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ABSTRACT
Cowpea (Vigna unguiculata L. Walp) is an important grain legume grown in many parts
of the world mostly by smallholder (SH) farmers. Low soil phosphorus (P) and drought
stress are major constraints to legume production and threaten food security. Root
architecture is a spatial configuration of the root system which is influenced by moisture
status and P uptake. A field experiment was conducted at Ukulima farm near Modimolle
in Waterberg district during 2012/13 summer growing season. The treatments
comprised of two levels each for soil P (low and high) and moisture status (water stress
and well-watered); and eight cowpea genotypes (Tvu 4632, Tvu 6365, Tvu 9848, Tvu
15445, Tvu 16408, Tvu 15143, Oloyin and IT00K-1217). The low P level implied the
available P in the soil measured in situ, which was less than 8 mg kg-1 while the high P
level entailed fertilization at the rate of 40 kg P ha-1 application to achieve approximately
35 mg P kg-1 of soil . The root traits measured included angle of adventitious and basal
roots, number of basal roots, tap root diameters at 5, 10, 15 and 20 cm soil depths;
lateral branching densities at depth 5,10 and 15 cm, nodule score, deep score,
shallowness score, 3rd order branching density, and 1.5 branching densities at 5 and 10
cm depth. Plant parameters measured were plant height, number of pods per plant,
number of seeds per pod, length of the pods, unshelled weight, shelled weight and
number of primary and secondary branches. Photosynthetic parameters measured were
photosynthetic rate, intercellular CO2 concentration, water conductance, transpiration
rate, vapour pressure deficits, sample cell CO2, sample cell H2O and relative humidity in
the cell. All treatment factors were combined as split-split plot arrangement fitted into
randomized complete block design; with four replicates.
Results indicate that the lateral root branching density at 5 and 10 cm differed
significantly (P≤0.05) across cowpea genotypes. Genotype showed significant effect on
taproot diameter at 10 cm. Moisture status and P level exerted significant effect on
cowpea genotypes 15 cm. There were significant differences (P≤0.05) for lateral root
branching density observed at 5 and 10 cm depth in P rates x genotype interaction.
Statistical analysis showed that P levels and cowpea genotypes had significant effects
(P≤0.05) on mean plant height, biomass and highly significantly effects (P≤0.01) on
xv

number of branches, days to physiological maturity and mean pod length. The
interaction between cowpea genotype and moisture stress condition significantly
(P≤0.05) affected hundred (100) seed weight. Cowpea genotype Tvu16408 obtained
highest grain yield of 3240 kg ha-1 and lowest was by IT00K1217 which obtained grain
yield of 1256 kg ha-1.
Results showed that photosynthetic rate, water conductance, transpiration rate, sample
cell CO2, sample cell H2O, relative humidity in the cell, intercellular CO2 and vapour
pressure deficit differed significantly (P≤0.05) across cowpea genotypes. Soil moisture
condition and cowpea genotype exerted significant (P≤0.01) effect on photosynthetic
rate, water conductance, transpiration rate, sample cell CO2, sample cell H2O and
relative humidity in the cell. Variation in P levels had no significant effect on the
measured photosynthetic parameters. Oloyin genotype had the highest photosynthetic
rate followed by Tvu 4632 while cowpea genotype Tvu 9848 had the least
photosynthetic rate. Interaction of moisture stress and cowpea genotype had a
significant effect on intercellular CO2 concentration. Water stress reduced the
intercellular CO2 concentration of Oloyin, Tvu 6365 and 4632 but resulted in a
significant increase in intercellular CO2 concentration in Tvu 9848 genotype.
Results showed that variation in soil P level exerted a significant (P≤0.05) effect on
grain tissue P content and uptake, and a highly significant (P≤0.01) difference in P
content across the various cowpea genotypes. Moisture stress exerted a significant
(P≤0.05) difference on P uptake. The results showed that P levels and cowpea
genotype variation exerted significant (P≤0.05) effects on P content, P uptake and
nitrogen (N) uptake. Moisture status and cowpea genotype variation exerted significant
(P≤0.05) effects on total N and N uptake. Cowpea genotype Tvu 9848 obtained more
total N content (4.37%), while the lowest total N content was obtained by cowpea
genotype Tvu 15445 with 3035 mg kg-1. The interaction between cowpea genotype and
moisture status exerted a significant (P≤0.05) effect on N and P uptake of immature
green pods harvested. There is a need to conduct more studies to identify cowpea
genotypes, their root architecture and agronomic measures that can do well under

xvi

drought stress and low soil P conditions. Research needs to be conducted to enhance
cowpea productivity under both low soil P and drought stress.

