riptortus spp, Mirperus spp, Nezara viridula Fab and
Aspavia armigera L. are the most important and prevalent (Egho, 2010; Jackai and Adalla,

1997).
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The most important pre-flowering pests are Ootheca mutabilis and Zonocerus variegates but
the most damaging of all pests are those that occur during flowering and podding stages.
They include flower thrips dominated by Megalurothrips sjostedi, the legume pod borer
Maruca vitrata; Clavigralla tomentosicollis and a complex of pod sucking bugs. The legume
pod borer, Maruca vitrata, is a tropical pest of legume crops, particularly cowpeas (Jackai,
1995). Without control measures, its infestation rate can reach 80% and cause seed damage
rates of up to 50% (Dreyer et al., 1994). Pod borers are important pests of the reproductive
structures of cowpea with early feeding leading to flower bud and flower abortions, hence
poor pod set (Tamo et al., 1997). Insect pests are considered to be largely responsible for up
to 90 — 100 % yield reduction (Jackai and Daoust, 1986). In Africa, average cowpea yields
vary dramatically from 0.05 to 0.55 t ha™ (Cisse et al., 1995), due to insect pests which
damage cowpea from seedling emergence to storage (Karungi et al., 2000). Losses from
insects are associated with defoliation of root or leaf tissue, removal of fluid from phloem and
xylem systems, mining of parenchyma tissue, formation of galls, or blemishing the harvested

fruit or vegetable (Schoonhoven et al., 1998).

The insect pests that reduce cowpea yield to zero are those that attack the flowering and the
podding stages (Fisher et al., 1987). A cowpea grain yield loss of 45 — 52% was recorded in
Northern Nigeria during flowering stages, followed by 21 — 26% loss during pod formation, 7
— 9% loss during the pre-flowering and 2 — 3% loss in the establishment stage (Raheja, 1976).
According to Jackai et al., (1985), it is not feasible to grow cowpea commercially without the
use of insecticide sprays. In Kenya a report indicates grain yield losses of up to 80% in
indigenous cowpea varieties as a result of pod borer attack (Okeyo-Owuor et al., 1983).
Generally, peasant farmers growing cowpea in the region leave cowpea protection to chance
or nature. The low yield obtained from such farmers’ fields suggests that natural control by

itself cannot afford enough protection to enhance profitable commercial production (Jackai
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and Sign, 1983). Dzemo et al., (2010) reported that insect pest control insecticide sprays led
to increased number of cowpea pods per plant, pod weight, number of seeds per pod, seed
weight, and grain yield. The use of varieties that are resistant to attack by insect pests is one
of the most promising alternative control measures. This strategy is economically and
environmentally safe and can easily be integrated with other control measures (Alabi et al.,
2003). The objective of this study was to evaluate the effects of variety and insecticide spray

application on pest damage and yield of cowpea.
5.3 Materials and Methods
5.3.1 Study site

The study was carried out at Pwani University (PU) in coastal lowland (CL) Kenya. This site
is located 60 km north of Mombasa between latitudes 3° S and 4° S and longitudes 39° E and
40° E. Mean monthly minimum and maximum temperatures are about 22°C and 30°C,
respectively, and the mean relative humidity is 80% (Jaetzold and Schmidt, 2012). The area
receives an average annual rainfall of 600-1100 mm that comes in two seasons (Sombroek et
al., 1982). The long rains are received in March/April through August while the short rains
are received in October, November and December. The long rains season is the most
important cropping season, with 75% of the annual rainfall usually received during this time
(Saha, 2007). According to Sombroek et al., (1982), the soils in CL Kenya are mostly
ferralsols. These soils have low organic matter content, are deficient in essential plant
nutrients (especially nitrogen), are prone to leaching, and have a pH range of 5 to 7 (Mureithi
et al., 1995). The study was conducted in the dry season of 2011 and 2012 under drip

irrigation.
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5.3.2 Experimental design, treatments and crop husbandry

The experimental design was randomized complete block design, with a split-plot
arrangement of treatments, replicated three times. Insecticide spray treatments were assigned
to the main plots while the cowpea varieties were assigned to the sub-plots. This was done to
avoid wind drift. The main plots had two treatments: no insecticide spray and insecticide
spray. The insecticide used in spray treatment was pestox ® 100 EC. It was sprayed two
weeks after planting then fortnightly up to podding stage. Pestox insecticide, whose active
ingredient is cypermethrin, is a synthetic pyrethroid that belongs to a group of insecticides
used widely as an industrial and agricultural pesticide (Chibuike and Parker, 2010).
Cypermethrin, like all synthetic pyrethroids, Kills insects by disrupting normal functioning of
the nervous system (Sukanya and Doss, 2013). The 11 cowpea varieties tested comprised: (i).
KVU 419 (improved variety from Kenya Agricultural and Livestock Research Organization
(KALRO)-Katumani); (ii). Khaki (local variety); (iii). K 80 (improved variety for the region);
(iv). Macho (local variety); (v). Kaima-koko (local variety); (vi). Nyeupe (local variety);
(vii). KVU 27-1 (improved variety from KALRO Katumani); (viii). Nyekundu (local
variety); (ix). M 66 (improved variety from KALRO Katumani); (x). Kutambaa (local
variety); and (xi). Mwandato (local variety). A drip irrigation system was used to grow the
experimental crops. The drip lines were 60 cm apart while the plots were 50 cm apart. Each
replication had 11 plots and each plot had two drip lines. Inter-row spacing was 60 cm and
within row spacing was 30 cm. Two seeds were planted in each hill. Weeds were controlled
manually by hand weeding at two and four weeks after planting respectively. No organic or
inorganic fertilizer was applied.

5.3.3 Data collection

Data collected included: insect pest damage at pre-flowering and flowering stages, damage
by pod sucking bugs and pod borer, number of pods per plant, number of grains per pod, 100-
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grain weight and grain yield. Pest damage was scored at vegetative, flowering, podding and
maturity stages. Insect pest damage at vegetative stage (two weeks before flowering) was
scored by calculating the percent number of the damaged leaves in relation to the total
number of leaves. Pod sucking bugs and pod borer damage were determined by sampling 10
plants and calculating % damaged pods. Damage at all the stages was scored according to
Baidoo and Mochiah (2014) using a scale of 1 to 5; with 1 = less that 25% damage; 2 = >25%
but < 50%; 3 = 50%, 4 = >50% < 75% and 5 = >75% damage. The number of pods per plant
and number of grains per pod were determined from 10 plants per plot by counting at
harvesting time. Weight of 100-grains was determined by weighing 100 grains of the
harvested grains per plot. Grain yield was determined by harvesting mature plants from an
area of 6.4 m? in the middle part of the drip lines leaving five hills on each end. Harvested
grains were sundried, weighed and grain yield adjusted to 14% moisture content as

recommended (Mahapatra et al., 2013)
5.3.4 Data analysis

Collected data were analyzed by the general linear model (GLM) procedure for analysis of
variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =
0.05. Linear regression analyses between grain yield and the following parameters were
performed: pest damage at pre-flowering, pest damage at flowering, number of pods per
plant, pod borer damage, number of grains per pod, and 100-grain weight.

5.4 Results

5.4.1 Effects of variety and insecticide spray application on pest damage at pre-flowering

and flowering stages
The most common pests at pre-flowering stage were leafhoppers (Empoasca dolichi), bean

fly (Ophiomyia phaseoli), aphids (Aphis craccivora), and foliage beetles (Photinus pyralis,
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Epicauta vittata, Podabrus flavicollis, Osmoderma eremicola and Oedemera nobilis). At

flowering stage the pests at pre-flowering stage were joined by the cowpea flower thrips

(Megalurothrips sjostedti), green vegetable bud (Nezara viridula), Brown bean bug

(Riptortus serripes) and the Legume pod borer (Maruca testulalis Gayer). Insecticide

application significantly reduced pest damage at pre-flowering and flowering stages, while

cowpea variety and interaction between cowpea variety and insecticide application had no

significant effect (Table 5.1).

Table 5.1: Effects of variety and insecticide spray application on pest damage at pre-
flowering and flowering stages

Cowpea varieties  PDS at pre-flowering stage

PDS at flowering stage

V) Pest management V-means Pest management V-means
(PM) (PM)
NIP IP NIP IP
KVU 419 4.67 3.67 4.20 4.33 3.33 3.83
Khaki 4.67 3.50 4.10 3.67 3.33 3.50
K 80 4.83 3.50 4.20 4.67 3.67 4.17
Macho 4.67 3.67 4.20 4.67 3.67 4.17
Kaima-koko 4.83 3.67 4.30 4.33 3.67 4.00
Nyeupe 4.17 3.33 3.8 3.67 3.00 3.33
KVU 27 -1 4.50 3.50 4.00 4.33 3.67 4.00
Nyekundu 4.67 3.33 4.00 4.33 3.67 4.00
M 66 4.50 3.67 4.10 4.00 3.33 3.67
Kutambaa 4.67 3.50 4.00 4.33 3.00 3.67
Mwandato 4.83 3.67 4.30 4.67 3.00 3.83
PM-mean 4.64 3.55 4.27 3.39
p-value (V) 0.548 0.248
p-value (PM) 0.0001 0.0001
p-value (V x PM)  0.967 0.769
LSD0.05V Ns Ns
LSDo 05 PM 0.18 0.28
LSDg05 V X PM Ns Ns
CV (%) 8.98 14.89

PDS — Pest damage scores, NIP — No insecticide spray and IP — Insecticide spray
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Pest damage at pre-flowering and flowering stages in insecticide sprayed plots was
significantly lower than in unsprayed plots by 23.5% and 20.6%, respectively. Pest damage

was over 50% in all the varieties at both stages.

5.4.2 Effects of variety and insecticide spray application on pest damage at podding stage
and pod borer damage

The most common pests at podding stage were green vegetable bug (Nezara viridula), brown
bean bug (Riptortus serripes) and legume pod borer (Maruca testulalis Gayer). Insecticide
application had significant effects on pest damage at podding while, variety and the
interaction between variety and insecticide spray had no effect (Table 5.2). Pest damage at
podding stage was significantly higher in unsprayed plots than in insecticide sprayed plots.
Insecticide application reduced pest damage at podding stage by 52.3%. Pod borer damage
was significantly affected by insecticide application and the interaction between cowpea
variety and insecticide spray application (Table 5.2). Pod borer damage in unsprayed plots
was significantly higher than in insecticide sprayed plots for all the varieties. In unsprayed
plots, varieties such as K80, Mwandato and Nyekundu had higher pod borer damage than
most of the other varieties. Majority of the varieties were not significantly different in pod
borer damage in sprayed plots except that KVU 419 and Nyekundu had lower pod damage
than K80. Insecticide application reduced pod borer damage by an average of 49.9%. Pod
borer damage ranged from 37.5% in Macho and Kaima koko to 66.8% in Nyekundu.
Varieties such as KVU 419, Macho, Kaima koko and Nyeupe had low pod borer damage

scores under no insecticide spray treatment.
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Table 5.2: Effects of variety and insecticide spray application on pest damage at podding
stage and pod borer damage scores

Cowpea varieties

PDS at podding stage

Pod borer damage scores

V) Pest management V-means Pest management V-means
(PM) (PM)
NIP IP NIP IP
KVU 419 4.67 2.33 3.50 2.67 1.33 1.67
Khaki 5.00 2.33 3.70 3.33 1.67 2.00
K 80 4.67 2.33 3.50 4.33 2.33 1.83
Macho 5.00 2.33 3.70 2.67 1.67 2.17
Kaima-koko 5.00 2.67 3.80 2.67 1.67 2.17
Nyeupe 5.00 2.00 3.50 2.33 1.33 1.67
KVU 27 -1 5.00 2.33 3.70 3.67 1.67 1.83
Nyekundu 4.67 2.33 3.50 4.00 1.33 1.67
M 66 5.00 2.33 3.70 3.33 1.67 2.00
Kutambaa 5.00 2.00 3.50 3.33 1.67 1.67
Mwandato 4.67 2.67 3.70 433 2.00 1.67
PM-mean 4.88 2.33 3.33 1.67 1.85
p-value (V) 0.87 0.31
p-value (PM) 0.0001 0.0001
p-value (V xPM)  0.48 0.003
LSDg g5V Ns Ns
LSDg.0s PM 0.19 0.23
LSDgosV X PM Ns 0.75
CV (%) 10.58 24.47

PDS — Pest damage scores, NIP — No insecticide spray and IP — Insecticide spray

5.4.3 Effects of variety and insecticide spray application on number of cowpea pods per
plant and grains per pod

Cowpea variety, insecticide application and interaction between cowpea variety and

insecticide application had significant effects on the number of pods per plant (Table 5.3).

The number of pods per plant was significantly higher in insecticide sprayed plots than in

unsprayed plots for all the varieties tested. The increase in number of pods per plant due to

insecticide application ranged from 6.6% in Mwandato to 135.5% in Macho. Under no

insecticide spray, Nyekundu had the highest number of pods per plant while under insecticide

application Macho had the highest number of pods per plant. Varieties such as Mwandato,

70



K80, Kaima koko and Nyeupe did not respond significantly to insecticide spray application
with respect to number of pods per plant. Cowpea variety and insecticide application had
significant effects on the number of grains per pod (Table 5.3). The number of grains per pod
under sprayed plots was significantly higher than the number of grains per pod under no
spray plots. Cowpea varieties with the highest number of grains per pod under no spray plots
were M66, K80 and Kutambaa. The varieties with the highest number of grains per pod in
sprayed plots were KVU 419, Kaima koko, Khaki, M66 and Nyekundu. Insecticide
application increased the number of grains per pod by an average of 102.1%, with a range of

75.0 % (Nyeupe and Kutambaa) to 208.3% (Mwandato).

Table 5.3: Effects of variety and insecticide spray application on the number of cowpea
pods per plant and grains per pod

Cowpea varieties Number of pods per plant Number of grains per pod
V) Pest management V-means  Pest management V-means
(PM) (PM)
NIP IP NIP IP
KVU 419 4.33 9.00 7.50 7.33 16.00 11.67
Khaki 4.33 7.33 8.50 7.00 15.33 11.17
K 80 6.00 8.00 8.00 8.00 14.67 11.33
Macho 4.67 11.00 7.83 7.00 14.33 10.67
Kaima-koko 6.33 8.00 8.00 7.00 15.67 11.33
Nyeupe 4.00 6.00 6.00 6.67 11.67 9.17
KVU 27 -1 5.00 8.00 6.50 7.67 14.00 10.83
Nyekundu 8.33 10.67 1050  7.33 15.00 11.17
M 66 5.33 10.33 8.17 8.33 15.33 11.83
Kutambaa 3.33 5.67 5.67 8.00 14.00 11.00
Mwandato 5.00 5.33 5.33 4.00 12.33 8.17
PM-mean 5.15 8.12 7.50 7.12 14.4 10.76
p-value (V) 0.0001 0.0001
p-value (PM) 0.0001 0.0001
p-value (V x PM) 0.0001 0.074
LSDg05 V 1.45 1.25
LSDg.0s PM 0.62 0.53
LSDg 5V x PM 2.05 Ns
CV (%) 16.09 9.92

PDS — Pest damage scores, NIP — No insecticide spray and IP — Insecticide spray
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5.4.4 Effects of variety and insecticide spray application on cowpea 100-grain weight and

grain yield

There were significant effects on cowpea 100-grain weight due to cowpea variety, insecticide

spray application and their interaction (Table 5.4). The 100-grain weight in sprayed plots was

significantly higher than in unsprayed plots. Cowpea varieties with the highest 100-grain

weight in unsprayed plots were K80 and Kaima koko. The varieties with the highest 100-

grain weight in sprayed plots were Nyeupe and KVU 27-1. Insecticide application increased

weight of 100 grains by an average of 41.43%, with a range of range of 2.83% (K80) to

125.76% (Kutambaa).

Table 5.4: Effects of variety and insecticide application on 100-grain weight and grain

yield of cowpea

Cowpea varieties

100-grain weight (g)

Grain yield (t/ha)

V) Pest management V-means  Pest management V-means

(PM) (PM)

NIP IP NIP IP
KVU 419 8.87 13.60 12.82 0.88 1.18 1.04
Khaki 9.50 13.60 13.72 0.51 0.71 0.69
K 80 15.07 15.50 14.27 0.44 0.64 1.10
Macho 8.53 16.40 15.80 0.16 1.22 0.70
Kaima-koko 13.50 14.33 14.58 0.18 0.92 0.91
Nyeupe 11.83 19.30 15.60 0.33 1.16 0.74
KVU 27 -1 12.33 18.00 15.17 0.33 0.74 0.62
Nyekundu 10.40 12.90 14.12 0.69 0.77 0.89
M 66 9.30 14.60 11.95 0.34 1.05 0.67
Kutambaa 6.60 14.90 10.17 0.30 0.68 0.45
Mwandato 12.03 13.70 12.87 0.48 1.05 0.74
PM-mean 10.72 15.17 13.73 0.42 0.92 0.78
p-value (V) 0.0001 0.0001
p-value (PM) 0.0001 0.0001
p-value (V x PM) 0.0001 0.0001
LSDo 5V 1.12 0.08
LSDg.0s PM 0.48 0.04
LSDoo5V X PM 1.59 0.12
CV (%) 7.17 9.28

PDS — Pest damage scores, NIP — No insecticide spray and IP — Insecticide spray
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Cowpea variety, insecticide spray application and their interaction significantly affected
cowpea grain yield (Table 5.4). Insecticide application significantly increased grain yield of
all the varieties except for Nyekundu where there was no effect. Insecticide application
increased grain yield by an average of 119.1%, with a range of 11.6% (Nyekundu) to 662.5%
(Macho). Variety KVU 419 had the highest grain yield under no spray treatment followed by
Nyekundu, while Macho and Kaima koko had the lowest yield under the same treatment. In
sprayed plots, Macho, KVU 419 and Nyeupe had the highest grain yield while K80,
Kutambaa, Khaki and Nyekundu had the lowest. Grain yield varied from 0.16 t ha™* (Macho)
t0 0.88 t ha™ (KVU 419) in unsprayed plots and from 0.64 t ha™ (K80) to 1.22 t ha™* (Macho)

in insecticide sprayed plots.

5.4.5 The linear regression relationships between grain yield and pest damage, number of
pods per plant, number of grains per pod and 100-grain weight.

Linear regression relationship between grain yield and pest damage at pre-flowering and at
flowering, respectively, was positive (Figure 5.1 and 5.2). In contrast, the linear regression
relationships between grain yield and pod borer damage was negative R? =0.524) (Figure

5.3).
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5.5 Discussion

5.5.1 Effects of variety and insecticide spray application on pest damage of cowpea at pre-
flowering, flowering and podding stages

The major pests at pre-flowering stage included leafhoppers, bean fly, aphids and foliage
beetles. The presence of many insect pest species at pre-flowering stage is a feature of
cowpea (Karungi et al., 2000). In the current study, all the varieties tested had more than 50%
pest damage. According to Asante et al., (2001), losses in foliage attributed to field pests of
cowpea ranged from 20% to almost 100%. Insecticide application reduced pest damage at
pre-flowering stage by 23.5%. This finding is in agreement with previous reports by Egho
(2010) and Isubikalu et al., (2000) who indicated that spraying with an insecticide
significantly reduced cowpea pest damage at pre-flowering stage. That there were no
differences in pre-flowering pest damage among the varieties suggests that none of the 11
varieties tested was resistant to the pre-flowering pests. Insecticide spray application is

therefore an important strategy for reducing pre-flowering insect pests in coastal lowland
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Kenya. At flowering stage the major pests were cowpea flower thrips (Megalurothrips
sjostedti), which joined forces with the pests that were already causing insect damage from
the pre-flowering stage. Jackai and Daoust, (1986) reported that the yield of cowpea is low in
tropical Africa due to major post flowering pests such as flower bud thrips, Megalurothrips
sjostedti Tryb. In the current study, insecticide application significantly reduced cowpea pest
damage at flowering by 20.6%. Oparaeke et al., (2005) reported that complete crop failure
may occur where insecticide protection is not introduced especially for improved, high
yielding varieties. All the cowpea varieties tested had more than 50% pest damage and none
of them showed resistance to insect damage at flowering. Control of these pests using

insecticides or other methods is therefore crucial for sustainable cowpea production.

The major pests at podding stage were the legume pod borer (Maruca testulalis) and the pod
sucking bugs, particularly the green vegetable bug (Nezara viridula), large brown bean bug
(Riptortus serripes), and small brown bean bug (Melanacanthus scutellaris). Karungi et al.
(2000) and Amatobi (1995) have shown that pod borers and pod sucking bugs are the most
important pests of cowpeas. The legume pod borer (Maruca testulalis) is the most important
lepidopterist cowpea pest and causes severe damage (Singh and Allen, 1980). Insecticide
application significantly reduced insect damage at podding by 49.9%, with decreases in
damage ranging from 37.5% in Macho and Kaima koko to 66.8% in Nyekundu. Under
insecticide spray the insect damage ranged between >25% and <50% for all the varieties. The
reduction in pest damage due to insecticide spray was higher at podding stage than at pre-
flowering and flowering stages. The finding of the current study indicates that insecticide
spray at podding stage is more critical than at pre-flowering and flowering stages. This
finding is in agreement with the findings of Egho and Enujeke (2012) who reported
significant reduction in pod borer damage in Nigeria when cowpea plants were treated with

dimethoate pesticide. In Kenya a report indicates losses of up to 80% occur on indigenous
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cowpea varieties as a result of pod borer attack (Okeyo-Owuor et al., 1983). The observations
in the current study imply that application of pesticide is necessary for sustainable cowpea
production in the region. There were no varietal differences in pod borer damage for all
cowpea varieties evaluated. In contrast, Veerappa (1998) reported significant differences in
pod borer damage among 45 cowpea varieties. The author noted that tolerant genotypes had
higher phenol and tannin content than the susceptible ones. Phenol compounds are mainly
concentrated in the seed coat (Preet and Punia, 2000). Based on seed coat color, the white
varieties in the current study were expected to be more suscetiple to pod borer damage than
the black, red, and light brown varieties which are associated with high phenol and tannin
contents (Morrison et al., 1995). This implies that phenol and tannin contents in the pods of
the 11 varieties may not have been significantly different. There is need to breed for
resistance to cowpea pod borer by introgressing genes from resistant cowpea germplasm into

existing high yielding, farmer preferred cowpea varieties.

5.5.2 Effects of variety and insecticide spray application on number of pods per plant,
grains per pod, 100-grain weight and grain yield of cowpea

Insecticide application significantly increased the average number of pods per plant, grains
per pod, 100-grain weight and grain yield of cowpea by 57.7%, 102.1%, 41.43% and 119.1%,
respectively. These findings are in agreement with Dzemo et al., (2010) who indicated that
application of insecticides once at flower budding, early podding and pod filling significantly
reduced pod and seed damage, resulting in substantial increase in the number of pods per
plant, seeds per pods, seed weight and grain yield. According to Ahmed et al., (2014),
insecticide sprays adequately protected cowpea pods from damage by the insect pests,
thereby significantly increasing grain yield. The response of grain yield and yield
components to insecticide applicaction varied with variety. The percent increase due to spray

application ranged from 6.6% (Mwandato) to 135% (Macho) in number of pods per plant,
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2.83% (K80) to 125.76% (Kutambaa) in 100-grain weight and 11.6% (Nyekundu) to 662.5%
(Macho) in grain yield. This suggests that some varieties were either less affected by pests
than others or less responsive to insecticide application. The varieties that showed modest
response to insecticide application were Nyekundu (11.6%), KVU 419 (34.1%), Khaki
(39.2%) and K80 (45.5%) whereas those that exhibited huge responses were Macho
(662.5%), Kaima koko (411.1%), Nyeupe (251.5%) and M66 (208.8%). The cowpea varieties
which were highly responsive to insecticide application could be used to stabilize cowpea

grain yield in the coastal region of Kenya.

Linear regression relationship between grain yield and pod borer damage was negative while
that between grain yield and pest damage (at both pre-flowering and flowering stages) highly
positive. The positive linear regression relationship between grain yield and pest damage at
pre-flowering and flowering stages observed in this study is in agreement with the findings of
Rahman et al., (2008) who reported impressive crop grain yields due to 50% defoliation
intensity imposed at the flowering stage. This could be attributed to the fact that pest damage
at pre-flowering may stimulate compensatory growth in cowpea (Jackai et al., 2001). Many
studies on crop growth have concluded that the impact of defoliation on crop yield depends
on the extent of insect pest damage (lbrahim et al., 2010). Pest control in cowpea at pre-
flowering and flowering stages may not be very critical due to the compensatory growth.
Abudulai and Shepard (2001) reported that early pod-fill is the most susceptible stage to damage
by pod-sucking bugs in cowpea. The results of these studies suggest that if insecticides must be
applied, it would be most effective when it is done at early pod-fill stage. The increase in yield
components such as the number of pods per plant, number of grains per pod and 100-grain
weight as a result of insecticide spray application contributed to increased grain yield. This is
supported by the positive linear regression relationship between these yield components and

grain yield. Ceyhan and Aliavci (2005) made a similar observation.
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5.6 Conclusion

Insecticide application significantly reduced insect pest damage at pre-flowering, flowering
and podding stages resulting in increase in cowpea growth parameters, yield and yield
components. All the cowpea varieties evaluated were similarly affected by insect pests. For
successful production of cowpea in the region, application of insecticides is necessary. The
cowpea varieties which were highly responsive to insecticide application namely Macho,
Kaima koko, Nyeupe and M66 could be used to stabilize cowpea grain yield in coastal

lowland Kenya.
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CHAPTER SIX: EFFECT OF CROPPING SYSTEM ON SOIL MOISTURE
CONTENT, CANOPY TEMPERATURE, GROWTH AND YIELD

PERFORMANCE OF MAIZE AND COWPEA

6.1 Abstract

Over 90% of small scale farmers in the coastal lowland Kenya intercrop or relay crop maize
and cowpea during the long rains season. An experiment was carried out at Pwani University
and Kenya Agricultural and Livestock Research Organization-Mtwapa to determine the
effects of intercropping on soil moisture, canopy temperature and yield performance of
maize-cowpea intercrops in the coastal lowland of Kenya in 2011 and 2012. The trial was
laid out in a randomized complete block design and replicated three times. Data collected
included: soil moisture content, canopy temperature, weed biomass, chlorophyll content,
percent ground cover, leaf number, plant height, grain weight and grain yield for both maize
and cowpea. Cowpea root nodule number, number of pods per plant, number of grains per
pod and grain yield, maize ears per plant and stover yield were also determined. Data
collected were analyzed using the general linear model (GLM) procedure for analysis of
variance using SAS statistical package. Where the F values were significant, means were
compared using the least significant difference (LSD) test at p = 0.05. Sole cowpea plots and
maize-cowpea intercrop plots had higher moisture content than sole maize plots.
Intercropping reduced chlorophyll content, weed biomass, growth attributes (leaf number,
plant height and ground cover), yield and yield components of maize and cowpea, but
increased canopy temperature and cowpea nodule numbers. Land equivalent ratios for Lamu-
cowpea and DHO4-cowpea intercrops were 1.23 and 1.49, respectively. Intercropping

enhanced moisture retention and was more productive than sole cropping.

80



6.2 Introduction

Maize (Zea mays L.), a staple food in Kenya, is produced by mostly small scale farmers who
have little capacity to produce it efficiently. The small scale farmers form the largest portion
of over 80% of the total Kenyan farmers (Booker, 2010). Cereal-legume intercropping plays
an important role in subsistence food production in both developed and developing countries,
especially in situations of limited water resources (Dahmardeh et al., 2010). It alters the
abiotic and biotic features of an agro-ecosystem and could alter the life cycle of pests such as
weeds (Banik 2006). A cropping system that reduces weed population may provide a weed

suppressive foundation upon which cultural weed control could be laid (Tsubo et al., 2005).

Cowpea is frequently intercropped with cereals where it contributes to the maintenance of
soil fertility (Carsky et al., 2001). Over 90% of small scale farmers in the coastal lowland of
Kenya intercrop or relay maize and cowpea during the long rains season (Saha et al., 1993).
The ability of legumes to fix nitrogen through symbiosis with species of rhizobia gives them
special value in low input agriculture (Saha et al., 1993; Giller, 2001). By incorporating
cowpea into the cropping systems, farmers in the region have for long utilized biologically
fixed nitrogen to maintain soil fertility but the yields have not stabilized. The individual crops
that constitute an intercrop can differ in their use of resources spatially, temporally, or in
form, resulting in overall more complementary and efficient use of resources than when they
are grown in sole cropping; thus decreasing the amount available for weeds (Hauggard-
Nielsen et al., 2001). For example, when growing pea and barley in intercrops, Hauggard-
Nielsen et al. (2006) found that there was an increased efficiency in utilizing environmental
resources for plant growth and a better competitive ability towards weeds as compared to sole
crops. Baumann et al. (2000) reported that intercropping increases light interception by the
weakly competitive component and can, therefore, shorten the critical period for weed control
and reduce growth and fecundity of late-emerging weeds. The apparent increased
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competitiveness of intercropping systems makes them potentially useful for integration into
low in-put farming systems in which options for chemical weed control are reduced or non-

existent (Szumigalski and Van Acker, 2005).

The advantages of intercropping over monocropping include soil conservation, lodging
resistance, yield increment (Anil et al., 1998) and weed control (Banik et al., 2006). Yields of
intercropping are often higher than in sole cropping systems (Lithourgidis et al., 2006)
mainly due to resources such as water, light and nutrients that can be utilized more effectively
than in sole cropping systems (Li et al., 2006). When two crops are planted together, intra
and/or inter specific competition or facilitation between plants may occur (Zhang and Li,
2003). Competition among the mixtures is thought to be a major aspect affecting yield as
compared with sole cropping of cereals (Ndakidemi, 2006). Land equivalent ratio has been
used to determine the intercropping system advantages (Yilmaz et al., 2008). According to
Naresh et al., (2014) reported reduced canopy temperature in maize-wheat intercropping
system. In the coastal lowland region of Kenya the growth, canopy temperature, chlorophyll
content and yield performance of different maize and cowpea varieties under intercrop
systems have not been evaluated. Therefore, the objective of this study was to determine the
effect of intercropping on soil moisture content, canopy temperature, chlorophyll content and

yield performance of maize-cowpea intercrops in the coastal lowland Kenya.

6.3 Materials and Methods

6.3.1 Study site

The study was carried out at Pwani University (PU) and Kenya Agricultural and Livestock
Research Organization (KALRO)-Mtwapa both located in Kilifi County in the coastal region
of Kenya. Pwani University is located 60 km north of Mombasa between latitudes 3° S and 4°

S and longitudes 39° E and 40° E. Kenya Agricultural and Livestock Research Organization
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(KALRO)-Mtwapa is situated at 30 m above sea level (a.s.l), 39.219° E and 4.347° S, 20 km
north of Mombasa (Jaetzold et al., 2012). The two sites are situated in coastal lowland zone 4
(CL4). The region receives an average annual rainfall of 600—-1100 mm that comes in two
seasons (Sombroek et al., 1982). The long rains are received in March/April and continue up
to August while the short rains are received in October, November and December. The long
rains season is the most important cropping season as it receives 75% of the annual rainfall
(Saha, 2007). The sites have mean monthly minimum and maximum temperatures of about
22°C and 30°C, respectively, and mean relative humidity of 80% (Jaetzold et al., 2012). The
rainfall, temperature and relative humidity experienced at the Kilifi and Mtwapa sites during
the experimental period are shown in appendix 1. According to Sombroek et al., (1982), the
soils in coastal lowland Kenya are mostly ferralsols. These soils have low organic matter
content, are deficient in essential plant nutrients (especially nitrogen), prone to leaching, and
have a pH ranging between 5 and 7 (Mureithi et al., 1995). The soil characteristics of Pwani

University research farm and KALRO Mtwapa are shown in appendix 2.
6.3.2 Experimental design, treatments and crop husbandary

The experiment was set up in a randomized complete block design with three replications.
Treatments consisted of two drought tolerant and insect resistant maize varieties (Lamu and
DHO04) which were either sole cropped or intercropped with cowpea variety Nyeupe. The
experimental plot size was 5 m x 5 m. The spacing for sole maize was 100 cm x 50 cm with
two plants per hill, while the spacing for sole cowpea was 60 cm x 30 cm with two plants per
hill. For the intercrop, the cowpea was planted in between the maize rows. All the
experimental plots were hand weeded at 4 and 8 weeks after planting maize, as recommended
in the coastal region (Gacheru et al., 1993). Maize stem borer was controlled using Bulldock
(0.5 g/kg Beta cyfluthrin) at 2 kg per Ha (or a pinch into the funnel of the plant at knee height
stage when there is adequate moisture). Triple superphosphate was applied to sole maize and
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intercropped maize at planting using the recommended rate of 100 kg ha™* (46 kg P,Os ha™).
The maize was later top-dressed with nitrogen at 30 kg N/ha in form of calcium ammonium
nitrate in two splits: 18 kg N ha™ at first weeding and 12 kg N ha™ at top-dressing during the

second weeding according to Saha and Muli (2002).
6.3.3 Data collection

Data collected included: soil moisture content, canopy temperature, weed biomass,
chlorophyll content, percent ground cover, leaf number, plant height, grain weight and grain
yield for both maize and cowpea. Cowpea root nodule number, numbers of pods per plant,
number of grains per pod and grain yield was determined. The methods of data collection for
all the aforementioned parameters were as indicated in chapter four. For maize ears per plant
and maize stover yield were also determined. To determine the number of nodules per plant,
five cowpea plants were dug out with all the roots, dipped in water to remove the soil and

root nodules counted. Land equivalent ratios were calculated as indicated in 6.3.3.2.
6.3.3.1 Soil moisture determination

A neutron probe was used to determine the soil moisture level. Access tubes were installed in
every experimental plot after land preparation. The tubes were installed up to 100 cm depth
so that data could be collected up to 80 cm soil depth. A portion of the tube, about 50 cm
long, was left protruding above ground level to allow for the positioning of the neutron probe
while taking moisture reading. Moisture data was taken at Kilifi site for two seasons. Since
all the parameters measured in the experiments had similar trend at kilifi and at mtwapa sites,

it was assumed this must be same for soil moisture content.

Soil moisture content was measured at booting, silking and maturity stages in all the
experimental plots. Soil samples were collected within the net-plot area of each plot using a

hand auger. Care was taken to avoid collecting samples for previous sampling positions. Soil
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columns from 20, 40, 60 and 80 cm depth were taken from within the experimental plots and
bare ground outside the experimental plots. Each soil column was immediately placed in a
pre-weighed moisture can and sealed using an air tight lid. The loaded moisture cans were
taken to the laboratory where each was weighed, its lid removed and fitted to the bottom, and
then placed in an oven. The soil samples were oven-dried at 105°C for 48 hours and weighed.

Soil moisture content on dry-matter basis (O4w) Was calculated using the following formula:

Where W,s = Weight of moist soil and Wy = weight of dry soil.

Volumetric moisture content (6y) was then derived using the following

8, = E x By,
Where Py is bulk density of the soil, and Py, is the density of water that is usually taken as unit
in g cm® units. Four extra access tubes were installed within the experimental field for the
calibration of the neutron probe. During each day set for soil moisture determination, probe
readings (counts) were taken at the specified soil depths using one of the extra four access
tubes. At the same time, soil samples were collected from the specified soil depth within 30
cm radius around the access tube and used to determine moisture content using the
gravimetric procedure. Just before the start of data collection from the experimental plots, the
carrying case was placed on flat ground within the field and the probe placed on the
nameplate depression on top of the case. A standard count was then taken. Boart Longyear
Company (1995) defined standard count as a measurement of neutrons which have lost
significant energy by collision with the hydrogen in the wax in the shield within the body of
the carrying case. The standard count, when taken in the same manner each time, provides

means of checking the validity of the counting function.
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The procedure for taking the standard count was repeated immediately after data collection
from the experimental plots. The two readings for the standard counts were then averaged to
give the mean standard count. Count ratios were then calculated as ratios of the probe
readings for given depths to the corresponding mean standard counts. The moisture content of
the soil surrounding the access tube used for probe calibration (determined by the gravimetric
method) was then plotted against the count ratios, using the Microsoft Excel program. The
regression curve obtained (Figure 6.1) was used to convert the neutron probe data to

volumetric moisture content (©y) of the soil.
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Figure 6.1 Soil moisture calibration curve
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Figure 6.2: Amount of rainfall received during the growth stages. Arrows indicate the time
when soil moisture content data was determinedusing a neutron probe

6.3.3.2 Land equivalent ratio
The land equivalent ratios (LER) were determined according to the formula indicated below

(Mead and Willey, 1980):

LER=LA+LE= W‘+YB
B "~ SA SB

LA and LB are the LERs for the individual crops (maize and cowpea respectively). YA and
YB are the individual crop yields in intercropping, where SA and SB are their yields as sole

crops.
6.3.4 Data analysis

Collected data were analyzed by the general linear model (GLM) procedure for analysis of
variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =

0.05.
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6.4 Results
6.4.1 Effects of cropping system on soil moisture content

The cropping system had significant effect on soil moisture content at 20, 60 and 80 cm soil
depths, but not at 40 cm soil depth (Table 6.1). At 20 cm, sole cowpea plots had higher
moisture content than sole maize crop plots and maize-cowpea intercrop plots at maize
booting, silking and maturity. Lamu-cowpea intercrop plots had significantly lower moisture
content than DHO04-cowpea and sole DHO04 plots. Sole crops maize had lower moisture
content than maize-cowpea intercrops. Sole Lamu maize variety plots had the lowest

moisture content compared to other cropping systems.

Table 6.1: Effect of cropping systems on soil moisture content (% per volume)at 20, 40, 60
and 80 cm at different growth stages

Cropping Boot Silk  Maturity Boot Silk  Maturity
system 20 cm Soil depth 40 cm soil depth
Sole cowpea 1654 17.11 15.41 18.77 22.88 22.97
Sole Lamu 1264  11.58 11.34 16.78 1751 16.53
Sole DHO04 1555 1341 13.65 15.86 21.49 20.62

Lamu-— cowpea 13.28  12.75 12.38 17.46 19.44 18.98
DHO04-cowpea 1555 14.58 14.42 16.41  23.01 21.9

P-value 0.0001 0.0001 0.0001 0.1515 0.0975 0.1199
LSDg 05 0.72 0.62 0.53 NS NS NS
CV (%) 2.66 2.37 2.08 7.57 11.64 13.57
60 cm Soil depth 80 cm soil depth
Sole cowpea 2355 28.45 25.49 28.6 29.19 25.51
Sole Lamu 19.76  25.52 27.54 25.51 28.61 29.57
Sole DH04 18.48  19.87 23.35 23.38 2542 24.36

Lamu — cowpea 2355 28.33 26.64 27.56  29.52 27.59
DHO04-cowpea 2251  24.66 23.49 26.27  27.18 23.64

P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
LSDg.05 0.54 0.5 0.48 0.53 0.49 0.51
CV (%) 1.31 1.04 1.01 1.06 0.92 1.04

In most stages, sole crop of maize had higher moisture content than maize cowpea intercrop.

At 60 and 80 cm depths, sole cowpea had similar moisture content as Lamu-cowpea intercrop
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at most growth stages. Lamu-cowpea intercrop plots and sole Lamu plots had higher moisture
content than DHO4-cowpea intercrop and sole DHO4 plots respectively. Sole cowpea plots

had higher moisture than sole maize and DHO04-cowpea plots.
6.4.2 Ground cover, weed biomass and canopy temperature

The cropping system had significant effects on crop ground cover, weed biomass and canopy
temperature (Table 6.2). Sole cowpea had higher percent ground cover than sole maize crops
and Lamu-cowpea intercrop in both sites. In Kilifi, intercrops had higher percent ground
cover than sole maize crops while in Mtwapa the converse was the case. Lamu-cowpea
intercrop had significantly lower ground cover than DHO04-cowpea intercrop in Mtwapa.
Ground cover in Kilifi was 40.3% higher than in Mtwapa. Maize—cowpea intercrops and sole
cowpea had significantly lower weed biomass than sole maize in both sites. No differences in
weed biomass were noted between DHO4-cowpea and Lamu-cowpea intercrops and between

DHO4 and Lamu sole crops.

Table 6.2: Effects of cropping systems on ground cover, canopy temperature and weed
biomass at Kilifi and at Mtwapa sites during July — October 2011/2012 season

Cropping system Ground cover Weed biomass Canopy temp
(%) (t/ha) (0 C)

Kilifi ~ Mtwapa Kilifi Mtwapa Kilifi ~ Mtwapa
Sole cowpea 86 61.03 0.05 0.03 29.67 26.27
Maize var. Lamu-cowpea 77.87 32.87 0.06 0.05 26.50 27.82
Maize var. DHO4-cowpea 84.93 34.43 0.08 0.04 28.87 26.44
Sole maize var. Lamu 67.07 46.37 0.15 0.07 24.30 24.33
Sole maize var. DH 04 7443 58.47 0.13 0.07 26.40 24.31
P-value 0.0001 0.0001 0.0001 0.0001 0.002 0.0001
LSDg .05 3.27 0.55 0.02 0.009 1.89 0.58
CV (%) 2.22 0.63 1091 941 3.70 1.20

* DHO04 = Dryland Hybrid 04; temp = temperature

Weed biomass in Kilifi was 50% higher than in Mtwapa. Intercropping systems had

significantly higher canopy temperatures than sole maize cropping systems in both sites.
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Canopy temperature of sole cowpea was not significantly different from canopy temperature
of DHO04-cowpea intercrop in both sites. In Kilifi, DHO4-cowpea intercrop and sole cowpea
had higher canopy temperature, than sole maize crops and Lamu—cowpea intercrop. In
contrast, Lamu-cowpea intercrop had the highest canopy temperature in Mtwapa. Canopy

temperatures in Mtwapa were 4.9% lower than in Kilifi.
6.4.3 Cowpea chlorophyll content and leaf number

Chlorophyll content and leaf number of cowpea were significantly affected by cropping
systems (Table 6.3). Cowpea chlorophyll content in Lamu-cowpea intercrop was significantly
lower than for sole cowpea and DHO04-cowpea intercrop. Cowpea chlorophyll content in
Kilifi was 4.8% higher than in Mtwapa. Intercropped cowpea had significantly lower leaf
number per plant than sole cowpea in both sites. In Kilifi, DHO4-cowpea intercrop system
had a higher cowpea leaf number per plant than Lamu-cowpea intercrop system, while the
converse was the case for Mtwapa. Cropping systems in Kilifi had 25.6% higher cowpea leaf

numbers than in Mtwapa.

Table 6.3: Effects of cropping systems on cowpea chlorophyll content and leaf number at
Kilifi and at Mtwapa sites during July — October 2011/2012 season

Cropping system Chlorophyll content Cowpea leaf

(Index) number/plant

Kilifi Mtwapa Kilifi Mtwapa

Sole cowpea 51.60 45.87 65.70 31.47
Maize var. Lamu-cowpea 46.37 46.60 18.90 26.50
Maize var. DHO4-cowpea 50.90 48.60 23.60 22.57
P-value 0.01 0.12 0.0001 0.0002
LSDg .05 2.63 2.87 2.83 1.47
CV (%) 2.34 2.69 3.46 2.41

* DHO4 = Dryland Hybrid 04
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6.4.4 Maize chlorophyll content and leaf number

The cropping system significantly affected maize chlorophyll content (Table 6.4). In Kilifi,
intercropped maize had significantly higher chlorophyll content than sole maize. However, in
Mtwapa intercropped Lamu maize was not significantly different from sole maize. DHO4-
cowpea intercrop system had higher maize chlorophyll than Lamu-cowpea intercrop system
in both sites. Mean maize chlorophyll contents in Kilifi and Mtwapa were similar. The

cropping systems had no significant effect on the maize leaf number in Kilifi.

Table 6.4: Effect of cropping system on maize chlorophyll content and leaf number at Kilifi
and at Mtwapa sites during July — October 2011/2012 season

Cropping system Chlorophyll content Maize leaf number/plant
(Index)

Kilifi Mtwapa Kilifi Mtwapa
Maize var. Lamu-cowpea 43.50 42.50 12.17 11.73
Maize var. DHO4-cowpea 49.30 45.47 11.47 8.63
Sole maize var. Lamu 38.57 43.53 11.07 11.63
Sole maize var. DH 04 42.23 42.03 12.47 8.47
P-value (CPS) 0.0002 0.0721 0.2039 0.0001
LSDo 05 2.28 2.66 Ns 0.60
CV (%) 2.63 3.06 6.51 2.95

* DHO4 = Dryland Hybrid 04

In contrast, in Mtwapa sole cropped and intercropped maize variety Lamu had higher maize
leaf numbers than sole cropped and intercropped maize variety DHO04. Kilifi had 14.2%

higher maize leaf numbers than Mtwapa.
6.4.5 Plant height of cowpea and maize

Cropping systems significantly reduced plant height of cowpea and maize (Table 6.5). In
Kilifi, sole cowpea had significantly higher plant height than intercropped cowpea while
Lamu-cowpea intercrop system had the least cowpea plant height. In Mtwapa there was no

significant difference between plant height of sole crop cowpea and intercropped cowpea in
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the DHO4-cowpea intercrop system. Plant height in Kilifi was 7.2% higher than in Mtwapa.
Plant height in sole crops was significantly higher than in intercrops in both sites. Maize plant
height in Lamu-cowpea and DHO04-cowpea intercrops was not significantly different in Kilifi.
However, in Mtwapa maize variety Lamu intercropped with cowpea was 31.9% taller than
maize variety DHO4 intercropped with cowpea. Maize plant height in Kilifi was 15.2%

higher than in Mtwapa.