Keywords: cowpea genotypes; moisture stress; phosphorus fertilisation; root traits

xvii

CHAPTER 1
GENERAL INTRODUCTION
1.1

Background information of the study

Cowpea (Vigna unguiculata L. Walp) is an indigenous African leguminous crop that is
widely cultivated in semi-arid tropical regions (Singh et al., 2002). Drought stress is a
major constraint within these regions due to low rainfall conditions. Cowpea is one of
the most important grain legumes grown by farmers especially in smallholder (SH)
farmers‘ communities. It is considered as the most economically important traditional
legume crop in Africa (Langyintuo et al., 2003). Due to its taproot and lateral spreading
in the soil, the crop is well adapted to harsh environmental conditions such as low soil
fertility and can withstand high temperatures and drought conditions (Turk et al., 1980).
Its leaves and grains are consumed and even sold to generate income. Furthermore,
tender cowpea leaves, green pods and green seeds are consumed as vegetables.
Cowpea is reported to contain high levels of lysine and tryptophan (Santos, 2000) while
the plant is reported to fix 80% of its N needs (Asiwe et al., 2009) thereby reducing N
fertiliser demand and cost for growing the crop.

Phosphorus (P) is an essential nutrient for the general health and vigour of all plants
based on its contribution to the biomass as a macronutrient (Goldstein et al., 1988).
Legumes have high P requirement to stimulate root development and plant growth,
initiate nodule formation as well as promote the efficiency of the rhizobium-legume
symbiosis (Aquilar and Van Diest, 1981). However, it is one of the least available and
least mobile mineral nutrients to plants in many cropping environments. Low availability
of P is a major constraint in developing countries such as Africa where most farmers
rarely buy or use inorganic fertilisers. Low soil P is caused by continuous cultivation and
nutrient depletion (Magani and Kuchinda, 2009).

The P use efficiency (PUE) of crops differs; and it is categorized into P acquisition
efficiency (PAE) and P utilization efficiency (PUE) (Atkinson, 1991). PAE refers to
mobilization of P from poorly soluble sources or to take up the soluble P available in the
1

soil solution while PUE is the ability to produce biomass or yield efficiently using the
limited acquired P (Bayuelo-Jimenez et al., 2013). Numerous studies have revealed that
increase in PAE is associated with root morphology and root architecture while PUE is
associated with the efficient use of P in the plant (Ramaekers et al., 2010; BayueloJimenez et al., 2013). Roots play an important role in plants not only for support and
anchor but also moisture and for nutrient uptake from the soil. Root morphology and
root architecture are both affected by drought stress condition in the field. Tolerance to
drought stress and efficiency of P extraction are often associated with root morphology.
Deep lateral roots extract moisture efficiently while shallower lateral roots tend to be
more efficient in P extraction.
Drought is a major environmental stress that causes reduction in yield and low crop
productivity in most of the crops globally. Furthermore, it also affects N fixation in
legumes. Drought stress also limits plant productivity and inhibits growth and
photosynthesis (Taiz and Zieger, 1998). Crops have several mechanisms to survive or
cope during drought stress and their mechanisms are namely drought avoidance,
drought escape and drought tolerance (Mitra, 2001). Transpiration rate and water
potential in the crop are reduced during water stress.