Table 6.5 Effect of cropping system on plant height of cowpea and maize at Kilifi and at
Mtwapa sites during July — October 2011/2012 season

Cropping system Plant height (cm) Maize plant height (cm)
Kilifi Mtwapa Kilifi Mtwapa

Sole cowpea 40.63 28.60 - -

Maize var. Lamu-cowpea 24.60 29.93 160.23 157.87

Maize var. DHO4-cowpea 29.53 29.43 164.57 107.50

Sole maize var. Lamu , , 188.83 199.20

Sole maize var. DH04 _ _ 178.77 122.40

P-value 0.0003  0.052 0.001 0.0001

LSDg .05 3.05 1.02 9.38 0.85

CV (%) 4.26 1.53 2.71 0.29

* DHO04 = Dryland Hybrid 04

6.4.6 Cowpea root nodules number, pods per plant and grains per pod

Intercropping significantly increased the number of cowpea root nodules, number of pods per
plant and number of grains per pod in both sites (Table 6.7). Cowpea intercropped with Lamu
and DHO04 had the highest number of root nodules in Kilifi and Mtwapa respectively. Kilifi
had 95% higher number of root nodules than Mtwapa. Cowpea intercropped with DHO04 had
a higher number of pods per plant than cowpea intercropped with Lamu. The number of pods
per plant in Kilifi was 68.9% higher than in Mtwapa. Intercropping significantly increased
the number of grains per pod in both sites for Lamu-cowpea but not for DHO4-cowpea in

Mtwapa (Table 6.7). Cowpea intercropped with Lamu had a higher number of grains per pod
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than sole cowpea in both sites. In Mtwapa, sole cowpea had higher number of grains per pod
than cowpea intercropped with DHO4. The number of grains per pod in Kilifi was 67.2%

higher than in Mtwapa.

Table 6.6: Effect of cropping system on number of cowpea root nodules, pods per plant and
grains per pod at Kilifi and at Mtwapa sites during July — October 2011/2012 season

Cropping system Root nodules Pods per plant Grains per pod
(number) (number (number)

Kilifi ~ Mtwapa Kilifi Mtwapa Kilifi Mtwapa

Sole cowpea 7.67 15.33 7.83 2.9 10.7  3.67
Maize var. Lamu-cowpea 12.03 20.33 8.93 3.4 13.73 5.2
Maize var. DHO4-cowpea 10.9 24 1443 34 12.27 3.17
P-value 0.0003 0.0002 0.0001 0.009 0.019 0.0004
LSDy 05 0.86 1.51 0.41 0.26 1.69 042
CV (%) 3.71 3.35 1.76 3.57 6.11 4.63

* DHO04 = Dryland Hybrid 04
6.4.7 Number of ears per plant and 100-grain weight of maize

Numbers of ears per plant and grain weight of maize were significantly affected by cropping
system (Table 6.8). Sole crops had a significantly higher number of maize ears per plant
(EPP) than intercrops in Kilifi. Cropping systems had no significant effect on EPP in

Mtwapa. The number of EPP in Kilifi was 62.7% higher than in Mtwapa.

Table 6.7: Effect of cropping system on number of ears per plant and 100-grain weight of
maize at Kilifi and at Mtwapa sites during July — October 2011/2012 season

Cropping system Maize ears per plant Maize 100-grain wt
(number) (9)

Kilifi Mtwapa Kilifi Mtwapa
Maize var. Lamu-cowpea 0.56 0.24 36.53 11.63
Maize var. DHO4-cowpea 0.47 0.19 31.43 12.35
Sole maize var. Lamu 0.66 0.22 37.60 13.73
Sole maize var. DH 04 0.67 0.22 37.67 12.94
P-value (CPS) 0.008 0.789 0.046 0.002
LSDo 05 0.1 Ns 2.81 0.58
CV (%) 8.59 24.03 3.92 2.28

* DHO4 = Dryland Hybrid 04
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Maize grain weight was significantly affected by the cropping system (Table 6.8). Weight of
100-grains of intercropped DHO04 maize was lower than for sole DHO4 and Lamu crop maize
at Kilifi. Maize variety Lamu intercropped with cowpea had the lowest maize 100-grain
weight. At Mtwapa, intercropped maize had lower 100-grain weight than sole maize. The

weight of maize 100-grains in Kilifi was 64.7% higher than in Mtwapa.
6.4.8 Cowpea 100-grain weight and grain yield

Intercropping significantly reduced cowpea 100-grain weight when cowpea was intercropped
with maize variety Lamu (Table 6.9). There was no significant difference between sole crop
cowpea and cowpea intercropped with DHO4 in Kilifi. In Mtwapa, cowpea intercropped with
DHO04 had the highest 100-grain weight. In Kilifi, cowpea grain weight was 63.1% higher
than in Mtwapa. Intercropping system significantly reduced cowpea grain yield by 44 — 46%
in Kilifi and 50% in Mtwapa (Table 6.9). Cowpea grain yield for intercrops was not
significantly different in both sites. Kilifi had 69% higher cowpea grain yields than in

Mtwapa.

Table 6.8: Effect of cropping system on cowpea 100-grain weight and grain yield at Kilifi
and at Mtwapa sites during July — October 2011/2012 season

Cropping system Cowpea 100-grainwt ~ Cowpea grain yield

Q) (t/ha)

Kilifi Mtwapa Kilifi Mtwapa

Sole cowpea 13.80 5.02 0.41 0.14
Maize var. Lamu-cowpea 12.71 4.64 0.22 0.07
Maize var. DHO4-cowpea 13.74 5.20 0.23 0.07
P-value (CPS) 0.012 0.0001 0.002 0.011
LSDo o5 0.60 0.08 0.06 0.04
CV (%) 1.97 0.71 9.01 18.68

* DHO04 = Dryland Hybrid 04
6.4.9 Maize stover yield and grain yield
The cropping system significantly reduced maize grain yield and stover yield in both sites

(Table 6.10). Intercropped Lamu maize variety had 24 — 31% lower maize grain yield than
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when sole cropped in both sites. In Kilifi, grain yields of sole DHO04, sole Lamu and
intercropped DHO04 were not significantly different. In Mtwapa sole maize variety DH04 had
the highest maize grain yield of 0.89 t/ha. Maize grain yield in Kilifi was 61.4% higher than
in Mtwapa. Maize variety DHO4 intercropped with cowpea had the lowest maize stover yield
in both sites. In Kilifi, maize variety Lamu intercropped with cowpea, sole cropped Lamu and
sole cropped DHO04 were not significantly different. Intercropping reduced maize stover by

42 — 46% in DH04 and 14% in Lamu.

Table 6.9: Effect of cropping system on maize stover yield and grain yield at Kilifi and at
Mtwapa sites during July — October 2011/2012 season

Cropping system Maize grain yield Maize stover yield
Kilifi Mtwapa  Kilifi Mtwapa
----------------- (t'ha)----------------
Maize var. Lamu-cowpea 1.68 0.63 4.82 1.77
Maize var. DHO4-cowpea 2.24 0.86 2.73 1.35
Sole maize var. Lamu 245 0.83 4.39 2.05
Sole maize var. DH 04 2.41 0.89 5.04 2.33
P-value 0.001 0.0001 0.017 0.0001
LSDg .05 0.26 0.03 0.82 0.03
CV (%) 5.99 2.00 9.66 0.74

* DHO04 = Dryland Hybrid 04
In Mtwapa, the cropping system with the highest maize stover yield was sole maize variety

DHO04 with 2.33 t/ha. Maize stover yield in Kilifi was 59.7% higher than in Mtwapa.
6.4.10 Land equivalent ratio

Land equivalent ratio was not significantly affected by cropping systems at both sites. Land
equivalent ratios for Lamu-cowpea intercrop ranged from 1.23 (Mtwapa) to 1.24 (Kilifi)
while that for DHO4-cowpea intecrop ranged from 1.47 (Mtwapa) to 1.33 (Kilifi) (Table

6.11).
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Table 6.10 Land equivalent ratios of cropping systems in Kilifi and Mtwapa at Kilifi and at
Mtwapa sites during July — October 2011/2012 season

g system Kilifi Mtwapa
LER LER
Lamu - cowpea 1.24 1.23
DHO04 - cowpea 1.33 1.47
P-value 0.628 0.198
LSDg o5 Ns Ns
CV (%) 15.18 11.79

LER = Land equivalent ratio

6.5 Discussion
6.5.1 Effect of intercropping on soil moisture content

The study has shown that at 20 cm depth, sole cowpea plots had higher moisture content than
sole maize crop plots and maize-cowpea intercrop plots at maize booting, silking and
maturity stages. Maize-cowpea intercrop plots had higher soil moisture content than sole
maize crop plots. Ghanbari et al., (2010) reported higher soil moisture content in sole cowpea
and maize-cowpea intercrop plots than in sole maize plots. This was attributed to the fact that
sole cowpea and maize-cowpea intercrops, which had higher groundcover and shading effect
than sole maize, reduced water evaporation thereby enhancing moisture conservation. The
current results could also be attributed to the fact that maize has higher water requirements
than cowpea which is adapted to drought stress (Filho, 2000). A study by Gao et al., (2010)
indicated that lateral growth of maize and legume roots in the intercropped plots occurred
mainly in the top 16-22 cm layer, or just above the plough pan. The soil moisture content
below the root levels was not perhaps being transpired hence the increase in soil moisture
with increase in soil depth. Lamu-cowpea intercrop and sole Lamu maize plots had lower
moisture content than DHO4-cowpea intercrop and sole DH04 maize variety plots at 20 cm
depth; suggesting that Lamu variety exploited moisture in the top 20 cm better than DHO4

variety. At lower depths (60 and 80 cm), sole DHO4 and DHO04-cowpea intercrop crops
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depleted moisture more than sole cowpea, lamu-cowpea intercrop and sole Lamu crops. This
suggests that DHO4 maize variety roots exploited moisture in the lower layers of the soil
more than Lamu maize variety roots. Rooting depth is positively related to soil exploration
and greater acquisition of water from deep strata (Lynch and Wojciechowsk, (2015).
Genotypes with greater rooting depth are better able to exploit moisture stored from previous
season (Wasson et al., 2012). In most case, sole maize crop plots had lower moisture content
than maize-cowpea intercops. This could be attributed to the higher ground cover observed
under the maize-cowpea intercrop system than in the maize monocrop system. High ground
cover reduces water evaporation thereby improving soil moisture retention Ghanbari et al.,

(2010).
6.5.2 Canopy temperatures

The study demonstrated that maize-cowpea intercrop and sole cowpea canopies had raised
temperatures relative to maize sole crop canopies. Choudhary et al., (2012) reported higher
canopy temperatures in intercrops and sole cowpea than in sole maize. In this study sole
cowpea and intercrops had higher canopy temperatures than sole maize. The higher canopy
temperature in sole cowpea than sole maize could be attributed to the fact that maize
transpires much more than cowpea hence maize canopies become cooler than cowpea-maize

canopies (Belel et al., 2014).
6.5.3 Chlorophyll contents of cowpea and maize

Intercropping significantly reduced cowpea chlorophyll contents in both sites. The findings of
this study agreed with the report by Prasanthi and Venkateswaralu (2014) which indicated
that sole cropped legumes recorded higher total chlorophyll than intercropped legumes.
Under intercropped situation, maize by virtue of its faster and vigorous growth might have

dominated and utilized soil resources more efficiently, thereby suppressing cowpea plants.
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This could be the reason why cowpea chlorophyll content reduced under intercropping. In
this study intercropping increased maize chlorophyll content. The finding is in agreement
with the studies by Amini et al., (2013) and Prasanthi and Venkateswaralu (2014) who
reported that intercropped maize had higher maize chlorophyll content than pure stands.
Similarly a report by Dahmardeh et al., (2010) indicated that maize intercropped with cowpea
showed increases in the amount of nitrogen, phosphorus and potassium content as compared
to sole maize. Increases in N could be attributed to biological nitrogen fixation by the cowpea
and potential transfer of nitrogen to the associated maize intercrop (Matusso et al., 2014). In
this study, there was an increase in nodulation due to intercropping suggesting increased N-

fixation and available N for intercropped maize (Chemining’wa and Nyabundi, 1994).
6.5.4 Ground cover and growth parameters of cowpea and maize

Intercropping maize with cowpea significantly increased percent ground cover relative to sole
cropping. Previous studies showed that maize intercropped with cowpea had higher ground
cover than sole maize crops (Kariaga, 2004). Intercropping significantly reduced cowpea leaf
number and plant height. The reduction in growth parameters is in agreement with the study
by Lemlem (2013) who reported that intercropping legumes with maize significantly reduced
cowpea growth. This could be attributed to shading of cowpea by the taller maize crop
(Iderawumi, 2014). Cowpea was introduced 28 days after planting maize hence it could have
faced shading and increased competition from already established maize (Iderawumi, 2014).
The study has shown intercropping reduced maize leaf number, plant height and stover yield.
Undies et al., (2012) reported that intercropping maize with soybean reduced maize plant
height, number of leaves per plant and stover yield were below their sole crop values. This
was attributed to competition for resources by component crops. The intercrops had higher

percent ground cover at Kilifi than at Mtwapa possibly because there was less competition for

98



moisture (Lemlem, 2013) in Kilifi than in Mtwapa since the former received higher amounts

of rainfall than the latter (Appendix 1).
6.5.5 Weed biomass

The study indicates that intercropping resulted in significant percent reduction in weed
biomass compared to sole maize crop system in both sites. Eskandari and Kazemi (2011)
reported that intercrops were more effective in weed control than sole crops. This could be
attributed to weed suppression in intercropping systems through more efficient use of
environmental resources by component crops (Poggio, 2005). Under intercropping system
light interception and shading due to increased ground cover could be the main reason for
reduction of weed biomass (Ghanbari-Bonjar, 2000). The finding that intercropping
suppressed weed biomass in this study underscores the importance of intercropping maize
and cowpea as one of the weed management strategies in the coastal lowland Kenya.
Katsaraware and Manyanhaire (2009) reported reduction in weed biomass under maize-
cowpea intercropping system in Zimbabwe. In this study the increase in ground cover could

have resulted in weed suppression.
6.5.6 Cowpea root nodule number

The study has shown that intercrops had higher number of root nodules than sole crops in
both sites. This finding is in agreement with the findings of Cardoso et al., (2007) and
Lemlem (2013) who reported increases in the number of root nodules and nodule weight of
legumes under intercrops compared to sole crops. This may be associated with depletion of
nitrogen by the more competitive maize since nodulation and nitrogen fixation are enhanced
under low N conditions (Chemining’wa and Nyabundi, 1994). Root nodules in Mtwapa were
higher than in Kilifi. This could be because Kilifi received a higher amount of rainfall than

Mtwapa (Appendix 1) which may have enhanced maize growth causing increased shading of
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cowpea (Kombiok et al., 2005). Lamu maize variety was taller than DHO04 maize variety.
This could explain why DHO4 -cowpea intercrop had higher number of root nodules than
Lamu-cowpea intercrop in Mtwapa. Shading has been known to reduce nodule number (Egbe

etal., 2013).
6.5.7 Grain yield and yield components of cowpea and maize

Intercropping significantly reduced cowpea and maize grain yield and yield components. The
findings of this study are in agreement with the studies by Takim (2012) and Lemlem (2013)
who reported that intercropping legumes with maize significantly reduced cowpea and maize
grain yield and yield components. The reduction in cowpea grain weight and grain yield in
this study could be attributed to the reduction in cowpea leaf number and plant height under
intercropping system. Maize grain yield was higher when DHO04 maize variety was
intercropped with cowpea than when Lamu maize variety was intercropped with cowpea.
This could be attributed to the fact that DHO4 maize variety was an improved maize variety,
hence may be more efficient in utilization of soil resources. In the current study, DH04 maize

appeared to exploit water at lower soil depths better than Lamu maize variety.

Land equivalent rations (LER) for Lamu-cowpea and DHO04-cowpea intercrops were 1.24 and
1.33, respectively, in Kilifi and 1.23 and 1.47, respectively, in Mtwapa. This suggests that
intercropping maize and cowpea is more efficient and productive in the use of environmental
resources for plant growth than growing sole crops of maize and cowpea (Ghanbari et al.,
2010; Mead and Willey, 1980). Therefore the two maize-cowpea intercrops are both
beneficial and could be used to enhance land productivity in the region. However, DHOA4-

cowpea intercrop appears more productive than Lamu-cowpea intercrop.
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6.6 Conclusion

Intecropping increased soil moisture content at all growth stages in 20, 60 and 80 cm soil
depths. Although intercropping significantly reduced yield and yield components of cowpea
and maize, intercropped maize-cowpea had higher land productivity than monocropped
cowpea and maize respectively. Land productivity of DHO04-cowpea intercrop was higher

than for Lamu-cowpea intercrop in both sites.
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CHAPTER SEVEN: EFFECT OF COWPEA CROP RESIDUE MANAGEMENT ON
SOIL MOISTURE CONTENT, CANOPY TEMPERATURE, GROWTH AND YIELD

OF MAIZE - COWPEA INTERCROPS

7.1 Abstract

The major limitations to crop production in smallholder farms in Kenya are moisture stress
and declining soil fertility. Incorporation of crop residues into the soil or their use as surface
mulch has the potential of conserving moisture. A study was carried out at Pwani University
and Kenya Agricultural and Livestock Research Organization (KALRO)-Mtwapa in
2011/2012 to determine the effect of cowpea crop residue management on soil moisture
content, canopy temperature, growth and vyield of maize and cowpea intercrop. The
experiment was laid out in a randomized complete block design (RCBD), with a factorial
arrangement of treatments and replicated thrice. Data collected included: soil moisture
content, canopy temperature, weed biomass, chlorophyll content, percent ground cover, leaf
number, plant height, grain weight and grain yield of maize and cowpea. Cowpea root nodule
number, numbers of pods per plant, number of grains per pod, maize ears per plant and stover
yield were also determined. Data was analyzed using the general linear model (GLM)
procedure for analysis of variance using SAS statistical package. Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =
0.05. Application of crop residues (incorporated or mulched) increased soil moisture content
and chlorophyll content, growth attributes, yield and yield components of cowpea and maize,
but reduced canopy temperature and cowpea nodule number. The increase in cowpea and
maize grain yield in Kilifi due to incorporation of crop residues into the soil was 111.1% and
440.5%, respectively. Crop residue incorporation outperformed surface mulching in most

plant attributes.
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7.2 Introduction

Water is a major limiting factor for crop production in the tropics, particularly in semi-arid
regions (Rowland, 1993). Soil water availability is directly related to environmental factors
(including precipitation, evapotranspiration, soil type and topography), but may be influenced
by agronomic practices, including irrigation, fallowing and sowing time, or via specific water
conservation practices, such as terracing and mulching (Martin et al., 2008). Under semi-arid
conditions, surface plant residues play an important role in conservation of soil water through
reduced soil evaporation (Thomas 1996). In addition, crop residues as a mulch moderate the
temperature fluctuation in the top soil layer (Farahani et al., 1998), enhance the activity of
soil microorganisms and fauna (Klocke 1999) and nutrient release, improve water infiltration,
and facilitate root development. According to van Donk et al., (2012), retention of crop
residues on the soil surface is a key strategy for reducing surface water runoff and erosion. A
crop residue enhances water infiltration and protects the soil from sealing and crusting by
rainfall (McGuire 2009). A mulch of crop residues may also contribute to the control of

weeds by smothering them or through allelopathic effects (Farahani et al., 1998).

Africa is not able to feed its ever increasing population due to declining nutrient status of her
soils (Omotayo and Chukwuka 2009). For increased food production, nutrient replenishment
is necessary (Tilman et al., 2002). Nutrients are depleted due to nutrient mining through crop
harvests, residue removal (Mugendi et al., 2003), and soil erosion (Muchena et al., 2005),
coupled with inadequate external replenishment (Mugendi et al., 2010). In Kenya declining
soil fertility and high fertilizer costs are major limitations to crop production in smallholder
farms in Kenya (Chemining’wa et al., 2004). Water being one of the major physical
constraints to crop production in semi-arid areas, there is a need to use it effectively
(Rowland, 1993). The water conservation effect of surface residue may potentially increase
crop yields in tropical environments (van Donk et al., 2012).
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In coastal lowland Kenya over 90% of small scale farmers intercrop or relay crop maize and
cowpea during the long rains season (Obong'o et al., 1993; Saha et al., 1993). Legumes have
great potential for improving soil fertility at relatively low cost compared to inorganic
fertilizers. The reliance on organic residues from the previous crop distinguishes crop residue
mulch from other forms of mulching. This is because crop residue mulch is strategically
located at the soil-atmosphere interface, whereby it affects soil conservation; soil ecology and
crop yields (Erenstein, 1999). Hence the need to determine the effects of crop residues on soil
moisture content, canopy temperature, chlorophyll content, growth and yield maize-cowpea

intercrop.
7.3 Materials and Methods
7.3.1 Study site

The study was carried out at Pwani University (PU), and Kenya Agricultural Research
Institute (KARI). Pwani University is located 60 km north of Mombasa between latitudes 3°
S and 4° S and longitudes 39° E and 40° E. Mean monthly minimum and maximum
temperatures of about 22°C and 30°C, respectively, and mean relative humidity of 80%
(Jaetzold et al., 2012). The site is located in coastal lowland (CL) Kenya. The region receives
an average annual rainfall of 600-1100 mm that occurs in two seasons (Sombroek et al.,
1982). The long rains are received in March/April through August while the short rains are
received in October, November and December. The long rains season is the most important
cropping season and 75% of the annual rainfall is usually received during this time (Saha,
2007). The rainfall, temperature and relative humidity at the Kilifi and Mtwapa sites are
shown in Appendix 1. According to Sombroek et al., (1982), the soils in coastal lowland
Kenya are mostly ferralsols. They have low electron cation exchange, total N, organic carbon

content are deficient in essential plant nutrients (such as calcium, magnesium, zinc and
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sodium), prone to leaching, and have a pH 5.6 as shown in appendix 2. The experiment was

conducted during the long rains in July - October season in 2012.
7.3.2 Experimental design, treatments and crop husbandry

The experiment was laid out in a randomized complete block design, with a factorial
arrangement of treatments and replicated three times. The treatments consisted of two
intercrop systems and three cowpea crop residue management options. The intercrop systems
were: (a) maize variety Lamu intercropped with cowpea variety Nyeupe and (b) Dryland
Hybrid 04 (DHO04) intercropped with cowpea variety Nyeupe. The crop residue management
options were: (a) control (no residue), (b) crop residue surface mulch and (c) crop residue
incorporated into soil. A drought/insect pest resistant cowpea variety Nyeupe was used for
intercropping with maize in both cropping systems. Experimental plot size was 5 m x 5 m.
Maize spacing was 100 cm x 50 cm giving a population of 20,000 plants per hectare. Cowpea
was planted in between the maize with a spacing of 30 cm within the row, two plants per hill,
giving a plant population of 66,660 plants/ha. All the cowpeas in the two sites were planted
four weeks after the maize to reduce competition (Mureithi et al., 1996). The amount of crop
residue applied was 110 g/hill. This was either applied on the soil surface or incorporated into

the soil. Weeding was done by hand at two, four and six weeks after planting.
7.3.3 Data collection

Data collected included: soil moisture content, canopy temperature, chlorophyll content,
ground cover, leaf number, plant height, grain weight, and grain yield for both maize and
cowpea. Cowpea root nodule number, number of pods per plant and number of grains per
pod, maize number of ears per plant and maize stover yield were also determined. Moisture
content was determined by using a neutron probe. The methods of data collection were

similar to those used in chapter six.
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7.3.4 Data analysis

Collected data was analyzed by the general linear model (GLM) procedure for analysis of
variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) test, at p =

0.05.
7.4 Results
7.4.1 Soil moisture content

Cropping system and crop residue management significantly affected soil moisture content at
20 and 40 cm soil depth at all maize growth stages; however, cropping system and crop
residue management had no significant effect on soil moisture content at 60 and 80 cm soil
depth (Table 7.1). At 20 cm soil depth DHO4-cowpea intercrop had higher soil moisture
content than Lamu-cowpea intercrop, but the converse was true at 40 cm soil depth. Crop
residue surface mulching and crop residue incorporation increased moisture content in both
cropping systems, but the latter had higher moisture content than the former at most growth

stages (Table 7.2).
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Table 7.1: Effect of cropping system on moisture content (%) at 20, 40, 60 and 80 cm soil
depths at different growth stages in Kilifi

Cropping Boot Silk Maturity Boot Silk Maturity

system 20 cm Soil depth 40 cm soil depth
Lamu —
cowpea 10.76 11.48 6.85 15.20 19.17 13.81
DHO04-cowpea 11.60 12.95 8.56 14.16 17.08 12.10
P-value 0.0003 0.0117 0.0363 0.001 0.0003 0.0167
LSDo 05 0.35 1.06 1.57 0.53 0.88 1.33
CV (%) 2.96 8.27 19.45 3.46 4.63 9.74

60 cm Soil depth 80 cm soil depth

Lamu — cowpea 18.40 21.59 16.76 22.99 26.33 20.01
DHO04-cowpea  18.66 21.83 15.05 23.51 25.50 19.98
P-value 0.222 0.834 0.262 0.734 0.579 0.979
LSDo o5 NS NS NS NS NS NS
CV (%) 2.34 10.90 19.08 13.55 11.89 12.92

NS — Not significant

Table 7.2: Effect of crop residue management on moisture content (%) at 20 and 40 cm
soil depth at different growth stages in Kilifi

Crop residue management 20 cm soil depth 40 cm soil depth
Boot Silk Maturity Boot  Silk Maturity

No crop residue 8.96 1069 7.35 13.02 15.88 10.83
Surface mulch 12.53 1193 7.67 1539 1810 11.26
Crop residue incorp. 12.04 1403 8.09 15.62 20.41 16.78
P-value (CRM) 0.0001 0.0006 0.7014 0.0001 0.0001 0.0001
P-value (CPS x CRM) 0.024 0.263 0.109 0.009 0.011 0.006
LSDg.05 (CRM) 0.43 1.30 NS 0.65 1.08 1.62
LSDo 05 (CPS x CRM) 0539 1.650 2.450 0.828 1451 2.062
CV (%) 2.96 8.27 19.45 3.46 4.63 9.74

7.4. 2 Ground cover and Canopy temperature

Cropping system, crop residue management and their interaction had significant effects on
ground cover and canopy temperature (Table 7.3). Surface mulching and incorporation of
crop residue into the soil increased percent ground cover of both cropping systems in both
sites. Incorporation of crop residue into the soil had higher ground cover than surface

mulching in Mtwapa. Lamu maize intercropped with cowpea had higher ground cover than
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DHO4 maize intercropped with cowpea under all the residue management options except
under the control (no residue treatment). Average percent ground cover was higher at Kilifi
than at Mtwapa by 57.6%.

Table 7.3: Effects of cropping system and crop residue management on percent ground

cover and canopy temperature at kilifi and at mtwapa sites during July — October
2011/2012 season

Cropping system

(CPS) Kilifi Mtwapa
Ro R, R, CPS- Ry R, R, CPS-
means means
Percent ground cover
Lamu - cowpea 8223 8657 8777 8552 3260 3920 5130 41.03
DHO4 - cowpea 8440 8550 8553 8514 26.80 2827 39.10 31.39
CRM-mean 83.32 86.04 86.65 29.70 3374  45.20
P-value (CPS) 0.003 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM)  0.0001 0.0001
LSDg.05 CPS 0.22 1.00
LSDg.05s CRM 0.27 1.23
LSDgos CPSx CRM  0.39 1.84
CV (%) 2.41 2.64
Canopy temperature (°C)
Lamu - cowpea 2287 2243 2223 2251 2757 2640 2477 26.25
DHO4 - cowpea 2530 2480 2450 2487 2820 2750 27.33 27.68
CRM-mean 2409 2362 2337 2789 2695  26.05
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0004 0.0001
P-value (CPS x CRM)  0.002 0.0001
LSDg.05 CPS 0.17 0.20
LSDg.0s CRM 0.20 0.24
LSDgos CPSx CRM  0.30 0.36
CV (%) 6.70 6.89

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

Surface mulching and incorporation of crop residue into the soil significantly reduced canopy
temperatures in both sites and cropping systems (Table 7.3). Crop residue surface mulch had
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significantly higher canopy temperature than crop residue incorporation in Lamu-cowpea
intercrop at Mtwapa. Lamu maize intercropped with cowpea had a significantly lower canopy
temperature than DHO4 maize intercropped with cowpea in all residue management options

in both sites. Average canopy temperature was 13.8% higher in Mtwapa than in Kilifi.

7.4.3 Chlorophyll contents of cowpea and maize

Cropping system, crop residue management and their interactions had significant effects on
cowpea chlorophyll content at Mtwapa (Table 7.4). At Kilifi only the cropping system had a
significant effect on chlorophyll content. Surface mulching and incorporation of crop residue
into the soil significantly increased cowpea chlorophyll content in both cropping systems at
Mtwapa. Crop residue incorporation had significantly higher chlorophyll content than surface
mulch in both cropping systems. Cowpea intercropped with Lamu maize had significantly
higher chlorophyll content than cowpea intercropped with DHO4 maize in both cropping
systems at both sites. At Kilifi, cowpea intercropped with Lamu maize had significantly
lower cowpea chlorophyll content than cowpea intercropped with DHO4 maize. Cropping
system, crop residue management and their interactions had significant effect on maize
chlorophyll content (Table 7.4). Surface mulching and incorporation of crop residue into the
soil significantly increased maize chlorophyll content in Kilifi for both cropping systems.
Incorporation of crop residue into the soil had significantly higher maize chlorophyll content
than crop surface mulching. DHO4 maize intercropped with cowpea had higher chlorophyll
content than Lamu maize intercropped with cowpea under control and surface mulched plots.
Average maize chlorophyll content in Mtwapa was 11.1% higher than in Kilifi for both

intercrops.
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Table 7.4: Effects of cropping system and crop residue management on chlorophyll content
of cowpea and maize at Kilifi and at Mtwapa sites during July — October 2011/2012 season

Cropping system

(CPS) Kilifi Mtwapa
Ro R1 R, CPS- Ro Ry R, CPS-
means means
Cowpea chlorophyll content (index)
Lamu - cowpea 48.73 47.67 4410 46.83 5473 55.67 56.83 55.74
DHO4 - cowpea 49.63 49.47 50.23 49.78 46.43 53.33 5497 5158
CRM-mean 49.18 48.57 47.17 50.58 5450 55.90
P-value (CPS) 0.026 0.0001
P-value (CRM) 0.366 0.0001
P-value (CPS x CRM) 0.181 0.0001
LSDg0s CPS 2.52 0.26
LSDg 05 CRM Ns 0.32
LSDg0s CPS x CRM Ns 0.47
CV (%) 4.97 0.46
Maize chlorophyll content (index)
Lamu - cowpea 3540 38.57 41.53 39.49 4447 4550 4400 44.66
DHO4 - cowpea 38.33 40.83 4450 40.23 40.80 4157 46.67 43.01
CRM-mean 36.87 39.70 43.02 42.64 43534 45.34
P-value (CPS) 0.0001 0.461
P-value (CRM) 0.0001 0.595
P-value (CPS x CRM) 0.0001 0.398
LSDg.0s CPS 0.11 Ns
LSDg g5 CRM 0.13 Ns
LSDg0s CPS x CRM 0.20 Ns
CV (%) 2.60 10.38

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

7.4.4 Leaf numbers of cowpea and maize

Cropping system, crop residue management and their interactions had significant effects on

cowpea and maize leaf numbers (Table 7.5). Surface mulching and incorporation of crop

residue into the soil significantly increased cowpea and maize leaf numbers in both cropping

systems and sites. Generally crop residue incorporation had significantly higher cowpea and
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maize leaf numbers than crop residue surface mulch in both cropping systems. Cowpea
intercropped with DHO4 maize variety had significantly higher cowpea leaf number than
cowpea intercropped with Lamu maize under the different residue management options.

Table 7.5: Effect of cropping system and crop residue management on leaf number of
cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012 season

Cropping system

(CPS) Kilifi Mtwapa
Ro Ry R, CPS- Ro R1 R2 CPS-
means means
Cowpea leaf number per plant
Lamu - cowpea 18.60 19.70 21.67 19.99 1850 2343 33.20 25.04
DHO04 - cowpea 23.40 2540 3040 2640 2343 24.37 2850 25.43
CRM-mean 21.00 2255 26.04 20.97 23.90 30.85
P-value (CPS) 0.0001 0.0008
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM) 0.0001 0.0001
LSDg s CPS 0.17 0.18
LSDg 05 CRM 0.20 0.22
LSDg 5 CPS x CRM 0.30 0.33
CV (%) 0.68 0.69
Maize leaf number per plant
Lamu - cowpea 10.70 1157 1533 1253 9.20 9.73 10.03 9.65
DHO04 - cowpea 11.30 1150 1280 11.87 8.60 887 897 881
CRM-mean 11.00 1154 14.07 8.90 9.30 9.50
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM) 0.0001 0.0001
LSDg s CPS 0.13 0.08
LSDg 05 CRM 0.16 0.09
LSDg 5 CPS x CRM 0.24 0.14
CV (%) 1.04 0.79

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

Lamu maize intercropped with cowpea had significantly higher maize leaf number than

DHO4 maize intercropped with cowpea. Mtwapa had 8.8 % higher average cowpea leaf
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number than Kilifi. In contrast Kilifi had 24.3% higher average maize leaf number than

Mtwapa.

7.4.5 Plant height of cowpea and maize

Cropping system, crop residue management and their interactions had significant effects on

cowpea and maize plant heights (Table 7.6).

Table 7.6: Effect of cropping system and crop residue management on plant height (cm) of
cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012 season

Cropping system

(CPS) Kilifi Mtwapa
Ro R1 R» CPS- Ro R; R2 CPS-
means means
Cowpea plant height (cm)
Lamu - cowpea 21.73 23.67 28.8 24.73 3140 33.67 3737 34.15
DHO04 - cowpea 22.33 2577 2713 25.08 2847 31.20 33.67 31.11
CRM-mean 22.03 24,72  27.97 29.94 3244 3552
P-value (CPS) 0.442 0.0001
P-value (CRM) 0.011 0.0001
P-value (CPS x CRM)  0.0001 0.0001
LSDg s CPS Ns 0.14
LSDg s CRM 1.17 0.17
LSDg s CPS x CRM 1.76 0.25
CV (%) 3.67 0.40
Maize plant height (cm)
Lamu - cowpea 168.60 17750 18757 177.89 116.20 156.43 187.70 153.44
DHO4 - cowpea 140.30 14050 142.40 141.07 14610 146.40 149.33 147.28
CRM-mean 154.45 159.00 164.99 131.15 151.42 168.52
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM)  0.0001 0.0001
LSDg 05 CPS 0.24 0.13
LSDg 05 CRM 0.28 0.16
LSDg s CPS x CRM 0.43 0.24
CV (%) 0.14 0.08

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

112



Surface mulching and incorporation of crop residue into the soil significantly increased
cowpea plant height in both cropping systems in both sites. Incorporation of crop residues
into the soil had higher cowpea plant height than surface mulching in both cropping systems
in Mtwapa and in Lamu-cowpea intercrop in Kilifi. Cowpea intercropped with Lamu maize
had significantly higher cowpea plant height than cowpea intercropped with DH04 maize
under the different, crop residue management options at Mtwapa. Mean cowpea plant height
in Mtwapa was 31.0% higher than in Kilifi. Surface mulching and incorporation of crop
residues into the soil increased maize plant height in Lamu-cowpea intercrop in both sites and
DHO04-cowpea intercrop in Mtwapa. Incorporation of crop residue into the soil had higher
maize plant height than surface mulching in both cropping systems and sites. Lamu maize
intercropped with cowpea had significantly higher plant height than DHO04 maize
intercropped with cowpea cropping system under all the crop residue management options.

The mean maize plant height in Kilifi was 6.1% higher than in Mtwapa.

7.4.6 Cowpea root nodule number

Cropping system, crop residue management and their interactions had significant effect on
the number of cowpea root nodules (Table 7.7). Surface mulching and incorporation of crop
residue into the soil significantly reduced the number of root nodules in both cropping
systems in Mtwapa and DHO4—cowpea intercrop at Kilifi. Crop residue incorporation into the
soil had a lower number of root nodules than surface mulching in both cropping systems in
Mtwapa. Cowpea intercropped with DHO04 maize had significantly higher number of cowpea
root nodules than cowpea intercropped with Lamu maize under all the crop residue
management options in Mtwapa and under control (no residue incorporation and no surface

mulch) in Kilifi. Kilifi had 151.6% higher average number of root nodules than Mtwapa.
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Table 7.7: Effect of cropping system and crop residue management on number of cowpea
root nodules per plant at Kilifi and at mtwapa sites during July — October 2011/2012 season

Cropping system

(CPS) Kilifi Mtwapa
Ro R1 R CPS- Ro R1 R CPS-
means means
Lamu - cowpea 1453 1253 10.30 12.45 6.40 460 3.80 4.93
DHO04 - cowpea 2547 13.63 12.17 17.09 9.60 570 510 6.80
CRM-mean 20.00 13.08 11.24 8.00 515 4.45
P-value (CPS) 0.002 0.0001
P-value (CRM) 0.008 0.0001
P-value (CPS x CRM) 0.0001 0.0001
LSDg s CPS 2.43 0.14
LSDg 05 CRM 2.97 0.18
LSDg 5 CPS x CRM 4.45 0.27
CV (%) 15.65 2.33

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

7.4.7 Pods per plant and grains per pod of cowpea

Cropping system, crop residue management and their interactions had significant effects on
cowpea number of pods per plant and grains per pod of cowpea (Table 7.8). Incorporation of
crop residue significantly increased the number of pods per plant in both cropping systems in
Mtwapa and in Lamu-cowpea intercrop in Kilifi. Surface mulching increased the number of
pods per plant only in DHO4-cowpea intercrop at Mtwapa. Incorporation of crop residue into
the soil had higher number of pods per plant than surface mulching at both sites. Cowpea
intercropped with DHO4 maize had significantly higher number of pods per plant than
cowpea intercropped with Lamu maize under control and surface mulch options. The average
number of pods per plant in Kilifi was 183.3% higher than in Mtwapa. Surface mulching

increased the number of grains per pod only in Lamu-cowpea intercrop at Kilifi.
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Table 7.8: Effect of cropping system and crop residue management on number pods per
plant and grains per pod of cowpea at kilifi and at mtwapa sites during July — October
2011/2012 season

Cropping system (CPS)

Kilifi Mtwapa
Ro Ry R CPS- Ry Ry R CPS-
means means
Number of pods per plant
Lamu - cowpea 6.50 6.67 843 7.20 2.23 237 310 257
DHO04 - cowpea 8.36 840 940 872 2.73 3.10 333 3.05
CRM-mean 7.43 754  8.92 2.48 2.74  3.22
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM)  0.0001 0.0001
LSDg s CPS 0.01 0.08
LSDo 05 CRM 0.12 0.10
LSDo s CPS x CRM 0.17 0.15
CV (%) 1.14 2.81
Number of grains per pod
Lamu - cowpea 10.67 1350 1353 1257 4.00 480 550 4.77
DHO4 - cowpea 13.33 1353 1463 13.83 4.80 507 533 507
CRM-mean 12.00 1352 14.08 4.40 494 542
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM)  0.0001 0.0001
LSDg 05 CPS 0.26 0.06
LSDg.0s CRM 0.32 0.07
LSDg s CPS x CRM 0.40 0.09
CV (%) 1.87 1.17

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil

Incorporation of crop residue into the soil significantly increased the number of cowpea
grains per pods in both cropping systems and sites. Incorporation of crop residues into the
soil had higher number of grains per pod than surface mulching in DHO04-cowpea intercrop at
Kilifi and Lamu-cowpea at Mtwapa. Cowpea intercropped with DHO04 maize had

significantly higher number of grains per pod than cowpea intercropped with Lamu maize
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under control plots in both sites, and crop residue incorporated plots at Kilifi. The average

number of pods in Kilifi was 168.3% higher than in Mtwapa.

7.4.8 Ears per plant and 100-grain weight of maize

Cropping system, crop residue management and their interactions had significant effects on

the number of ears per plant and 100-grain weight of maize (Table 7.9).

Table 7.9: Effect of cropping system and crop residue management on number ears per
plant and 100-grain weight (g) of maize at kilifi and at mtwapa sites during July — October

2011/2012 seasonn
Cropping system
(CPS) Kilifi Mtwapa
Ro Ry R CPS- Ro Ry R CPS-
means means
Maize number of ears per plant
Lamu - cowpea 0.14 0.46 0.53 0.38 0.15 0.17 0.19 0.17
DHO04 - cowpea 0.33 0.66 0.88 0.62 0.13 0.24 0.33 0.23
CRM-mean 0.24 0.56 0.705 0.14 0.21 0.26
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM) 0.0001 0.0001
LSDg s CPS 0.010 0.007
LSDg 05 CRM 0.013 0.009
LSDo 5 CPS x CRM 0.022 0.016
CV (%) 2.05 3.64
Maize 100-grain weight (g)
Lamu - cowpea 31.60 3430 354 33.77 1153 1250 1350 1251
DHO4 - cowpea 28.37 3043 3173 3018 1023 11.27 1127 10.92
CRM-mean 29.99 3237 3357 10.88 11.89 12.39
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.007 0.0001
P-value (CPS x CRM) 0.0001 0.0001
LSDg.05 CPS 0.32 0.19
LSDg.0s CRM 0.39 0.23
LSDgs CPS x CRM 0.58 0.34
CV (%) 0.95 151

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil

surface; and R, = crop residues incorporated into the soil
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Surface mulching and incorporation of crop residues into the soil significantly increased the
number of maize ears per plant and also 100-grain weight. Incorporation of crop residues into
the soil had higher number of ears per plant and 100-grain weight than surface mulching in at
both sites. DH04 maize variety intercropped with cowpea had significantly higher number of
ears per plant and lower 100-grain weight than Lamu maize variety intercropped with cowpea
under the different residue management options. Average number of ears per plant and 100-

grain weight at Kilifi, were 150% and 172.9% higher than at Mtwapa, respectively.

7.4.9 Cowpea 100-grain weight and grain yield

Cropping system, crop residue management and their interactions had significant effects on
cowpea 100-grain weight and grain yield (Table 7.10). Crop residue incorporation into the
soil significantly increased percent cowpea 100-grain weight in Lamu-cowpea intercrop in
both sites and grain yield both cropping systesm and sites. Surface mulch had no effect on
100-grain weight in both cropping systems at Kilifi, but increased cowpea grain yield in
DHO04-cowpea intercrop. Incorporation of crop residue into the soil had higher grain weight
than surface mulching in Lamu-cowpea intercrop. Cowpea intercropped with Lamu maize
had significantly higher cowpea 100-grain weight than cowpea intercropped with DHO4
maize only under crop residue incorporation options at Kilifi. Cowpea intercropped with
DHO04 maize had significantly higher cowpea grain yield than cowpea intercropped with
Lamu maize under all crop residue management options at Kilifi and under crop residue
incorporation option at Mtwapa. Kilifi had 179.5% and 111.1% higher average cowpea 100-

grain weight and grain yield, respectively, than Mtwapa.
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Table 7.10: Effects of cropping system and crop residue management on cowpea 100-grain
weight (g) and grain yield (t/ha) at kilifi and at mtwapa sites during July — October

2011/2012 season
Cropping system
(CPS) Kilifi Mtwapa
Ro Ry R, CPS- Ro Ry R CPS-
means means
Cowpea 100-grain weight (g)
Lamu - cowpea 13.64 13.67 1744 1492 483 517 523 5.08
DHO04 - cowpea 13.35 1366 14.05 13.69 5.07 520 520 5.16
CRM-mean 1350 13.67 15.75 4.95 5.19 5.22
P-value (CPS) 0.0001 0.101
P-value (CRM) 0.0001 0.023
P-value (CPS x CRM)  0.0001 0.002
LSDg s CPS 0.29 Ns
LSDo 05 CRM 0.36 0.12
LSDo s CPS x CRM 0.54 0.17
CV (%) 1.95 1.78
Cowpea grain yield (t/ha)
Lamu - cowpea 0.15 0.15 0.26 0.19 0.13 0.13 033 0.20
DHO4 - cowpea 044 061 066 057 0.13 013 023 0.16
CRM-mean 0.295 0.38 0.46 0.13 0.13 0.28
P-value (CPS) 0.0001 0.087
P-value (CRM) 0.0001 0.0001
P-value (CPS x CRM) 0.001 0.604
LSDg o5 CPS 0.01 Ns
LSDg.0s CRM 0.01 0.01
LSDg s CPS x CRM 0.02 Ns
CV (%) 3.052 4.43

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil

surface; and R, = crop residues incorporated into the soil

7.4.10 Maize stover yield and grain yield

Cropping system, crop residue management and their interactions had significant effects on
maize stover yield and grain yield (Table 7.11). Surface mulching and incorporation of crop
residue into the soil significantly increased maize stover yield in both cropping systems. Crop

residue incorporation had higher stover vyield than surface mulching in Lamu-cowpea
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intercrop. There was no significant difference between surface mulching and incorporation of

crop residue into the soil in DHO4-cowpea intercrop. In Kilifi, Lamu maize intercropped with

cowpea had significantly higher maize stover yield than DHO04 maize intercropped with

cowpea.

Table 7.11: Effects of cropping system and crop residue management on stover yield (t/ha)
and grain yield of maize (t/ha) at kilifi and at mtwapa sites during July — October

2011/2012 season
Cropping system
(CPS) Kilifi Mtwapa
Ro Ry R CPS- Ro Ry R CPS-
means means
Maize stover yield (t/ha)
Lamu - cowpea 4.87 6.67 7.43 6.32 2.43 263 290 265
DHO04 - cowpea 3.52 479 524 452 1.27 183 173 161
CRM-mean 4.20 573 6.34 1.85 223 232
P-value (CPS) 0.022 0.0001
P-value (CRM) 0.380 0.001
P-value (CPS x CRM) 0.115 0.0001
LSDg s CPS 1.49 0.11
LSDg 05 CRM Ns 0.14
LSDo s CPS x CRM Ns 0.20
CV (%) 26.10 4.92
Maize grain yield (t/ha)
Lamu - cowpea 1.52 165 262 193 0.20 030 043 031
DHO4 - cowpea 222 242 288 251 0.30 057 071 053
CRM-mean 1.87 2.04 275 0.25 0.44 0.57
P-value (CPS) 0.0001 0.0001
P-value (CRM) 0.003 0.307
P-value (CPS x CRM) 0.0002 0.0002
LSDg s CPS 0.25 0.07
LSD0.05 CRM 0.30 Ns
LSDg s CPS x CRM 0.45 0.37
CV (%) 9.78 18.45

Crop residue management (CRM) levels: Ry = No crop residue; Ry = crop residue on the soil
surface; and R, = crop residues incorporated into the soil
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Incorporation of crop residue into the soil significantly increased maize grain yield in both
cropping systems at Kilifi. DHO4 maize intercropped with cowpea had significantly higher
maize grain yield than Lamu maize intercropped with cowpea under the control (no-surface
mulch + no-crop residue incorporation) and surface mulched plots. On average, DHOA4-
cowpea intercrop had 30% higher maize grain yield than Lamu-cowpea intercrop. Average

maize grain yield in Kilifi was 440.5% higher than at Mtwapa.