1.2

Problem statement

Most farmers in Africa do not have access to P fertilisers because inorganic P fertilisers
are often expensive. The problem of low soil P availability is a major constraint to
cowpea production on most farmlands. Though cowpea has been reported to be
drought tolerant (Abayomi and Abidoye, 2009), it is highly sensitive to drought stress
condition, particularly during flowering stage (Zimmermann et al., 1988; Lobato et al.,
2008), which consequently exerts a depressive effect on its grain yield. Cowpea is an
essential crop in areas where drought stress is the major problem for its production
(Santos, 2000). Biotic stress (insects and diseases) and abiotic stress (low soil fertility
and drought stress) cause the yield of cowpea to be very low. Cowpea genotypes
respond differently towards drought stress conditions (Hall et al., 2003). Thus, there is a
need to identify and select cowpea lines that produce high yields and have high P-use
efficiency under low soil P and water-stress field conditions typical of the Limpopo
2

Province. Such identified lines could therefore serve as sources of breeding materials
for greater adaptation to the variable production conditions in farmers‘ fields.
1.3

Motivation of the study

Cowpea is a hardy and multi-functional crop that provides nourishment for humans and
livestock; and also serves as a valuable and dependable revenue-generating
commodity for farmers and grain traders (Langyintuo et al., 2003). Good agronomic
practices are required to guarantee high yield and production level. Improvement of
crop produce will help to mitigate hunger, food scarcity, poor nutrition, low soil fertility
and consequently poverty in the SH farming sector. As part of the drive to promote
climate smart agricultural practices in response to climate change, global warming and
food insecurity challenges, the development of high-yielding crops, such as cowpea
genotypes that are tolerant to drought and nutrient stress conditions, represents a key
strategy.

1.4

Aim

The aim of this study was to assess the response of eight selected cowpea lines to low
soil P and moisture stress conditions so as to identify the source materials for breeding
and adaptation to the diverse agricultural conditions of South Africa.

1 .4.1 Objectives
The objectives of this study included among others, determination of:
i. Growth, grain yield and root characteristics (volume, weight, distribution and
morphology) of cowpea under low soil P level
ii. Growth, grain yield and root characteristics of cowpea lines under low moisture stress
iii. Varietal differences in root characteristics (root architecture, volume, weight,
distribution and morphology), growth and grain yield
iv. Interaction effect of P level x moisture stress on cowpea growth, grain yield and root
morphology
v. Interaction effect of P level x variety on cowpea growth, grain yield and root
morphology
3

vi. Interaction effect of variety x moisture stress on cowpea growth, grain yield and root
morphology

1.4.2 Hypotheses
i. The soil P level of the field does not affect cowpea growth, yield and root
characteristics.
ii. The moisture status of the field does not affect cowpea growth, yield and root
characteristics.
iii. Varietal characteristics of the different cowpea lines do not influence growth, yield
and root morphology.
iv. There is no interaction effect of P level X Moisture status on cowpea growth, yield
and root morphology.
v. There is no interaction effect of P level X Variety on cowpea growth, yield and root
morphology.
vi. There is no interaction effect of Variety X Moisture status on cowpea growth, yield
and root morphology.
vii. There is no interaction effect of Soil P X Moisture status X Variety on cowpea
growth, grain yield and root morphology

4

CHAPTER 2
LITERATURE REVIEW
2.1

Origin of cowpea

Cowpea is one of the earliest food sources for humans and it has been used as a crop
during Neolithic times (DAFF, 2011). The name probably originated from the fact that
the crop is used as an important source of hay in other parts of the world (Timko et al.,
2007). Ng and Marechal (1985) reported that the crop originated and was domesticated
in Africa. According to Singh et al. (1997), the centre of origin of Vigna unguiculata is
established as northern region of South Africa due to the availability of the most
primitive wild varieties. Cowpea seed originated from Africa but the place the crop was
first domesticated is still undeterminate (Kitch et al., 1998).
2.2