7.5 Discussion

7.5.1 Soil moisture content

Crop residue incorporation and surface mulch increased soil moisture content at 20 and 40
cm depths. Thobatsi (2009) reported that soils under maize mulch had higher soil water
content than un-mulched soils in maize intercropped with cowpea. Other researchers have
also demonstrated that retention of crop residues on the surface enhances water infiltration,
protects the soil from sealing and crusting by rainfall, and conserves soil moisture (Thomas,
1996; McGuire, 2009). Crop residue incorporation had higher moisture content than leaving
crop residue on the soil surface. Karuku et al., (2014) indicated that crop residue
incorporation into the soil optimized the partitioning of the water balance components,
increasing moisture storage. In a similar study, Lighourgidis et al., (2006) reported that
incorporation of vetch crop residues significantly improved the quantity and frequency of
deep water percolation. At 20 cm soil depth DHO4-cowpea intercrop had higher soil moisture
content than Lamu-cowpea intercrop while the converse was true at 40 cm soil depth. This
observation supports a previous finding (see chapter six of this thesis) that suggested that
Lamu maize variety exploited moisture in the top 20 cm soil better than DH04 maize variety

which in turn exploited moisture better than the former at lower depths.
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7.5.2 Chlorophyll content of cowpea and maize

The study has shown that surface mulch and incorporation of crop residue into the soil
increased cowpea and maize chlorophyll content. Ramesh and Devasenapathy (2006)
reported that mulching enhanced soil moisture gains in cowpea plots which led to
favourable plant physiological parameters such as chlorophyll content. Boomsma et al.
(2009) also reported that mulching increased maize chlorophyll content. These observations
were attributed to availability of sufficient soil moisture and N for plants. Mulching enhances
plant N-uptake efficiency and improves nutrient preservation over unmulched plots (Zamir et
al., 2013). Chlorophyll content was higher at Mtwapa than at Kilifi possibly because Mtwapa

had higher soil nutrients than the latter (Boomsma et al., 2009).

7.5.3 Canopy temperature

Surface mulch and incorporation of crop residue into the soil significantly reduced canopy
temperatures of maize-cowpea intercrops. Turmel et al., (2015) attributed the reduction in
canopy temperature under mulching to reduction in soil temperature, hence reduced moisture
loss in the soil profile through evaporation. Reduction in soil temperature due to mulching
was also reported by Kinama, (1997). Availability of moisture in soil ensures continued
transpiration and precludes the need for stomatal closure which is a common strategy by
plants to reduce moisture loss. Lamu-cowpea intercrop had lower canopy temperature than
DHO4-cowpea intercrop, suggesting that Lamu maize variety transpired more leading to
reduction in temperature. The cropping system canopy temperature averages were higher at
Mtwapa than at Kilifi possibly due to water stress conditions, because Mtwapa received

lower amount of rainfall than Kilifi (Appendix 1).
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7.5.4 Cowpea root nodule number

Surface mulch and incorporation of crop residues into the soil significantly reduced the
number of cowpea root nodules per plant in both cropping systems. The findings are in
agreement with the study by Ibewiro et al., (2001) and Singh et al., (2011) who reported
significant reduction in the number of root nodules under mulching. The findings in the
current study, could be attributed to increased shading of cowpea by maize which increased
in growth and ground cover under mulch and crop residue incorporation. Cowpea
intercropped with Lamu maize variety had a lower number of root nodules than cowpea
intercropped with DHO4 maize variety. Kilifi had 151.6% more root nodules than Mtwapa.
This could be attributed to the fact that Mtwapa received lower amount of rainfall and had

higher soil nutrient content than Kilifi.
7.5.5 Ground cover, growth and yield parameters of cowpea and maize

The study has shown that surface mulch and incorporation of crop residue into the soil
increased cowpea and maize ground cover, growth, grain yield and yield components at both
sites. Dahmardeh et al., (2010) and Scopel et al., (2004) reported significant increase in leaf
number and plant height due to effective water conservation as a result of surface mulching
and incorporaton of crop residues into the soil. Salako et al (2007) reported increased cowpea
and maize ground cover due to application of crop residues. Dahmardeh et al., (2010) and
Nyakatawa (1997) reported that mulching increased yield and yield components of cowpea
and maize. Mulches intercept raindrops, retard runoff promote infiltration and reduce surface
evaporation, thereby enhancing moisture availability for plant uptake (Odhiambo and Bomke,

2001).

Incorporation of crop residues into the soil had significantly higher cowpea and maize ground

cover, growth, grain yield and yield components than surface mulch. This may be attributed
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to decomposition of incorporated crop residues releasing nutrients for crop use and improving
the soil physical and chemical properties that affect plant growth (van Donk et al., 2012).
Crop residues have significant effect on nutrient cycling; soil organic matter and soil organic
carbon (van Donk et al., 2012; Pieri, 1989). Yield and yield components of cowpea and
maize in Kilifi were significantly higher than in Mtwapa. This could be attributed to the fact

that Kilifi received higher amount of rainfall than Mtwapa (Appendix 1).
7.6 Conclusion

Cowpea crop residue mulch and cowpea crop residue incorporation into the soil significantly
increased soil moisture content, ground cover, cowpea and maize ground cover, growth and
yield parameters, yield components of maize and cowpea, but decreased the canopy
temperature. Incorporation of crop residues into the soil had significantly higher growth
parameters, yield and vyield components of intercrops than surface mulching. The
performance of DHO4-cowpea intercrop was significantly higher than Lamu-cowpea

intercrop.
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CHAPTER EIGHT: EFFECT OF DIFFERENT FARMYARD MANURE LEVELS ON
SOIL MOISTURE CONTENT, CANOPY TEMPERATURE, GROWTH AND YIELD

OF MAIZE — COWPEA INTERCROPS

8.1 Abstract

The cost of inorganic fertilizers is prohibitively expensive for resource challenged small
holder farmers in the coastal lowland Kenya. Use of organic fertilizers has the potential to
improve the productivity of maize-cowpea based cropping systems. A study was carried out
at Pwani University and Kenya Agricultural and Livestock Research Institute (KALRO)
Mtwapa in 2011 and 2012 to determine the effects of farmyard manure levels on soil
moisture content, canopy temperature, growth and yield performance of maize-cowpea
intercrop. The treatments comprised two cropping systems and three farmyard manure levels.
The farmyard manure levels comprised: control (no manure), 2.5 t manure ha™ and 5.0 t
manure ha™. The experiment was laid out in a randomized complete block design, with a
factorial arrangement of treatments and replicated three times. Data collected included: soil
moisture content, canopy temperature, weed biomass, chlorophyll content, percent ground
cover, leaf number, plant height, grain weight and grain yield of maize and cowpea. Cowpea
root nodule number, numbers of pods per plant, number of grains per pod, maize ears per
plant and stover yield were also determined. Data was analyzed using the general linear
model (GLM) procedure for analysis of variance using SAS statistical package. Where the F
values were significant, means were compared using the least significant difference (LSD)
test, at p = 0.05. Farmyard manure application increased soil moisture content and
groundcover, chlorophyll content, growth parameters, yield and yield components of maize
plants; however, it reduced canopy temperature and all cowpea plant attributes. DHO04-
cowpea intercrop outperformed Lamu-cowpea intercrop in most plant attributes. The
performance of DHO04-cowpea intercrop was significantly higher than Lamu-cowpea

intercrop.

124



8.2 Introduction

Maize is the staple food in Kenya, produced by small scale farmers who have limited
capacity to produce efficiently (Schroeder et al., 2013). Low soil fertility and moisture stress
are the major factors limiting maize productivity in the coastal lowland of Kenya (Wekesa et
al., 2003). Adoption of inorganic fertilizers in coastal lowlands is low and this has been
attributed to high fertilizer costs (Saha et al., 1993). According to Saleem et al., (2011) the
cost of inorganic fertilizers is prohibitively expensive for resource challenged smallholder
farmers. Organic manures such as animal manure, compost and green manure cover crops are
suggested alternatives (Nandwa, 1995). According to Tennakoon and Bandara, (2003) both
plant materials and animal manure have considerable amounts of plant nutrients. Thus
continual applications of these organic manures can not only supply plant nutrients but also
enrich agricultural soils. In addition to being important sources of N for crop production,
animal manures and compost are beneficial in soils because they can increase the water
holding capacity and the cation exchange capacity (Nandwa, 1995). The responses of crops to
manure application has been attributed to quantity of manure N already available to the
plants, amount of N that becomes available after mineralization during the season, release
and availability of P, K, and micronutrients, and improvement of soil structure and

permeability (Bocchi and Tano, 1994).

Majority of farmers in the coastal region neither use organic nor inorganic fertilizers. Among
the organic sources, farmyard manure is the most important as it contains all the nutrients
needed for crop growth including trace elements, albeit in small quantities (Achieng et al.
2010). Farmyard manure can be used for crop production as a substitute of chemical
fertilizers (Khan et al., 2005; Ayoola et al., 2007). The efficiency of manure utilization by a
crop is determined by the method of application, time of incorporation and the rate of
decomposition in the soil (Achieng et al., 2010). Despite the importance of farmyard manures
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as sources of nutrients, their use is limited mainly due to their low and variable nutrient
composition and the large quantities needed to provide adequate plant nutrients (Nandwa,
1995). The objective of the study was to determine the effects of farmyard manure levels on
soil moisture content, canopy temperature, chlorophyll content, growth and yield of maize-

cowpea intercrop.
8.3 Materials and Methods
8.3.1 Study site

The study was carried out at Pwani University and Kenya Agricultural and Livestock
Research Organization (KALRO). Pwani University is located 60 km north of Mombasa
between latitudes 3° S and 4° S and longitudes 39° E and 40° E. Mean monthly minimum and
maximum temperatures of about 22°C and 30°C, respectively, and mean relative humidity of
80% (Jaetzold et al., 2012). The site is in coastal lowland (CL) Kenya. The region receives an
average annual rainfall of 600-1100 mm in two seasons (Sombroek et al., 1982). The long
rains are received in March/April through August while the short rains are received in
October, November and December. The long rains season is the most important cropping
season and 75% of the annual rainfall is usually received during this time (Saha, 2007). The
rainfall, temperature and relative humidity at the Kilifi and Mtwapa sites are shown in Table
6.1. According to Sombroek et al., (1982), the soils in coastal lowland Kenya are mostly
ferralsols. They are low in cation exchange capacity, total N organic matter content and
essential plant nutrients (such as Calcium, Magnesium, Zinc and Sodium). In addition, they
are prone to leaching, and have a pH of 5.6. Soils were analysed for pH, total N, Organic
carbon, Phosphorus, potassium, calcium, Magnesium, Manganese, Copper, Iron, Zinc and

Sodium (Appendix 2).
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8.3.2 Experimental design, treatments and crop husbandry

The study evaluated the effect of intercropping maize with cowpea under different farmyard
manure levels in the coastal lowland of Kenya. A randomized complete block design with a
factorial arrangement of treatments was used and replicated three times. The treatments
comprised two cropping systems and three farmyard manure levels. The cropping systems
comprised: Dryland Hybrid 04 (DHO4) - cowpea intercrop and Lamu - cowpea intercrop. The
farmyard manure levels comprised: control (no manure), 2.5 t manure ha™ and 5.0 t manure
ha™. Cowpea variety Nyeupe, which was among the farmer prefereed, drought/insect pest
resistant cowpea, was used for intercropping with maize. Plot size was 5 m x 5 m. Maize
plant spacing was 100 cm x 50 cm giving a 20,000 plant population per hectare. Cowpea was
planted in between the maize rows with spacing of 30 cm within the row, two plants per hill,
giving a plant population of about 66,660 plants/ha. All the cowpeas in the two sites were
planted four weeks after the maize was planted to reduce competition (Mureithi et al., 1996).

Weeding was done by hand at two, four and six weeks, respectively, after planting.
8.3.3 Data collected

Data collected included: soil moisture content, canopy temperature, weed biomass,
chlorophyll content, percent ground cover, leaf number, plant height, grain weight and grain
yield of maize and cowpea. Cowpea root nodule number, numbers of pods per plant, number
of grains per pod, maize number of ears per plant and stover yield were also determined. Data

was collected as described in chapter six.

8.3.4 Data analysis

Collected data were analyzed by the general linear model (GLM) procedure for analysis of

variance using SAS statistical package (SAS Institute, 1993). Where the F values were
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significant, means were compared using the least significant difference (LSD) tests, at p =

0.05.
8.4 Results
8.4.1 Soil moisture content

Cropping systems and farmyard manure (FYM) application had significant effect on soil
moisture content at 20, 40 and 60 cm soil depths. Interaction between cropping system and
FYM had no significant effect on soil moisture content. In most cases, Lamu-cowpea
intercrop plots had significantly lower moisture content than DHO04-cowpea intercrop plots at
all soil depths and maize growth stages (Table 8.1). Farmyard manure application
significantly increased moisture content relative to the control at all stages (Table 8.2).

Application of 2.5 t/ha had significantly higher moisture content than application of 5 t/ha.

Table 8.1: Effect of cropping system on soil moisture content (% per volume) at 20, 40, 60
and 80 cm soil depth at all growth stages

Cropping system 20 cm Soil depth 40 cm soil depth
Boot Silk Maturity  Boot Silk Maturity
Lamu —cowpea  7.43 13.52 9.22 13.25 19.52 13.32
DHO04-cowpea 9.12 15.43 9.33 14.83 22.19 14.53
P-value 0.0001 0.0001 0.451 0.0001  0.0001 0.0001
LSDo o5 0.37 0.39 0.32 0.34 0.22 0.27
CV (%) 4.22 2.57 3.24 2.34 0.99 1.81
60 cm Soil depth 80 cm soil depth
Lamu —cowpea  17.02 22.68 17.84 22.48 25.79 22
DHO04-cowpea 20.24 23.87 19.59 23.83 25.9 22.25
P-value 0.0001 0.0001 0.0001 0.0001  0.292 0.137
LSDo o5 0.31 0.42 0.323 0.319 NS NS
CV (%) 1.59 1.72 1.64 1.31 0.80 1.50
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Table 8.2: Effect of farmyard manure on soil moisture content (% per volume) at 20, 40,
60 and 80 cm soil depth in all growth stages

Farmyard manure 20 cm soil depth 40 cm soil depth
Boot Silk  Maturity Boot Silk Maturity

Ot/haFYM 7.47 1547  7.91 13.69 20.02 13.26
2.5t/haFYM 8.98 1445  11.22 14.44 22.57 14.62
5.0 t/ha FYM 8.38 1351  8.70 13.98 19.98 13.89
P-value 0.0001 0.0001 0.0001 0.0088 0.0001 0.0001
LSDg .05 0.45 0.48 0.39 0.42 0.27 0.33
CV (%) 4.22 2.57 3.24 2.33 0.99 1.81

60 cm soil depth 80 cm soil depth
0t/haFYM 17.32 21.95 17.68 23.31 25.97 22.96
2.5t/haFYM 22.05 25.48 22.52 26.54 27.56 24.41
5.0t/haFYM 16.52 22.39 15.95 19.61 24.02 19.02
P-value (FYM) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
LSDg.0s5 (FYM) 0.38 0.51 0.40 0.39 0.27 0.43
CV (%) 1.59 1.72 1.64 1.31 0.80 1.50

FYM = Farmyard manure

8.4.2 Ground cover and canopy temperture

Application of farmyard manure and cropping system had significant effects on ground cover
and canopy temperature (Table 8.3). Application of farmyard manure significantly increased
percent ground cover at Mtwapa, but had no effect at Kilifi. DHO4 maize variety intercropped
with cowpea had a higher percent ground cover than Lamu maize variety intercropped with
cowpea at 0 and 5.0 t/ha farmyard manure application. Application of 5 t/ha farmyard manure
had a significantly higher percent ground cover than application of 2.5 t/ha farmyard manure.
Average percent increase in ground cover with 2.5 t/ha and 5.0 t/ha farmyard manure
application was 56.0% and 63.2%, respectively. Farmyard manure application, cropping
system and their interaction significantly affected the canopy temperature at Kilifi (Table
8.3). Farmyard manure application reduced canopy temperature in Lamu-cowpea intercrop
but had no effect in DHO4-cowpea intercrop. Farmyard manure application rates of 2.5 t/ha
and 5.0 t/ha were not significantly different in canopy temperature. The canopy temperatures

of the two cropping systems were not significantly different at all farmyard manure levels
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except at 5.0 t/ha where Lamu-cowpea intercrop had lower canopy temperature than DHO4-

cowpea intercrop.

Table 8.3: Effects of cropping system and farmyard manure application on percent ground
cover and canopy temperature at kilifi and at mtwapa sites during July — October

2011/2012 season
Cropping system Kilifi Mtwapa
(CPS) Fo Fi F,  CPS- Fo Fiy F, CPS-

mean mean
Percent ground cover

Lamu - cowpea 89.23 8347 82,63 86.11 2443 4190 4187 36.07

DHO04 - cowpea 8293 8410 8223 83.09 29.23 41.77 4570 38.90

Mean-FYM 86.08 83.79 8243 26.83 4184 43.79

P-value (CPS) 0.312 0.035

P-value (FYM) 0.325 0.0001

P-value (CPS x FYM)  0.317 0.235

LSDg s CPS Ns 0.87

LSDoos FYM Ns 1.07

LSDg0s CPSX FYM Ns Ns

CV (%) 4.79 2.14
Canopy temperature (°C)

Lamu - cowpea 2443 2343 22.80 23.55 28.39 2849 2786 28.25

DHO04 - cowpea 23.70 24.03 23.97 23.90 26.76 29.29 2729 27.78

Mean-FYM 24.07 23.73 23.39 27.58 28.89 27.58

P-value (CPS) 0.083 0.007

P-value (FYM) 0.033 0.69

P-value (CPS x FYM)  0.004 0.45

LSDg s CPS Ns 0.741

LSDoos FYM 0.49 Ns

LSDg 5 CPS x FYM 0.90 Ns

CV (%) 1.60 2.55

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure

8.4.3 Chlorophyll contents of cowpea and maize

Application of farmyard manure, cropping system and their interaction significantly affected

cowpea chlorophyll content at Kilifi but not at Mtwapa (Table 8.4). At Kilifi, cowpea

chlorophyll content was significantly higher under cowpea intercropped with DHO4 maize
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than under cowpea intercropped with Lamu maize under control (no farmyard manure) and

5.0 t/ha farmyard manure. At Mtwapa, Lamu-cowpea intercrop had significantly lower

canopy temperature than DHO4-cowpea intercrop. Application of farmyard manure and the

interaction between FYM and cropping system significantly affected maize chlorophyll

content at Kilifi (Table 8.4).

Table 8.4: Effects of cropping system and farmyard manure application on chlorophyll
content of cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012

season
Cropping system Kilifi Mtwapa
(CPS) Fo F F,  CPS- Fo Fi F, CPS- mean
mean
Cowpea chlorophyll index
Lamu - cowpea 5157 48.70 46.60 48.96 52.93 53.07 52.07 52.69
DHO04 - cowpea 5443 49.27 5153 51.74 5440 5253 5570 54.21
Mean-FYM 53.00 48.99 49.07 53.67 52.80 53.89
P-value (CPS) 0.0001 0.015
P-value (FYM) 0.001 0.241
P-value (CPS x FYM)  0.001 0.025
LSDg05 CPS 0.74 1.15
LSDg05 FYM 0.91 Ns
LSDg 5 CPS x FYM 1.58 0.48
CV (%) 1.40 2.05
Maize chlorophyll index
Lamu - cowpea 38.60 4247 4547 42.18 4483 4393 43.73 44.28
DHO04 - cowpea 36.40 43.20 44.30 41.30 4550 43.63 46.37 45.17
Mean-FYM 37.50 42.84 44.89 45.17 43.78 45.05
P-value (CPS) 0.0001 0.142
P-value (FYM) 0.0001 0.154
P-value (CPS x FYM)  Ns Ns
LSDg05s CPS 0.08 0.11
LSDg0s FYM 1.24 Ns
LSDg0s CPS X FYM 1.86 Ns
CV (%) 2.32 2.72

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure
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Farmyard manure treatments had no significant effect on maize chlorophyll content at
Mtwapa. Application of FYM significantly increased maize chlorophyll content at Kilifi in
both cropping systems. Application of 5.0 t/ha FYM had higher chlorophyll content than
application of 2.5 t/ha FYM in Lamu-cowpea intercrop. Cropping systems had no significant
effect on maize chlorophyll content at 2.5 t/ha and 5.0 t/ha FY M. Lamu-cowpea intercrop had

higher maize chlorophyll content than DHO04-cowpea intercrop.
8.4.4 Leaf numbers of cowpea and maize

Application of farmyard manure and the interaction between FYM and cropping system
significantly affected cowpea leaf number in both sites (Table 8.5). Farmyard manure
application significantly increased cowpea leaf number in both cropping systems at both
sites. Application of 2.5 t/ha FYM increased cowpea leaf number in Kilifi and Mtwapa by
5.2% and 55.9%, respectively. Application of 5.0 t/ha of FYM increased cowpea leaf number
in Kilifi and Mtwapa by 52.8% and 73.5% respectively. Application of farmyard manure,
cropping system and their interaction significantly affected maize leaf number of both
cropping systems in both sites (Table 8.5). Farmyard manure application significantly
increased maize leaf number in both cropping systems and sites. Application of 2.5 t/ha FYM
significantly increased maize leaf number in Lamu-cowpea intercrop system in Kilifi.
Generally, Lamu maize variety intercropped with cowpea had significantly higher leaf
numbers than DHO4 maize variety intercropped with cowpea. The average maize leaf number

for Mtwapa was 25.7% lower than for Kilifi.
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Table 8.5: Effects of cropping system and farmyard manure application on leaf number of
cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012 seasonn

Cropping system Kilifi Mtwapa
(CPS) Fo F, F,  CPS- Fo FL  F,  CPS-mean
mean
Cowpea leaf number per plant
Lamu - cowpea 18.37 19.07 29.53 22.32 11.00 23.47 2437 19.61
DHO04 - cowpea 19.07 20.33 27.67 22.36 21.03 26.47 31.23 26.24
Mean-FYM 18.72 19.70 28.60 16.02 2497 27.80
P-value (CPS) 0.0001 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0001 0.0001
LSDg s CPS 0.36 0.52
LSDoos FYM 0.04 0.64
LSDo s CPS X FYM 0.66 0.95
CV (%) 1.54 2.15
Maize leaf number per plant
Lamu - cowpea 12.27 13.37 14.03 13.22 8.60 8.87 9.67 9.05
DHO04 - cowpea 12.33 12.37 13.27 12.66 7.57 7.73 1530 7.65
Mean-FYM 12.30 12.87 13.65 8.09 830 1249
P-value (CPS) 0.009 0.0001
P-value (FYM) 0.002 0.0001
P-value (CPS x FYM) 0.004 0.0001
LSDg s CPS 0.39 0.22
LSDg0s FYM 0.48 0.27
LSDg 5 CPS x FYM 0.72 0.41
CV (%) 2.88 2.20

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure

8.4.5 Plant heights of cowpea and maize

Application of farmyard manure, cropping system and their interactions significantly affected

cowpea and maize plant height (Table 8.6). Application of 5.0 t/ha farmyard manure

significantly increased cowpea plant height relative to the cereal in both cropping systems at

both sites. Application of 2.5 t/ha FYM increased cowpea plant height only in Mtwapa. The

average plant height at Mtwapa was 37.0% higher than at Kilifi. Application of farmyard

manure significantly increased maize plant height in both cropping systems at both sites
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(Table 8.6). Farmyard manure application increased maize plant height at Kilifi and at

Mtwapa by 8.7% and 14.3%, respectively.

Table 8.6: Effects of cropping system and farmyard manure application on plant height
(cm) of cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012

seasonn
Cropping system Kilifi Mtwapa
(CPS)
Fo Fi F2 CPS- Fo Fy F, CPS-
mean mean
Cowpea plant height (cm)
Lamu - cowpea 18.37 19.07 29.53 22.32 22.67 29.73 33.70 28.70
DHO04 - cowpea 19.90 20.33 27.67 22.63 25.67 36.47 36.50 32.88
Mean-FYM 19.14 19.70 28.60 24.17 3310 35.10
P-value (CPS) 0.0001 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0020 0.0001
LSDg s CPS 0.54 0.31
LSDoos FYM 0.66 0.38
LSDo s CPS X FYM 0.98 0.56
CV (%) 2.24 0.95
Maize plant height (cm)
Lamu - cowpea 155.63 175.50 177.00 169.38 128.77 14430 160.87 144.65
DHO04 - cowpea 146.83 147.77 151.90 148.83 132.87 137.73 138.10 136.23
Mean-FYM 151.23 161.64 164.45 130.82 141.02 149.49
P-value (CPS) 0.0001 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0001 0.0001
LSDg05s CPS 1.24 2.28
LSDg0s FYM 1.52 2.79
LSDg 5 CPS x FYM 2.28 4.17
CV (%) 0.74 1.54

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure

Application of farmyard manure levels of 2.5 t/ha and 5.0 t/ha significantly increased maize

plant height in Kilifi by 6.9% and 8.7%, respectively. In Kilifi intercropped maize was
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significantly taller than intercropped maize in Kilifi. Maize plant height average at Mtwapa

was 11.7% lower than at Kilifi.
8.4.6 Cowpea root nodule number

Farmyard manure application, cropping system and their interaction had significant effect on
cowpea number of root nodules in Mtwapa. In Kilifi, cropping system and farmyard manure
application had no effect on number of nodules (Table 8.7). Application of farmyard manure
significantly reduced the number of root nodule of cropping systems at both sites. Farmyard
manure application rate of 5.0 t/ha resulted in lower number of nodules per plant than 2.5 t/ha
in both cropping system at both sites. Cowpea intercropped with DHO04 maize variety had
higher number of root nodules than cowpea intercropped with Lamu maize variety. The

average number of root nodules at Mtwapa was 34.2% higher than at Kilifi.

Table 8.7: Effects of cropping system and farmyard manure application on number of
cowpea root nodules per plant at kilifi and at mtwapa sites during July — October
2011/2012 seasonn

Cropping system Kilifi Mtwapa
(CPS) Fo FR,  F CPS- R F, F,  CPS
mean mean
Lamu - cowpea 11.07 760 717 861 6.10 487 440 512
DHO04 - cowpea 1427 1283 830 11.80 1750 450 297 832
FYM-mean 12.67 10.22 7.74 11.80 4.69 3.69
P-value (CPS) 0.673 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM) 0.0001 0.0001
LSDo.05s CPS Ns 0.10
LSDg0s FYM 0.84 0.12
LSDg s CPS X FYM 1.25 0.54
CV (%) 5.48 1.37

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure.
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8.4.7 Pods per plant and grain per pod of cowpea

Farmyard manure application, cropping system and their interaction significantly affects the
number of cowpea pods per plant and grains per pod in both cropping systems and at both
sites (Table 8.8). Application of 5.0 t/ha FYM had higher number of cowpea pods per plant
than application of 2.5 t/ha FYM.

Table 8.8: Effects of cropping system and farmyard manure application on number pods

per plant and grains per pod of cowpea at kilifi and at mtwapa sites during July — October
2011/2012 seasonn

Cropping system Kilifi Mtwapa
(CPS) Fo F, F,  CPs- Fo F. F,  CPS-mean
mean
Cowpea number of pods per plant
Lamu - cowpea 4.50 6.30 7.63 6.14 1.67 237 2.80 2.28
DHO04 - cowpea 6.03 6.23 8.13 6.80 2.23 2.33 3.00 252
Mean-FYM 5.27 6.27 7.88 1.95 2.35 2.90
P-value (CPS) 0.011 0.009
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.033 0.026
LSDg s CPS 0.47 0.18
LSDoos FYM 0.58 0.22
LSDo s CPS X FYM 0.86 0.33
CV (%) 6.94 7.06
Cowpea number of grains per pod
Lamu - cowpea 13.37 14.07 14.83 14.09 4.87 493 570 5.17
DHO04 - cowpea 12.17 1343 14.40 13.33 4.70 503 5.10 4.94
Mean-FYM 12.77  13.75 14.62 4.79 498 5.40
P-value (CPS) 0.00 0.06
P-value (FYM) 0.19 0.20
P-value (CPS x FYM)  0.00 0.00
LSDg s CPS 0.36 0.25
LSDg s FYM Ns Ns
LSDo s CPS x FYM 0.66 0.45
CV (%) 2.49 4.63

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard
manure
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Cowpea intercropped with DHO04 maize variety had higher number of cowpea pods per plant
than cowpea intercropped with Lamu maize variety at both sites. Farmyard manure
application rate of 2.5 t/ha increased the number of cowpea pods per plant at Kilifi and at
Mtwapa by 19.0% and 20.5%, respectively, while 5.0 t/ha FYM increased the number of
cowpea pods per plant in Kilifi and Mtwapa by 49.8% and 48.7%, respectively. The average
numbers of pods per plant in Kilifi was 62.9% higher than in Mtwapa. Farmyard manure
application had no significant effect on the number of cowpea grains per pod at both sites.
There was however, no significant difference between the numbers of cowpea grains per pod

for the two cropping systems in both sites.
8.4.8 Ears per plant and 100-grain weight of maize

Application of farmyard manure, cropping system and their interactions had significant effect
on the number of maize ears per plant of both cropping systems and at both sites (Table 8.9).
At Kilifi, application of farmyard manure rates of 2.5 t/ha and 5.0 t/ha increased the number
ears per plant at Kilifi by 27.6% and 41.4%, respectively. Application of 2.5 t/ha and 5.0 t/ha
farmyard manure levels at Kilifi increased the number of ears per plant by 31.0% and 53.5%,
respectively, in Lamu maize intercropped with cowpea. The average number of maize ears
per plant in Kilifi was 63.4% higher than in Mtwapa. Farmyard manure application and the
interaction between farmyard manure and cropping system significantly affected maize 100-
grain weight of both cropping systems at both sites (Table 8.10). Cropping system
significantly affected maize 100-grain weight in Kilifi only. Application of 2.5 t/ha and 5.0
t/ha FYM significantly increased maize 100-grain weight by 7.1% and 12.1%, respectively at
Kilifi. The cropping systems were not significantly different. The average 100-grain weight

in Kilifi was 1.9% higher than Mtwapa.
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Table 8.9: Effects of cropping system and farmyard manure application on number ears
per plant and 100-grain weight (g) of maize at Kkilifi and at mtwapa sites during July —
October 2011/2012 seasonn

Cropping system Kilifi Mtwapa
(CPS) Fo F, F, CPS-mean Fy Fi F, CPS- mean
Maize number of ears per plant
Lamu - cowpea 0.58 0.76 0.89 0.74 0.21 028 033 0.27
DHO04 - cowpea 0.58 071 075 0.73 0.23 026 027 0.25
Mean-FYM 0.58 0.73 0.82 0.22 0.27 0.30
P-value (CPS) 0.0001 0.0005
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0001 0.0001
LSDg05s CPS 0.01 0.01
LSDg05 FYM 0.02 0.01
LSDg 5 CPS x FYM 0.03 0.02
CV (%) 1.7 3.21
Maize 100-grain weight (g)
Lamu - cowpea 28.40 30.20 35.50 31.40 30.57 32.07 3227 31.64
DHO04 - cowpea 30.83 33.30 30.90 31.70 28.40 28,53 3353 30.14
Mean-FY M 29.62 31.70 33.20 29.49  30.30 32.90
P-value (CPS) 0.009 0.576
P-value (FYM) 0.016 0.002
P-value (CPS x FYM)  0.0002 0.0005
LSDg05 CPS 1.01 Ns
LSDg05s FYM 1.24 1.57
LSDg0s CPS X FYM 1.86 2.35
CV (%) 3.13 3.88

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard
manure

8.4.9 Cowpea 100-grain weight and grain yield

Farmyard manure application, cropping system and their interaction had significant effects on
cowpea 100-grain weight of both cropping systems at Mtwapa but not at Kilifi (Table 8.10).
Application of farmyard manure significantly reduced cowpea 100-grain weight in both

cropping systems. However, there was no significant difference between 0 t/ha and 2.5 t/ha of
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farmyard manure applications. Cowpea intercropped with Lamu maize varieties had higher

100-grain weight than cowpea intercropped with DHO04 maize variety.

Table 8.10: Effects of cropping system and farmyard manure application on 100-grain
weight (g) and grain yield (t/ha) of cowpea at kilifi and at mtwapa sites during July —
October 2011/2012 season

Cropping system Kilifi Mtwapa
(CPS) Fo F, F  CPs- Fo Fi F,  CPS-mean
mean
Cowpea 100-grain yield (g)
Lamu - cowpea 1484 1483 14.00 14.56 5.82 555 526 554
DHO04 - cowpea 13.96 13.25 1452 13.91 5.47 528 492 522
Mean-FYM 14.4 14.04 14.26 5.65 542 5.09
P-value (CPS) 0.156 0.0001
P-value (FYM) 0.789 0.0001
P-value (CPS x FYM)  0.169 0.0001
LSD0.05 CPS Ns 0.02
LSDg s FYM Ns 0.03
LSDg 5 CPS x FYM Ns 0.04
CV (%) 6.29 0.39
Cowpea grain yield (t/ha)
Lamu - cowpea 0.36 015 012 021 0.23 022 013 0.19
DHO04 - cowpea 0.15 0.13 011 0.13 0.23 019 019 0.20
Mean-FYM 0.26 0.14 0.12 0.23 021 0.16
P-value (CPS) 0.002 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.195 0.0001
LSDg s CPS 0.01 0.01
LSDg05s FYM 0.02 0.01
LSDg 5 CPS x FYM Ns 0.02
CV (%) 5.89 7.72

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure

Farmyard manure application, cropping system and their interactions had significant effects

on cowpea grain Yyield of both cropping systems at both sites (Table 8.10). Application of

farmyard manure significantly reduced cowpea grain yield in both cropping systems at both

sites. Application of 2.5 t/ha and 5.0 t/ha FYM decreased percent cowpea grain yield of
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cowpea intercropped with Lamu maize by 58.3% and 66.7%, respectively, at Kilifi. Cowpea

grain yield at Mtwapa was higher than at Kilifi by 17.7%.

8.4.10 Stover yield and grain yield of maize

Farmyard manure application, cropping system and their interactions significantly affected

maize stover yield and grain yield in both cropping systems at both sites (Table 8.11).

Table 8.11: Effects of cropping system and farmyard manure application on maize stover
yield (t/ha) and grain yield (t/ha) at kilifi and at mtwapa sites during July — October

2011/2012 season
Cropping system Kilifi Mtwapa
(CPS) Fo F, F, CPS-mean Fq F, F, CPS-mean
Maize stover yield (t/ha)
Lamu - cowpea 3.59 448 461 4.23 1.03 155 165 141
DHO04 - cowpea 3.67 407 424 3.99 0.95 1.05 135 1.12
Mean-FYM 3.63 428 4.43 0.99 1.30 1.50
P-value (CPS) 0.0001 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0003 0.0001
LSDg05 CPS 0.32 0.04
LSDg05s FYM 0.39 0.04
LSDo s CPS x FYM 0.59 0.06
CV (%) 0.01 2.68
Maize grain yield (t/ha)
Lamu - cowpea 1.86 237 290 2.38 0.56 0.73 0.85 0.71
DHO04 - cowpea 2.12 240 2.86 246 0.65 0.83 0.97 0.82
Mean-FYM 1.99 2.39 2.88 0.61 0.78 0.91
P-value (CPS) 0.0001 0.0001
P-value (FYM) 0.0001 0.0001
P-value (CPS x FYM)  0.0020 0.0001
LSDg.05 CPS 0.17 0.02
LSDg s FYM 0.28 0.02
LSDg 5 CPS x FYM 0.31 0.03
CV (%) 6.92 2.19

Fo = No farmyard manure; F; = 2.5 t/ha farmyard manure; and F, = 5.0 t/ha farmyard

manure
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Application of farmyard manure significantly increased maize stover yield and grain yield in
both cropping systems at both sites. Application of 2.5 t/ha and 5.0 t/ha farmyard manure
increased maize stover yields in Kilifi by 17.9% and 22.0%, respectively, while in Mtwapa
the increase was 31.3% and 51.5%, respectively. The average maize stover yields at Kilifi
were 69.3% higher than at Mtwapa. Farmyard manure application rates of 5.0 t/ha had higher
grain yield than 2.5 t/ha at both sites. DHO4 maize variety intercropped with cowpea had
higher maize grain yield than Lamu maize variety intercropped with cowpea under all
farmyard manure levels. Application of 2.5 t/ha and 5.0 t/ha farmyard manure increased
average maize grain yield by 20.1% and 44.7% respectively in Kilifi. At Mtwapa, application
of 2.5 t/ha and 5.0 t/ha farmyard manure increased average maize grain by 27.9% and 37.7%,

respectively. The average maize grain yield at Kilifi was 68.2% higher than at Mtwapa.
8.5 Discussion
8.5.1 Soil moisture content

Application of 2.5 and 5 t/ha FYM/ha significantly increased the soil moisture content
relative to the non-fertilized control at 20, 40 and 60 cm soil depths. Mossaddeghi et al.,
(2000) reported an increase in soil moisture content due to farmyard manure application. The
non-fertilized control plots and 2.5 t FYM /ha plots had higher moisture content than 5 t
FYM/ha at 60 and 80 cm soil depths. This could be attributed to the fact that farmyard
manure improves penetration and subsequent deep establishment of crop roots (Hati et al.,
2006; Li et al., 2010) that helps to help maintain high relative plant water content under soil
moisture stress conditions (Hati et al., 2006). Application of 5t FYM /ha may have caused
greater root penetration into the soil thus leading to greater exploitation of moisture at lower
soil levels. Further, 5 t FYM/ ha may have provided higher nutrient levelsl thereby enhancing

plant growth and water uptake (Rasool et al., 2013). DHO04-cowpea intercrop had
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significantly higher soil moisture content than Lamu-cowpea intercrop at all growth stages at
20, 40 and 60 cm, suggesting that Lamu maize variety used more moisture than DHO4 maize

variety (see chapter 6 and 7).
8.5.2 Chlorophyll contents of cowpea and maize

Application of farmyard manure significantly reduced cowpea chlorophyll content at Kilifi.
Shaker-Kooh et al., (2014) reported significant reduction in chlorophyll content of mung-
bean intercropped with sorghum under different replacement ratios. The cereal crop had a
competitive advantage over the legume. Farmyard manure application resulted in an increase
in maize chlorophyll content in both sole crop and intercrop systems at Kilifi. Ghosh et al.
(2006) reported increase in chlorophyll content of sorghum intercropped with soybean due to
farmyard manure application. The increase in chlorophyll content could be attributed to increased
photosynthesis due to nutrient release and soil moisture conservation effect of the farmyard

manure which was observed in the current study.
8.5.3 Canopy temperature

Application of farmyard manure resulted in significant reduction in canopy temperature of
intercrops in both sites. This observation is in agreement with the study by Naresh et al.,
(2014) who reported reduction in canopy temperature under maize legume intercrop. This
was attributed to the water conservation effect of farmyard manure. According to Jones et al.,
(2009), the major determinant of leaf temperature is the rate of evaporation or transpiration
from the leaf. Water deficit results in stomatal closure, which leads to increased temperature.
The significant reduction in canopy temperature observed with farmyard manure application
indicates that there was no severe water stress conditions to trigger the closure of stomata to
avoid dehydration (Hamidou et al., 2007). In fact, farmyard manure application significantly

increased moisture content relative to the control at all stages in this study. Cropping systems
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had significantly lower canopy temperatures in Kilifi than in Mtwapa. This could be
attributed to the fact that Kilifi received 43.8 % higher amount of rainfall than Mtwapa

(Appendix 1).
8.5.4 Cowpea root nodule number

Farmyard manure significantly reduced the number of cowpea root nodules in both cropping
systems. This finding is in agreement with the study by Otieno et al., (2007) who reported a
reduction in nodulation in several legume species due to nitrogen from the mineralized
manure which impacted negatively on nodulation. Organic manures commonly have C:N
ratios of less than 30:1 and therefore decompose and often to release N rapidly (Giller, 2001).
The nutrients released by farmyard manure could have resulted in increased maize growth
parameters at the expense of cowpea growth parameters. Cowpea intercropped with DHO04
had significantly higher number of cowpea root nodules than cowpea intercropped with
Lamu. This observation could be attributed to the fact that Lamu variety which was taller
than DHO4 shaded cowpea more than DHOA4. Egbe et al. (2013) reported that shading
reduced nodule formation in cowpea. The average number of root nodules at Mtwapa was
34.2% lower than at Kilifi. Competition for moisture at Mtwapa could have resulted to the
significantly lower number of cowpea root nodules because Kilifi received 43.8 % more

rainfall than Mtwapa (Appendix 1).
8.5.5 Ground cover and growth parameters of cowpea and maize

The study has shown that application of farmyard manure resulted in a significant increase in
percent ground cover and growth parameters of cowpea and maize. In studies by Adeoye et
al., (2011) and Mohamed et al., (2011) application of farmyard manure increased cowpea
leaf number and plant height. According to Adeyemo and Agele (2010), response of various

maize growth parameters depended on farmyard manure levels applied. Further, organic
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manures improve soil-water-plant relations through modifying bulk density, total porosity,
soil water retension (Obi and Ebo, 1995). Most of the cowpea growth parameters were higher
under DHO4 - cowpea intercrop. This could be explained by the fact that Lamu maize variety
was taller than DHO4 maize variety. The Lamu-cowpea intercrop had significantly lower soil
moisture content at booting stage which could have made the cowpea to suffer greater
interspecies competition. The increase in growth parameters was higher under 5.0 t/ha
farmyard manure application rate than at 2.5 t/ha of farmyard manure. The increase in growth
parameters was higher in Kilifi than in Mtwapa partly because Kilifi received higher amount
of rainfall than Mtwapa (Appendix 1). Most of the maize growth parameters were higher
under Lamu-maize intercropped with cowpea than under DHO4 maize intercropped with

cowpea.
8.5.6 Yield and yield components of cowpea and maize

The study has shown that application of farmyard manure reduced cowpea 100-grain weight
and grain yield at both sites. Amujoyegbe and Elemo, (2013) reported that application of
farmyard manure significantly reduced grain yield and yield components of intercropped
cowpea. This could be attributed to the fact that farmyard manure application significantly
increased maize growth, resulting in shading of cowpea intercrop. Eskandari (2012) reported
that shading had a significant effect on cowpea under intercropping system because being the
shorter component in the intercrop system it could not compete effectively for light resources.
Cowpea yield and yield components were higher when cowpea was intercropped with DHO04
maize variety than under intercrop with Lamu maize variety at both sites. Lamu maize variety
was significantly taller than DHO4 maize, hence it could have shaded the cowpea leading to
low cowpea grain yield and yield components. Grain yield and yield components were higher
at Kilifi than at Mtwapa possibly because Kilifi received 43.8 % more rainfall than Mtwapa
(Appendix 1).
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Farmyard manure application increased the number of ears per plant, 100-grain weight and
grain yield of maize. Adeyemo and Ageles (2010) and Agbogidi (2010) reported an increase
in maize yield and yield components due to manure application. Application of farmyard
manure considerably improves soil physical properties and nutrient uptake resulting in
increased yield and yield components (Awad et al., (2002). In this study farmyard manure
application significantly increased moisture content relative to the control at all stages
Application of 5t FYM/ha had greater yield than 2.5 t FYM/ha possibly due to increased
moisture and nutrient uptake. It is worth noting that plots supplied with 5 t FYM/ha had
lower moisture content at 60 and 80 cm depths than 2.5 t FYM/ha Maize yield and yield
components were significantly higher under Lamu-cowpea intercrop than under DHO4-
cowpea intercrop. The taller Lamu maize variety could have had an advantage over the
shorter DHO4 maize since plant height is a major determinant of a plant’s ability to compete
for light (Falster and Westoby, 2003). Maize yield and yield components were significantly
higher in Kilifi than in Mtwapa because Kilifi received 43.8% higher amount of rainfall than

Mtwapa.
8.6 Conclusion

Farmyard manure application significantly increased soil moisture content at all growth
stages at 20, 40 and 60 cm soil depths. Application of FYM significantly reduced cowpea
growth parameters, yield components and grain yield while the converse was true for maize
under maize-cowpea intercropping system. The performance of DHO04-cowpea intercrop was

significantly higher than Lamu-cowpea intercrop in most plant attributes measured.
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CHAPTER NINE: EFFECT OF N-FERTILIZER APPLICATION ON SOIL
MOISTURE CONTENT, CANOPY TEMPERATURE, GROWTH AND YIELD

MAIZE - COWPEA INTERCROPS

9.1 Abstract

Nitrogen is a major yield determining nutrient in maize production. Soils in coastal lowland
Kenya are generally low in N and require replenishment using inorganic fertilizers. The
objective of the study was to investigate the effect of varying N-fetilizer application on soil
moisture content, canopy temperature, growth and yield of maize-cowpea intercrop. An
experiment was carried out at Pwani University and Kenya Agricultural Research Institute-
Mtwapa in 2011 and 2012. The experiment was laid out in a randomized complete block
design with a factorial arrangement of treatments and replicated three times. Treatments
consisted of two cropping systems and three N-fertilizer rates. The cropping systems were:
Dryland Hybrid 04 and Lamu maize varieties intercropped with cowpea variety Nyeupe. The
N-fertilizer rates comprised: control (no N-fertilizer), 30 kg N/ha and 60 kg N/ha. Data
collected included: soil moisture content, canopy temperature, weed biomass, chlorophyll
content, percent ground cover, leaf number, plant height, grain weight and grain yield of
maize and cowpea, cowpea root nodule number, numbers of pods per plant, number of grains
per pod, maize ears per plant and stover yield. Data was subjected to analysis of variance
using SAS statistical package. Where the F values were significant, means were compared
using the least significant difference (LSD) test, at p = 0.05. Application of N-fertilizer
significantly increased soil moisture content, maize growth parameters, yield components and
grain yield while the converse was true for cowpea. Maize under DHO04-cowpea intercrop had

higher performance than under Lamu-cowpea intercrop.
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9.2 Introduction

Maize (Zea mays L.) and cowpea (Vigna unguiculata L.) are important components of
traditional mixed cropping systems in many countries of the world (Iderawumi, 2014).
Intercropping system has for long been used by traditional farmers as a risk avoidance
mechanism against total crop failure and it can be used to increase food supply without
decreasing the suitability of the soil (Rehman, 2010). A report by Saha (2007) indicates that
over 90% of the smallholder farmers in the coastal lowland Kenya, intercrop or relay maize
and cowpea during the long rains season. Adediran and Banjoko (1995) indicated that in crop
production nitrogen is an essential macronutrient required by cereals and it is a major yield
determining nutrient required for maize production. It is a component of proteins and nucleic
acids and also enhances and facilitates the utilization of other nutrients like phosphorus,
potassium and other elements (Adediran and Banjoko, 1995). Nitrogen is also the most
vulnerable of all the plant nutrients in the soil; as it is highly volatile and can be readily
leached. Increasingly high cost of fertilizer has made the knowledge of the effectiveness of its
use by maize and other plants inevitable (Moll et al., 1982). Usually the crop uses 30 to 50%
of the inorganic nitrogen fertilizer applied, the rest is lost by volatilization, denitrification or

leaching (Stewart et al., 2005).