Botany and characterization of cowpea

Cowpea is a herbaceous short term, annual leguminous plant which is grown in many
tropical and subtropical countries (Singh and Sharma, 1996); and is also a summer
legume crop which has trifoliate leaves. The crop is characterised by a very strong
taproot and more lateral branching roots spreading in top soil layer as compared to
other legume crops such as soybean (Glycine max Merr), common bean (Phaseolus
vulgaris L.) and chickpea (Cicer arietinum L.). Furthermore, the categorization of the
crop includes number of pod per plant, number of days to reach flowering and pod
formation (Cobbinah et al., 2011). It has different names such as Southern pea, black
eye pea, Crowder pea, lubia, niebie, cowpea or frijole (Davis et al., 1991) and dinawa in
Sepedi. According to Singh et al. (1997), cowpea is a dicotyledonous plant classified in
the family Fabaceae, subfamily Faboideae, tribe Phaseolinae, order Fabales and genus
Vigna. The growth habit varies among different genotypes; it may be erect, semi- erect,
trailing, climbing or bushy. The crop is more tolerant to low soil fertility due to its high
rates of N fixation (Elawad and Hall, 1987), effective symbiosis with mycorrhizae
(Kwapata and Hall, 1985); and has the ability to grow better and tolerates soils over a
wide range of pH when compared with other grain legumes (Fery, 1990). It requires
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well-drained sandy loam or sandy soil where the soil pH ranges from 5.5 to 6.5 (Davis et
al., 1991).
2.3

Economic importance and nutrient composition of cowpea plant parts

Cowpea is a major staple food in most developing African countries particularly, in rural
areas. Most SH farmers use the crop as a vegetable crop at all stages of its growth.
Mostly, farmers harvest leaves and seeds for human consumption. In many parts of
Africa, cowpea is used as vegetable where removing young leaves is a common
practice among farmers (Barrett et al., 1997). As a leguminous crop, it is used in
cropping systems to improve soil fertility by not only helping to fix atmospheric N into the
soil but also providing biomass as plant residues and ground cover to suppress weeds
and reduce soil erosion. Medicinally, the leaves can be chewed and applied on burns
and to also treat headache; with the root paste also used as an antidote for snake bites
(van Wyk and Gericke, 2000). Similarly, cowpea seeds are used to treat several
diseases such as bilharzias, liver complaints and amenorrhoea (van Wyk and Gericke
2000). Cowpea seed contains 20-24% protein, 63.3% carbohydrates and 1.9% fat
(Davis, 1991); and thus serves as a valuable plant-protein source where people cannot
afford to buy meat. According to Philips et al. (2003), cowpea is also considered a
significant component of diets in developing countries of Africa, Latin America and Asia
where it is used as a dietary protein to complement cereals. The leaves of cowpea
contain carbohydrate whose concentration is higher in older leaves with the protein
content in such older leaves comparable to that in seeds (Bubenheim et al., 1990).
According to Sebetha et al. (2010) cowpea leaf protein ranges from 24.1 to 28.1% and
26.0 to 30.7 for Red caloona and Pan 311, respectively. Cowpea provides nutritious
fodder for livestock while the grain and haulms are sources of valuable protein for the
humans and livestock, respectively.
2.4

Cowpea production in South Africa

In South Africa, 7000 tons of cowpea was produced from 13,500 ha during the year
2003 (FAOSTAT, 2004). Major cowpea producing areas in South Africa include all the
districts in Limpopo Province; the Gertsibande, Nkangala and Ehlanzeni districts in
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Mpumalanga; the Central, Dophirim and Southern parts of North West Province; and
Umgungundlovu in Kwazulu Natal (NDA, 2009). The crop is mainly produced by many
small-scale farmers in rural areas under dryland farming conditions mainly through
intercropping with cereals such as sorghum and maize. According to FAOSTAT (2013),
South Africa produced 5674 tons of cowpea in the 2011 and 2012 growing seasons.
Nigeria is still the largest cowpea producer accounting for 2.3 million metric tons. Most
SH farmers in South Africa grow spreading types of cowpeas, mainly for consumption of
the leaf as a vegetable. Cultivation of grain type cowpeas is not common.