Amujoyegbe and Elemo (2013) and Thobatsi (2009) reported enhanced early ground cover,
canopy formation in maize-cowpea intercrop with increase in fertilizer rates. When nitrogen
fertilizer is added to cowpea intercropped with maize the cowpea use the inorganic nitrogen
instead of fixing nitrogen from the air and thus competes with maize for nitrogen. However,
when nitrogen fertilizer is not applied, the cowpea under intercrop will fix most of their
nitrogen and not compete with maize for nitrogen resources (Adu-Gyamfi et al., 2007).

Maintenance of the soil fertility status is an important factor in order to obtain stable and
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sustainable agro-ecosystem (Graham and Vance, 2000). The use of a suitable and balanced
use of fertilizers is one of the different factors which influence crop yield and its contributory
factors (Rehamn, 2010). Therefore a study was set up to investigate the effect of varying N-
fetilizer application on growth and yield of intercropped maize and cowpea in coastal

lowland Kenya.
9.3 Materials and Methods
9.3.1 Study site

The study was carried out at Pwani University and Kenya Agricultural and Livestock
Research Organization (KALRO) Mtwapa, both located at Kilifi County in the coastal region
of Kenya. Pwani University is located 60 km north of Mombasa between latitudes 3° S and 4°
S and longitudes 39° E and 40° E. Kenya Agricultural and Livestock Research Organization
(KALRO) Mtwapa is situated at 30 m ASL, 39.219° E and 4.347° S, 20 km north of
Mombasa (Jaetzold et al., 2012). The two sites are situated in coastal lowland zone 4 (CL4).
The region receives an average annual rainfall of 600-1100 mm that comes in two seasons
(Sombroek et al., 1982). The long rains are received in March/April through August while
the short rains are received in October, November and December. The long rains season is
the most important cropping season as it receives 75% of the annual rainfall (Saha, 2007).
Mean monthly minimum and maximum temperatures of about 22°C and 30°C respectively,
and mean relative humidity of 80% (Jaetzold et al., 2012). According to Sombroek et al.,
(1982) the soils in coastal lowland Kenya are mostly ferralsols. These soils have low organic
matter content, are deficient in essential plant nutrients (especially nitrogen), prone to
leaching, and have a pH ranging between 5 and 7 (Mureithi et al., 1995). The rainfall,

temperature and relative humidity at the Kilifi and Mtwapa sites are shown in appendix 1.
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9.3.2 Experimental design, treatments and crop husbandry

The study evaluated the effect of intercropping maize with cowpea variety under different N-
fetilizer rates. The experiment was laid out in a randomized complete block design with a
factorial arrangement of treatments and replicated three times. The experiment consisted of
two cropping systems and three N-fertilizer rates. The cropping systems were: maize variety
Dryland Hybrid 04 (DHO04) intercropped with cowpea variety Nyeupe and Maize variety
Lamu intercropped with cowpea variety Nyeupe. The N-fertilizer rates comprised: control
(no N-fertilizer), 30 kg N/ha and 60 kg N/ha. A drought/insect pest resistant and farmer
preferred cowpea variety Nyeupe was used for intercropping with maize. Plot size and
spacing are as directed in previous chapters. Triple superphosphate (46% P,0s) was applied
at the rate of 20 kg P/ha in all plots. The source of nitrogen was calcium ammonium nitrate

(26 % N).
9.3.3 Data collected

Data collected included: soil moisture content, canopy temperature, weed biomass,
chlorophyll content, percent ground cover, leaf number, plant height, grain weight and grain
yield of maize and cowpea, cowpea root nodule number, numbers of pods per plant, number
of grains per pod, maize ears per plant and stover yield. Data was collected as described in

chapter six.
9.3. 4 Data analysis

Collected data were analyzed by the general linear model (GLM) procedure for analysis of
variance using SAS statistical package (SAS Institute, 1993). Where the F values were
significant, means were compared using the least significant difference (LSD) tests, at p =

0.05.
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9.4 Results
9.4.1 Soil moisture content

Cropping systems, N-fertilizer application and their interaction had significant effects on soil
moisture content at most sampling depths and growth stages (Table 9.1 and 9.2). Application
of 30 kg N/ha caused a significant increase in soil moisture content at most growth stages and
soil depths. Application of 60 N kg/ha had significantly lower soil moisture content than 30 N
kg/ha at most growth stages and soil depths (Table 9.2). DHO04-cowpea intercrop plots had
significantly higher soil moisture content than Lamu-cowpea intercrop plots under 0 kg N/ha
at most growth stages. In contrast, Lamu-cowpea intercrop generally had higher moisture

content than DHO4-cowpea intercrop at 30 and 60 kg N/ha at most growth stages.
9.4.2 Ground cover and canopy temperature

Cropping system, N-fertilizer application and their interactions significantly affected ground
cover and canopy temperature at both sites (Table 9.3). Application of 60 kg/ha increased
percent ground cover in both cropping systems and sites, while application of 30 kg N/ha
increased percent ground cover in Lamu-cowpea intercrop at Kilifi and DHO04-cowpea
intercrop at Mtwapa. Increasing N-fetilizer application from 30 kg N/ha to 60 kg N/ha
increased percent ground cover in Lamu-cowpea at Kilifi but not at Mtwapa. DHO4-cowpea
intercrop had significantly higher percent crop ground cover than Lamu-cowpea intercrop at
0 and 30 kg N/ha at Kilifi and 30 and 60 kg N/ha at Mtwapa. Application of 60 kg N/ha N-
fertilizer significantly reduced canopy temperatures in both cropping systems at Kilifi and
Lamu-cowpea intercrop at Mtwapa (Table 9.3). . Application of 30 kg N /ha N-fertilizer
level had no significant effect on canopy temperature. The two cropping systems had
generally similar canopy temperatures across the different N levels except at 60 Kg N/ha at

Mtwapa where Lamu-cowpea intercrop had a significantly lower temperature than DHOA4-
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cowpea intercrop. Crop canopy temperatures were significantly higher at Mtwapa than at

Kilifi.

Table 9.1: Effects of cropping system and N-fertilizer application at different growth stages

on soil moisture (% per volume) at 20 and 40 cm soil depths.

Cropping system (CPS)

20 cm soil depth

40 cm soil depth

0 30 60 Mean- 0 30 60 Mean-
kg/ha  kg/ha kg/ha CPS kg/ha kg/ha kg/ha CPS
Booting stage
Lamu-cowpea 9.47 10.20 11.22 10.30 1859 2242 1953  20.18
DHO04-cowpea 1177 1035 1055 10.89 18.64 1959 1438 17.54
Mean-N-fert 10.62  10.28 10.89 18.62 21.01 16.96
P-value (CPS) 0.002 0.0008
P-value (N-fert) 0.019 0.0006
P-value (CPS x N-fert)  0.0001 0.011
LSDo g5 (CPS) 0.30 1.25
LSDg .05 (N-fert 0.37 1.52
LSDg05 (CPS x N-fert)  0.47 1.93
Silking stage
Lamu-cowpea 1859 2242 1953 20.18 21.28 26.81 1945 2251
DHO4-cowpea 18.64 1959 1759 1861 2542 2295 1759 2199
Mean-N-fert 18.62  21.01 18.56 23.35 24.88 18.52
P-value (CPS) 0.019 0.347
P-value (N-fert) 0.01 0.0001
P-value (CPS x N-fert)  0.145 0.0009
LSDg .05 (CPS) 1.28 NS
LSDg .05 (N-fert 1.55 1.65
LSDg0s5 (CPS x N-fert) NS 2.10
Maturity stage
Lamu-cowpea 8.68 9.87 8.77 911 1248 1447 1174 1290
DHO04-cowpea 9.19 9.74 1759 1217 1352 1245 1759 1452
Mean-N-fert 8.94 9.81 13.18 13.00 1346 14.67
P-value (CPS) 0.0001 0.006
P-value (N-fert) 0.0001 0.031
P-value (CPS x N-fert)  0.0001 0.0001
LSDo.0s5 (CPS) 0.59 0.99
LSDg .05 (N-fert 0.72 0.88
LSDg05 (CPS x N-fert)  0.91 1.53
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Table 9.2: Effects of cropping system and N-fertilizer application at different growth stages

on soil moisture (% per volume) at 60 and 80 cm soil depths.

Cropping system

60 cm soil depth

80 cm soil depth

(CPS) 0 30 60 Mean- 0 30 60 Mean-
kg/ha kg/ha  kg/ha  CPS kg/ha kg/ha  kg/lha  CPS
Booting stage
Lamu-cowpea 1859 2242 1953  20.18 8.68 9.87 8.77 9.11
DHO04-cowpea 18.62 1959 17.62 18.61 9.19 9.84 24.42  14.48
Mean-N-fert 18.61 21.01 18.58 8.94 9.86 16.60
P-value (CPS) 0.014 0.0001
P-value (N-fert) 0.007 0.0001
P-value (CPS x N-fert) 0.115 0.0001
LSDg .05 (CPS) 1.22 0.54
LSD0.05 (N-fert 1.49 0.65
LSDg05 (CPS x N-fert) NS 0.83
Silking stage
Lamu-cowpea 2531 2743 1406  22.267 28.73 2949 2762 2861
DHO04-cowpea 28.38 27.65 1759  24.540 29.76  30.23 1759 25.86
Mean-N-fert 26.85 2754 15.83 29.25 29.86 22.61
P-value (CPS) 0.017 0.0001
P-value (N-fert) 0.0001 0.0001
P-value (CPS x N-fert) 0.0001 0.0001
LSDg .05 (CPS) 0.73 0.45
LSDg .05 (N-fert 0.89 0.55
LSDgs (CPS x N-fert)  1.13 0.70
Maturity stage

Lamu-cowpea 1540 2125 1341 16.69 2254 2423 1855 21.77
DHO04-cowpea 1948 15.99 17.59 17.69 2347 22.45 17.59 21.17
Mean-N-fert 1744 18.62 15.50 23.01 23.34 18.07
P-value (CPS) 0.365 0.138
P-value (N-fert) 0.043 0.0001
P-value (CPS x N-fert) 0.002 0.05
LSDg .05 (CPS) NS NS
LSD0.05 (N-fert 2.32 1.13
LSDg05 (CPS x N-fert) 2.95 1.43
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Table 9.3: Effects of cropping system and N-fertilizer application on percent crop ground
cover and canopy temperature (°C) at kilifi and at mtwapa sites during July — October
2011/2012 season

Cropping system (CPS) Kilifi Mtwapa

No N1 N> CPS- No N1 N> CPS-

mean mean
Percent ground cover
Lamu - cowpea 76.77 8233 86.03 81.71 23.43 28.77 30.60 27.60
DHO04 - cowpea 83.77 85.40 86.63 85.27 25.33 46.33 5457 42.08
Mean-N-fert 80.27 83.87 86.33 24.38 3755 4259
P-value (CPS) 0.0002 0.0003
P-value (N-fert) 0.0001 0.006
P-value (CPS x N-fert)  0.002 0.001
LSDg .05 (CPS) 1.37 5.86
LSDo,05 (N-fert) 1.67 7.17
LSDg0s (CPS x N-fert) ~ 2.50 10.72
CV (%) 1.56 16.00
Canopy temperature (°C)

Lamu - cowpea 2547 2487 2327 2454 27.61 27.28 24.04 26.31
DHO04 - cowpea 26.20 2543 23.33 24.99 26.82 26.80 2550 26.37
Mean-N-fert 25.84 2515 23.30 27.22 27.04 2477
P-value (CPS) 0.327 0.840
P-value (N-fert) 0.196 0.067
P-value (CPS x N-fert)  0.02 0.0004
LSDg o5 (CPS) Ns Ns
LSDo s (N-fert) 1.21 0.89
LSDogs (CPS x N-fert) 2.4 1.33
CV (%) 3.79 2.63

No = No N-fertilizer; N; = 30 kg/ha N-fertilizer and N, = 60 kg/ha N-fertilizer
9.4.3 Chlorophyll contents of cowpea and maize

Cropping system, N-Fertilizer application and their interactions significantly affected
cowpea chlorophyll content at both sites and maize chlorophyll content at Mtwapa (Table
9.4). Application of 60 kg N/ha reduced cowpea chlorophyll content relative to 30 kg N/ha
and control in both cropping systems at both sites. Application of 30 kg N/ha had no

significant effect on cowpea chlorophyll content at Kilifi, but decreased this parameter at
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Mtwapa. Lamu maize intercropped with cowpea had higher chlorophyll content than DHO4
maize intercropped with cowpea at Kilifi, but the converse was the case at Mtwapa. The
average chlorophyll content of cowpea at Kilifi was 10.5% higher than at Mtwapa. N-
Application of N-fertilizer significantly increased maize chlorophyll content of both cropping
systems at both sites. At Mtwapa however, there was no significant increase in maize
chlorophyll content as N rate increased from 30 N kg/ha to 60 N kg/ha. Lamu maize
intercropped with cowpea had higher maize chlorophyll content than DHO04 maize
intercropped with cowpea at 0 kg N/ha in Kilifi and 30 and 60 kg N/ha at Mtwapa. Average

maize chlorophyll content at Mtwapa was higher by 20.6% than at Kilifi.
9.4.4 Leaf numbers of cowpea and maize

Cropping system, N-Fertilizer application and their interactions significantly affected cowpea
and maize leaf numbers at both sites (Table 9.5). Application of N-fetilizer significantly
reduced cowpea leaf numbers in both cropping systems at Kilifi and in DHO04-cowpea
intercrop system at Mtwapa. At Mtwapa, there were no significant differences in cowpea leaf
number among all fertilizer rates in Lamu-cowpea intercrop and between 30 kg N/ha and 60
kg N/ha. The average ccowpea leaf number at Mtwapa was 24.9% higher than at Kilifi.
Application of N-fertilizer significantly increased maize leaf number of cropping systems at
Mtwapa but not at Kilifi (Table 9.5). There was no significant difference between 30 kg/ha
and 60 kg/ha of N-fertilizer applications at Mtwapa. DHO4 maize intercropped with cowpea
had significantly higher maize leaf number than Lamu maize intercropped with cowpea at

Kilifi while, the converse was the case at Mtwapa.
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Table 9.4: Effects of cropping system and N-fertilizer application on chlorophyll content
(index) of cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012

season

Cropping system (CPS) Kilifi Mtwapa

No N1 N, CPS- No N1 N> CPS-

mean mean
Cowpea chlorophyll index
Lamu - cowpea 59.56 59.24 53.40 57.40 49.63 47.73 4517 4751
DHO04 - cowpea 55.96 5458 50.83 53.79 52.93 52.60 48.03 51.19
Mean-N-fert 57.76 56.91 52.12 51.28 50.17 46.60
P-value (CPS) 0.0001 0.0001
P-value (N-fert) 0.005 0.012
P-value (CPS x N-fert) 0.002 0.0001
LSDg05 CPS 1.38 1.15
LSDg .05 N-fert 1.69 1.38
LSDg o5 CPS x N-fert 2.53 2.06
CV (%) 2.66 1.93
Maize chlorophyll index

Lamu - cowpea 36.87 37.30 4157 38.58 43.43 49.67 5040 47.83
DHO4 - cowpea 33.30 4220 4223 39.24 43.37 46.97 47.67 46.00
Mean-N-fert 35.09 39.75 41.90 43.40 48.32 49.04
P-value (CPS) 0.27 0.001
P-value (N-fert) 0.001 0.001
P-value (CPS x N-fert) 0.001 0.001
LSDg05 CPS Ns 0.71
LSDg.05 N-fert 154 0.91
LSDg.05s CPS x N-fert 2.30 1.36
CV (%) 3.08 1.51

No = No N-fertilizer; N; = 30 kg/ha N-fertilizer and N, = 60 kg/ha N-fertilizer
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Table 9.5: Effects of cropping system and N-fetilizer application on cowpea leaf number at
kilifi and at mtwapa sites during July — October 2011/2012 seasonn

Cropping system (CPS) Kilifi Mtwapa

No N; N2 CPS- No N N CPS-

mean mean
Cowpea leaf number
Lamu - cowpea 22.17 19.70 19.53 20.47 30.83 27.70 26.50 28.34
DHO4 - cowpea 31.50 23.23 2127 25.33 36.40 25.27 2480 28.82
Mean-N-fert 26.84 21.47 20.40 33.62 26.49 25.65
P-value (CPS) 0.014 0.008
P-value (N-fert) 0.0001 0.057
P-value (CPS x N-fert) 0.0001 0.022
LSDg05 CPS 0.36 3.30
LSDg.05 N-fert 0.43 4.04
LSDg g5 CPS x N-fert 0.65 6.04
CV (%) 1.19 13.72
Maize leaf number

Lamu - cowpea 16.20 16.17 1590 16.09 10.20 10.87 10.67 10.58
DHO04 - cowpea 17.50 16.37 17.37 17.08 7.13 847 867  8.09
Mean-N-fert 16.85 16.27 16.64 8.67 9.67 9.67
P-value (CPS) 0.008 0.0001
P-value (N-fert) 0.314 0.001
P-value (CPS x N-fert) 0.219 0.095
LSDg05 CPS 0.66 0.40
LSDy 5 N-fert Ns 0.40
LSDy.0s CPS x N-fert Ns Ns
CV (%) 0.82 4.08

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-

fertilizer application

9.4.5 Plant heights of cowpea and maize

Cropping system, N-Fertilizer application and their interactions significantly affected plant

height of both cropping systems at both sites (Table 9.6). Application of N-fetilizer

application significantly reduced cowpea plant height in both intercrop systems in both sites.

Cowpea plant height was significantly lower in 60 kg N/ha plots than in 30 kg N/ha plots.

Cowpea intercropped with Lamu maize variety had significantly lower plant height than

cowpea intercropped with DHO4 maize variety. The average cowpea plant height was 166.5%

higher at Mtwapa than at Kilifi.
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Table 9.6: Effects of cropping system and N-fetilizer application on plant plant heights
(cm) of cowpea and maize at kilifi and at mtwapa sites during July — October 2011/2012
season

Cropping system (CPS) Kilifi Mtwapa

No Ny N, CPS- Np N; N CPs-

mean mean
Cowpea plant height (cm)
Lamu - cowpea 9.40 6.13 4.77 6.77 2480 16.63 13.83 18.42
DHO04 - cowpea 12.67 6.87 2.80 7.45 33.17 17.87 7.53 19.52
Mean-N-fert 11.04 6.50 3.79 28.99 17.25 10.68
P-value (CPS) 0.0001 0.0001
P-value (N-fert) 0.0001 0.0001
P-value (CPS x N-fert) 0.0001 0.0001
LSDg05 CPS 0.02 0.01
LSD0.05 N-fert 0.02 0.01
LSDg.05 CPS x N-fert 0.03 0.02
CV (%) 4.12 3.13
Maize plant height (cm)

Lamu - cowpea 154.03 150.63 145.40 150.02 146.17 161.27 166.13 157.86
DHO04 - cowpea 129.17 128.93 140.80 132.97 99.40 133.23 156.00 129.54
Mean-N-fert 141.60 139.78 143.10 122.79 147.25 161.07
P-value (CPS) 0.036 0.0001
P-value (N-fert) 0.661 0.017
P-value (CPS x N-fert) 0.073 0.288
LSDg05 CPS 0.07 6.58
LSDg .05 N-fert Ns 8.05
LSDy 5 CPS x N-fert Ns Ns
CV (%) 8.44 4.36

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-
fertilizer application

N-Fertilizer application and cropping system significantly affected maize plant height in
Mtwapa while in Kilifi only cropping system had significant effect (Table 9.6). Application
of N-fetilizer application significantly increased maize plant height at Mtwapa. The plant
height for Lamu maize intercropped with cowpea was taller than DHO4 maize intercropped

with cowpea. The average maize plant height at Mtwapa was 1.6% higher than at Kilifi.
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9.4.6 Cowpea root nodule number

Cropping system, N-Fertilizer application and their interaction significantly affected the
number of cowpea root nodules at Kilifi but not at Mtwapa (Table 9.7). At Kilifi application
of N-fertilizer resulted in significant reduction in the number of cowpea root nodules per
plant in both cropping systems. Cowpea intercropped with Lamu maize had higher number of
root nodules than cowpea intercropped with DHO4 maize at all N levels. Kilifi site had

68.3% higher number of nodules than Mtwapa.

Table 9.7: Effects of cropping system and N-fertilizer application on number of cowpea
root nodules per plant at Kilifi and at mtwapa sites during July — October 2011/2012 season

Cropping system Kilifi Mtwapa

(CPS) No N, N2  CPS- Np N, N,  CPS-
mean mean

Lamu - cowpea 39.13 3340 33.07 35.20 20.90 19.70 1857 19.72

DHO04 - cowpea 36.63 30.93 3041 32.66 19.70 19.50 2257 20.59

P-value (CPS) 0.008 0.565

P-value (N-fert) 0.034 0.453

P-value (CPS x N-fert) 0.0001 0.997

LSDg05 CPS 0.58 Ns

LSDy 5 N-fert 0.71 Ns

LSDoos CPS x N-fert ~ 1.07 Ns

CV (%) 2.75 26.67

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-
fertilizer application

9.4.7 Pods per plant and grains per pod of cowpea

Cropping system, N-Fertilizer application and their interactions had significant effect on the
number of cowpea pods per plant at both sites (Table 9.8). Application of 60 kg/ha N-
fertilizer significantly reduced the number of cowpea pods per plant in both cropping systems
at both sites. N-fertilizer application of 30 kg/ha had no significant effect on pods per plant at

both sites. DHO04 maize intercropped with cowpea had a higher number of pods per plant than
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Lamu maize intercropped with cowpea at 0 kg N/ha and 30 kg N/ha N-fetilizer application in

both sites, Mtwapa had 189.2% higher number of pods per plant than at Kilifi.

Table 9.8: Effects of cropping system, N-fetilizer application on number of pods per plant
and grains per pod in cowpea at Kilifi and at mtwapa sites during July — October 2011/2012

season
Cropping system (CPS) Kilifi Mtwapa
No N1 N, CPS- No N1 N> CPS-
mean mean
Number of pods per plant
Lamu - cowpea 2.87 286 216  2.63 8.87 843 6.83 8.04
DHO04 - cowpea 3.69 352 208 310 9.70 957 620 849
Mean-N-fert 3.28 3.19 212 9.29 9.00 6.52
P-value (CPS) 0.02 0.002
P-value (N-fert) 0.0001 0.0005
P-value (CPS x N-fert) 0.0001 0.0001
LSDg s CPS 0.39 0.25
LSDg o5 N-fert 0.44 0.30
LSDg o5 CPS x N-fert 0.66 0.45
CV (%) 4.13 8.17
Number of grains per pod
Lamu - cowpea 8.54 12.83 858  9.98 15.97 1583 14.37 15.39
DHO4 - cowpea 7.62 11.97 1272 10.77 16.63 15.00 15.00 15.54
Mean-N-fert 8.08 12.40 10.65 16.30 1542 14.69
P-value (CPS) 0.50 0.012
P-value (N-fert) 0.949 0.0001
P-value (CPS x N-fert) 0.002 0.0001
LSDg05 CPS Ns 0.58
LSDg .05 N-fert Ns 0.71
LSDg.05 CPS x N-fert 0.91 1.05
CV (%) 0.05 5.28

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-

fertilizer application

Application of 60 kg N/ha N-fertilizer significantly reduced the number of cowpea grains per

pod of cropping systems at Mtwapa. In most cases, there were no differences in number of

grains per pod between Lamu-cowpea and DHO04-cowpea intercrop.
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9.4.8 Ears per plant and 100-grain weight of maize

Cropping system, N-fertilizer and their interaction had significant effects on the number of

ears per plant of maize of both cropping systems at sites (Table 9.9).

Table 9.9: Effects of cropping system and N-fetilizer application on number of ears per
plant and 100-grain weight in maize

Cropping system (CPS) Kilifi Mtwapa

No N; N2 CPS- No N N CPS-

mean mean
Number of maize ears per plant
Lamu - cowpea 0.56 058 065 0.60 0.17 021 025 0.22
DHO4 - cowpea 0.56 061 072 0.63 0.21 023 028 0.23
Mean-N-fert 0.56 0.60 0.69 0.19 022 0.27
P-value (CPS) 0.007 0.0004
P-value (N-fert) 0.005 0.0001
P-value (CPS x N-fert) 0.032 0.0001
LSDg05s CPS 0.08 0.01
LSDg .05 N-fert 0.10 0.01
LSDg,05 CPS x N-fert 1.33 0.02
CV (%) 12.14 3.35
Maize 100-grain weight (g)

Lamu - cowpea 27.37 28.7 26.63 27.57 10.08 10.46 9.97 10.17
DHO4 - cowpea 33.43 31.27 3133 3201 12.59 11.05 11.81 11.82
Mean-N-fert 30.4 29.99 28.98 11.34 10.76  10.89
P-value (CPS) 0.0001 0.0002
P-value (N-fert) 0.229 0.27
P-value (CPS x N-fert) 0.13 0.059
LSDg05s CPS 1.43 0.64
LSDy 5 N-fert Ns Ns
LSDg 05 CPS x N-fert Ns Ns
CV (%) 4.57 5.55

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-

fertilizer application

Application of N-fertilizer significantly increased the number of ears per plant in both

cropping systems and at both sites. Cropping system had significant effect on maize 100-

grain weight in both sites. However, N-fetilizer application and the interaction between

cropping system and N-fetilizer application had no significant effect on maize 100-grain
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weight in both sites. DHO4 maize variety intercropped with cowpea had higher 100-grain

weight than Lamu maize variety intercropped with cowpea.

9.4.9 Cowpea 100-grain weight and grain yield

Cropping system, N-Fertilizer application and their interactions had significant effects on

cowpea 100-grain weight at Mtwapa and grain yield at Kilifi (Table 9.10).

Table 9.10: Effects of cropping system and N-fetilizer application on 100-grain weight (g)
and grain yield (t/ha) of cowpea in Kilifi and Mtwapa sites during July — October

2011/2012 season

Cropping system (CPS) Kilifi Mtwapa

No N, N, CPS-mean No N, N, CPS-

mean
Cowpea 100-grain weight (g)
Lamu - cowpea 5.33 441 525 5.00 14.66 1460 1375 1434
DHO4 - cowpea 5.55 547 555 552 16.51 1565 15,53 15.90
Mean-N-fert 5.44 494 540 15.59 15.13 14.64
P-value (CPS) 0.0002 0.0001
P-value (N-fert) 0.962 0.0001
P-value (CPS x N-fert) 0.033 0.0001
LSDg05s CPS 0.68 0.01
LSDg .05 N-fert Ns 0.10
LSDg.05s CPS x N-fert 0.55 0.19
CV (%) 3.83 0.14
Cowpea grain yield (t/ha)

Lamu - cowpea 0.23 0.50 0.40 0.38 0.07 0.04 0.06 0.06
DHO04 - cowpea 0.57 050 0.37 0.48 0.04 0.03 002 0.03
Mean-N-fert 0.40 050 0.39 0.06 0.04 0.04
P-value (CPS) 0.018 0.002
P-value (N-fert) 0.036 0.030
P-value (CPS x N-fert) 0.002 0.112
LSDg.05 CPS 0.09 0.01
LSDg .05 N-fert 0.09 0.01
LSDg,05 CPS x N-fert 0.12 Ns
CV (%) 17.06 21.06

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-

fertilizer application
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Application of 60 kg N/ha, significantly reduced cowpea 100-grain weight at Mtwapa but not
at Kilifi. DHO4 maize variety intercropped with cowpea had higher 100-grain weight than
Lamu maize variety intercropped with cowpea at all N-fertilizer levels. At Kilifi, application
of 60 kg/ha N-fetilizer application significantly reduced cowpea grain yield in both cropping
systems. However, no differences were noted between the cropping systems at all N-fertilizer
levels. At Mtwapa, cowpea intercropped with DHO4 maize variety had higher grain yield
than cowpea intercropped with Lamu maize variety. Average cowpea grain yield was at Kilifi

was 855.6 % higher than at Mtwapa.

9.4.10 Stover yield and grain yield of maize

Cropping system, N-fertilizer application and their interaction significantly affected maize
stover yield and grain yield in both sites (Table 9.11). Application of 30 and 60 kg N/ha
increased maize stover yields and grain yield in both cropping systems at both sites.
Application of 60 kg/ha had higher maize stover yield and grain yield than 30 kg N/ha in both
cropping systems at both sites. Lamu maize variety intercropped with cowpea had higher
maize stover yield at 60 kg N/ha. The mean maize stover yield at Kilifi was 160.0 % higher
than at Mtwapa. Application of 30 and 60 kg N/ha significantly increased maize grain yield
in both cropping systems at both sites. DH04 maize variety intercropped with cowpea had
higher grain yield than Lamu maize variety intercropped with cowpea at all N-levels at all N
levels. On average, application of 30 and 60 kg N/ha increased maize grain yield by 20.7%
and 51.0 %, respectively, at Kilifi and 78.6 % and 114.3 %, respectively, at Mtwapa. Average

maize grain yield at Kilifi was 536.7 % higher than at Mtwapa.
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Table 9.11: Effects of cropping system and N-fetilizer application maize stover yield (t/ha)
and grain yield (t/ha) of maize at kilifi and at mtwapa sites during July — October

2011/2012 seasonn
Cropping system (CPS) Kilifi Mtwapa
No N, N, CPS- No N, N, CPS-mean
mean
Maize stover yield (t/ha)
Lamu - cowpea 2.34 277 426 3.12 1.02 1.07 1.52 1.20
DHO04 - cowpea 2.06 255 3.25 2.62 0.75 089 1.20 0.95
Mean-N-fert 2.20 266 3.76 0.89 098 1.36
P-value (CPS) 0.0001 0.0001
P-value (N-fert) 0.0001 0.0001
P-value (CPS x N-fert) 0.0001 0.0001
LSDg05 CPS 0.07 0.02
LSDg.05 N-fert 0.08 0.02
LSDg 05 CPS x N-fert 0.12 0.03
CV (%) 2.28 1.36
Maize grain yield (t/ha)
Lamu - cowpea 1.50 1.77 217 1.81 0.13 0.15 0.23 0.28
DHO04 - cowpea 1.60 1.97 2.50 2.02 0.15 0.13 0.26 0.32
Mean-N-fert 1.55 1.87 2.34 0.14 0.14 0.25
P-value (CPS) 0.008 0.0003
P-value (N-fert) 0.025 0.0001
P-value (CPS x N-fert) 0.0001 0.0001
LSDyg 5 CPS 0.13 0.01
LSDy 05 N-fert 0.16 0.01
LSDg.05s CPS x N-fert 0.20 0.01
CV (%) 6.39 3.53

No = No N-fertilizer application; N; = 30 kg/ha N-fertilizer application and N, = 60 kg/ha N-

fertilizer application

9.5 Discussion

9.5.1 Soil moisture content

Application of 30 N kg/ha significantly increased soil moisture content at all growth stages at
20 cm soil depth, while 60 N kg/ha application was higher than 0 N kg/ha at booting and

silking stage for Lamu-cowpea but not DH04-cowpea. This could be attributed to an increase
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in soil water uptake at 60 kg N/kg due to high N levels from the inorganic fertilizer (Ofori et
al., 2014). The high biomass production under 60 N kg/ha application associated with more

soil moisture utilization (Gaiser et al., 2001).
9.5.2 Ground cover and growth parameters of cowpea and maize

The study has shown that application of N-fertilizer increased cowpea and maize percent
ground cover and maize growth parameters but the converse was true for cowpea growth
parameters in both sites. Thobatsi (2009) reported that N-fertilizer application enhanced early
ground cover of a maize-cowpea intercropping system. Amujoyegbe and Elemo (2013)
reported that canopy formation in a maize-cowpea intercrop increased slightly with increase
in N-fertilizer rate. This could be attributed to the fact that nitrogen is a constituent of
chlorophyll, protein, amino acids and photosynthetic activity (Sumeet et al., 2009). Nitrogen
also enhances and facilitates the utilization of other nutrients like phosphorus, potassium and
other elements (Adediran and Banjoko, 1995). Generally, ground cover intercepts both PAR,
raindrops and retards runoff therefore promoting infiltration. Soil moisture availability is
subsequently prolonged by reduced surface evaporation due to insulation and shading off of

radiation transmittance by the main crop canopy (Odhiambo and Bomke, 2001).

N-fertilizer application resulted in significant increase in maize leaf number, plant height and
maize stover yield at both sites. Amanullah et al., (2013) reported that nitrogen fertilizer
significantly increased maize leaf number, plant height and biomass yield. Increase in maize
growth parameters due to nitrogen fertilizer application was also reported by Onasanya et al.,
(2009). Several reports have attributed significant increase in the development of vegetative
plant parts and dry matter accumulation to nitrogen which is an important constituent of
chlorophyll, amino acid and nucleic acid (Adediran and Banjoko, 1995). Application of N-

fertilizer significantly reduced cowpea leaf number and plant height in both sites. This
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finding is in agreement with the studies by Abayomi and Jatto, (1998) and Amujoyegbe and
Elemo, (2013), who reported significant reduction in cowpea leaf number and plant height
due to increase in N-fetilizer application in maize-cowpea intercrops. Cowpea growth
parameters were significantly higher when intercropped with DH04 maize variety than when
intercropped with Lamu maize variety. This could be because Lamu maize variety was taller
than DHO4 maize variety; hence the shading and competition for resources could have

impacted negatively on the cowpea (Dahmardeh et al., 2010).
9.5.3 Chlorophyll content of cowpea and maize

Application of N-fertilizer significantly reduced cowpea chlorophyll content at both sites.
Prasanthi and Venkateswaralu (2014) reported reduction in cowpea chlorophyll content in
maize-cowpea intercropping system. They attributed this to shading effect under intercropped
situations. The fast and vigorous maize growth might have dominated and utilized the
resources more efficiently and suppressed the cowpea. N-fertilizer application significantly
increased maize chlorophyll content at both sites. Prasanthi and Venkateswaralu (2014)
reported an increase in maize chlorophyll content due to N-fertilization in a maize-cowpea

intercropping system.
9.5.4 Canopy temperature

Application of N-fertilizer significantly reduced canopy temperature of cropping systems.
Elbashier et al., (2012) reported reduction in canopy temperature of maize-wheat intercrop
due to N-fertilizer application. This was attributed to promotion of photosynthesis by N-
fertilizer application, which involves stomatal opening, leading to water loss and cooling of
the canopy. In this study the increase in soil moisture content due to application of 30 kg

N/ha suggests the observed improved moisture retention by the increase in ground cover.
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9.5.5 Cowpea root nodule number

In this study application of 60 kg/ha N-fertilizer significantly reduced the number of root
nodules. The findings of these studies are in agreement with study by Otieno et al., (2007)
who reported that the application of nitrogen fertilizer depressed nodulation in legumes.
Fukai et al. (1980) reported that addition of nitrogen to a cereal/cowpea system is generally
favoring the cereal at the expense of cowpea. If the intercropped non-legume is taller than the
legume, shading will occur and photosynthesis and subsequently N-fixation will be reduced
(Van Kessel and Hartley, (2000). Lamu maize variety had taller average height than DH04
maize variety, hence the number of root nodules in cowpea intercropped with DHO4 maize
variety were higher than in cowpea intercropped with Lamu maize variety. Also, moisture
availability under DHO4-cowpea intercrop was higher than under Lamu-cowpea intercrop.
Root nodules at Kilifi were 68.3% higher than at Mtwapa. This could be because Kilifi
received a higher amount of rainfall than Mtwapa (Appendix 1) because moisture enhances

nodulation (Ofori et al., 2014).
9.5.6 Yield and yield components of cowpea and maize

The study indicates that application of nitrogen fertilizer significantly reduced the number of
pods per plant, number of grains per pod, 100-grain weight and grain yield of cowpea at both
sites but the converse was true for maize number of ears per plant and grain yield. The
reduction in cowpea yield and yield components and grain yield is in agreement with
previous studies (Amujoyegbe and Elemo, 2013). In a system where cowpea was
intercropped with maize shading had significant effects on cowpea yield and yield
components because it is the shorter component, and could not compete effectively for
resources (Eskandari, 2012). Cowpea grain yield and yield components were higher in

cowpea intercropped with DHO4 maize variety than cowpea intercropped with Lamu maize
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variety. This could be attributed to interspecies competition because Lamu maize variety was
taller than DHO4 maize variety. Cowpea yield and yield components were significantly
higher at Kilifi than at Mtwapa possibly the former received a higher amount of rainfall than
the latter. Grain yield of maize with N application at both sites is in agreement with the
studies by Akmal et al., (2010) and Karasu (2012) who observed that nitrogen fertilizer exerts
strong influence on maize growth, development and yield. According to Purcell et al., (2002)
nitrogen availability increases maize general growth which leads to increased grain yiewld.
Application of 60 kg/ha N-fertilizer had higher grain yield than 30 kg N-fertilizeer in all
cropping system at both sites. Therefore, farmers intercropping maize-cowpea in the region
can use 60 kg/ha N-fertilizer because it gives higher yields than 30 kg/ha N-fertilizer under

normal rainfall conditions.
9.6 Conclusion

Application of N-fertilizer significantly reduced cowpea growth parameters, yield and yield
components while the converse was true for maize under maize-cowpea intercropping
system. Application of 60 N kg/ha had significantly higher performance than 30 N kg/ha
while the converse was true for soil moisture content at all growth stages in all soil depths.
The performance of maize under DHO4-cowpea intercrop was significantly higher than

Lamu-cowpea intercrop.
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CHAPTER TEN: GENERAL DISCUSSION, CONCLUSIONS AND

RECOMMENDATIONS
10.1 General Discussion

Farmers’ cowpea selection criteria in order of decreasing preference were high grain yield,
drought tolerant, early maturity, ease of harvesting and leafiness. The most preferred cowpea
varieties were KVU 419, Nyeupe, KVU 27-1 and Kutambaa while the least preferred
varieties were K80, M66, Nyekundu and Kaima-koko. Farmers’ selection criteria differed
from those of plant breeders in that farmers considered color, taste and cooking time as
important traits. From this study, involving farmers in variety selection is important because
it complements plant breeder’s selection process and enhances chances of adoption of newly

developed varieties.

Water stress imposed at vegetative and flowering increased canopy temperature of Khaki and
Kaima koko cowpea varieties while the converse was true for Macho and Nyekundu. It
reduced growth parameters and chlorophyll content, but enhanced grain yield and vyield
components. This suggests that moderate stress may be beneficial for cowpea grown for grain
production but not for vegetable production. The impact of water stress on growth may be
dependent on the cowpea variety. Cowpea varieties which were superior in yield and harvest
indices under water stress included Nyekundu, KVU 27-1, M66, and KVU 419. These may
be the most suitable cowpea varieties for the coastal lowland region where rainfall is erratic

and unreliable.

Insecticide application significantly reduced insect pest damage at pre-flowering, flowering
and podding stages resulting in increase in cowpea growth parameters, yield and yield
components. All the cowpea varieties evaluated were similarly affected by insect pests. For

successful production of cowpea in the region, application of insecticides is necessary.
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Cowpea varieties Macho, Kaima koko, Nyeupe and M66 were the most responsive to

insecticide application.

Intercropping reduced cowpea and maize growth parameters, chlorophyll content, yield and
yield components. Sole maize had significantly lower canopy temperature than sole cowpea
and intercrops. This could be attributed to the fact that cowpea is a drought tolerant crop that
may respond to water stress by closing the stomata, leading to increase in canopy
temperature. On the other hand, the maize crop is likely to have transpired more than cowpea
leading to low canopy temperature. There was significant increase in soil moisture content at
all growth stages in 20 cm soil depth. Intercropping enhanced crop productivity as land
equivalent ratio for both Lamu-cowpea and DHO4-cowpea intercrops was above 1.2 in both

sites. It is advisable for farmers in the coastal lowland Kenya to intercrop maize and cowpea.

Application of crop residue reduced canopy temperature of cowpea and maize but enhanced
their growth parameters, chlorophyll content, yield and yield components. Incorporation of
crop residues into the soil had increased growth parameters, yield and yield components of
intercrops relative to surface mulching. The performance of DHO4-cowpea intercrop was
higher than Lamu-cowpea intercrop. This is attributed to shading effect of Lamu maize

variety since it was taller than DH04 maize variety.

Farmyard manure application increased soil moisture content at all growth stages in 20, 40
and 60 cm soil depths. Application of FYM reduced cowpea chlorophyll content, growth
parameters, yield and yield components, but increased maize yield and yield attributes under
maize-cowpea intercropping system. Farmyard manure application reduced canopy
temperature of cropping systems. The higher growth parameters and yield and yield

components under 5.0 t/ha FYM application could have resulted in soil moisture depletion in
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5.0 t FYM/ha application compared to 2.5 t FYM/ha. The performance of DHO4-cowpea

intercrop was higher than Lamu-cowpea intercrop.

Application of N-fertilizer reduced cowpea chlorophyll content, growth parameters, yield and
yield components but increased these parameters in maize under maize-cowpea intercropping
system. It also reduced canopy temperature of cropping systems. Application of 60 N kg/ha
had significantly higher performance than 30 N kg/ha while the converse was true for soil
moisture content at all growth stages in all soil depths. The performance of maize under
DHO04-cowpea intercrop was significantly higher than Lamu-cowpea intercrop. DHO04 is an

improved maize variety while Lamu is a local maize variety.

10.2 Conclusion

Cowpea varieties most preferred by coastal farmers were KVU 419, Nyeupe, K\VU 27-1 and
Kutambaa. Water stress reduced cowpea growth parameters and chlorophyll content, but
enhanced grain yield and yield components. Cowpea varieties which were superior in yield
and high harvest index under water stress included Nyekundu, KVU 27-1, M66, and KVU
419. Insecticide application significantly reduced insect pest damage at pre-flowering,
flowering and podding stages resulting in increase in cowpea growth parameters, yield and
yield components. Cowpea varieties Macho, Kaima koko, Nyeupe and M66 were the most
responsive to insecticide application. Intercropping reduced cowpea and maize growth
parameters, yield and yield components, but enhanced soil moisture content and canopy
temperatures. However, intercropping enhanced crop productivity as land equivalent ratios
for both Lamu-cowpea and DHO4-cowpea intercrops were above 1.2 in both sites.
Application of crop residue significantly increased soil moisture content and cowpea and
maize growth parameters, yield and yield components but reduced canopy temperature.

Incorporation of crop residues into the soil had significantly higher growth parameters, yield
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and yield components of intercrops than surface mulching. Application of FYM significantly

reduced cowpea growth parameters, yield components and grain yield while it increased soil

moisture and maize growth and yield attributes in maize-cowpea intercropping system.

Application of N-fertilizer significantly reduced canopy temperature, cowpea growth

parameters, yield and yield components while it increased soil moisture and maize growth

and yield attributes in maize-cowpea intercropping system.

10.3 Recommendations

There is need to:

1.

Promote drought tolerant varieties such as Nyekundu, KVU 27-1, M66, and KVU
419.

Integrate participatory variety selection in cowpea breeding to take into account
farmers’ knowledge and preferences.

Evaluate the compatibility of drought tolerant, high yielding cowpea varieties with
locally adapted maize genotypes.

Source insect pest resistant cowpea germplasm so as to improve insect pest resistance
in the Kenya grown cowpea varieties.

Integrate crop residues; apply farmyard manure and N-fertilizer in maize-cowpea
cropping system to enhance their productivity.

Study to study nutrient use dynamics in maize-cowpea intercrop systems under

various crop residue and fertilizer management options.
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Appendix 1: Temperature, relative humidity and rainfall data of the two sites for the period

of July to December 2012

APPENDIXES

Month Mean temperature Relative humidity Total rainfall
(°C) (%) (mm)

MTP KLF MTP KLF MTP KLF
Jul 25.25 24.3 78.5 72.1 35.7 42.0
Aug 25.2 24.15 77.5 73.6 80.7 137.9
Sept 24.55 25.75 73.5 69.3 24 22.5
Oct 26.85 26.15 79.5 75.3 112.8 245.5
Nov 27.95 26.85 77 7.2 184.1 129.5
Dec 28.15 27.7 73 74.1 78.8 164.5

MTP — Mtwapa and KLF —Kilifi

Appendix 2: Initial soil testing results at Pwani University and KALRO Mtwapa research

farms

Soil component Kilifi Mtwapa
Value Class Value Class
pH 5.6 Moderate acidic  6.66 Slightly high
Total N 0.04% low 0.15% Low
Organic carbon 0.34% low 1.34% Moderate
Phosphorus 43.79 ppm  High 10 ppm Low
Potassium 0.21me%  Medium 0.74me%  Adequate
Calcium 1.73me%  Low 2.4 me% Adequate
Magnesium 0.37me%  Low 190 me%  Adequate
Manganese 0.24 me%  Adequate 0.40 me%  Adequate
Copper 0.68 pmm  Low 3.67 ppm Adequate
Iron 17.62 ppm  Adequate 26.5ppm  Adequate
Zinc 1.26 ppm Low 5.12ppm  Adequate
Sodium 0.14me% Low 0.22me%  Adequate

Appendix 3: Nutrient composition of the farmyard manure used at Kilifi and Mtwapa

Nutrient Amount  Class Nutrient ~ Amount Class

pH 10.98 Alkaline  Magnesium 0.28 mg/kg Adequate
Total Nitrogen  3.15% High Iron 2067.0mg/kg  Adequate
Organic carbon  5.79% Adequate Copper 23.3 mg/kg Adequate
Phosphorus 0.47% Adequate Manganese 343.0 mg/kg Adequate
Potassium 0.95% Adequate  Zinc 90.0 mg/kg Adequate
Calcium 1.11% Adequate - - -
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