2.5

Potential contribution of cowpea towards food security in Africa

Tshuma (2012), citing FAO (2002), regarded food security at individual, household,
national, regional and global levels as being achieved when all people, at all times, have
physical and economic access to sufficient, safe and nutritious food to meet their dietary
needs and food preferences for an active and healthy life. Increasing the growing of
indigenous crops such as cowpea would be important and may contribute towards
global food security. The evolvement of new improved cultivars that are more tolerant to
drought may be an important solution in the world (Rogerio, 2003); and this can help
mitigate poverty in many poor rural communities. This is so because most SH farmers in
developing countries are resource-poor and they rely solely on their crops as source of
food and income.
The Department of Agriculture, Forestry & Fisheries (DAFF, 2011), citing FAOSTAT
(2004), reported that agriculture plays an important role to food security in many parts of
the world. Food insecurity in many parts of world is caused by many factors such as low
income rate, lack of food and loss of employment.

Increased cultivation of grain

legumes such as cowpea and other indigenous and traditional crops could contribute
towards food security, poverty alleviation, job creation opportunities, increasing farm
income and wages in Africa. Numerous studies have shown that indigenous and
traditional foods, including cowpea, play a major role in maintaining food security at
household level in developing countries such as South Africa (Matenge et al., 2012;
Vorster et al., 2008). Cowpea, as a multi-purpose leguminous crop, can be used to
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improve soil fertility thereby reducing the cost of fertilizer. Also, it is an important source
of vegetables and grains that are rich in vitamin and protein as well as high quality
fodder for livestock in poverty stricken communities.
2.6

Major cowpea production constraints

2.6.1 Biotic stress - pathogens
Cowpea is highly vulnerable to a wide variety of pathogens that attack it. These include
insects, bacteria, viruses and fungi (Hapton et al., 1997). In cowpea, fungal diseases
include stem and root rots and leaf spots, while mosaic disease and mottle symptoms
are often caused by viruses that attack cowpea (IITA, 2004). Cowpea production is
limited by pathogens and environmental conditions which cause a serious yield loss.
Under poor storage and unfavourable conditions such as high humidity and
temperature, deterioration of the seed occurs resulting in the occurrence of some fungal
pathogens that may produce toxic secondary metabolites called mycotoxins (Richard et
al., 2009). Insect damage is one of the major constraints in cowpea grain production.
The breeding of insect-resistant cowpeas would have significant impact on food
availability globally (Timko et al., 2007). Cowpea is attacked by major pests such as
flower thrips (Megalurothrips sjostedti), pod borer (Maruca virata), and pod sucking
bugs (Kafua, 2010). Stored grain is attacked by bruchids.

2.6.2 Abiotic stress
The most important abiotic stress is drought stress which is a limiting factor for cowpea
production (Hall, 2004) and threatening food security globally. According to Ashley
(1993), drought tolerance is the ability of a plant to live, grow and yield satisfactorily with
a limited soil water supply or under periodic water deficiencies. Turk and Hall (1980)
reported that cowpea is highly sensitive to water stress during the flowering and podfilling stages. During drought stress conditions, the leaflets of the crop change the
position and become paraheliotropic and oriented parallel to the sun‘s rays (Schakel
and Hall, 1979). Several authors have studied the mechanisms that plants use to cope
with drought stress. These mechanisms are divided into three categories, namely
drought escape, drought avoidance and drought tolerance (Agbicodo et al., 2009, Mitra,
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2001). Furthermore, during drought stress crops use one mechanism at a time to cope
with drought conditions (Agbicodo et al., 2009).

Cowpea uses various mechanisms to survive under drought conditions (Hall et al.,
1997). The drought stress mechanisms are important for improving crop production
including that of grain legumes. Drought escape is the ability of a plant to complete its
life cycle before serious soil and plant water deficits occur (Agbicodo et al., 2009, Mitra,
2001). It involves rapid phenological development, developmental plasticity and
remobilization of pre-anthesis photo-assimilates. Drought avoidance is the ability of
plants to maintain relatively high tissue water potential despite a shortage of soilmoisture. Plants develop strategies for maintaining turgor pressure by increasing root
characteristics (density, depth and length) for efficient root system to maximize water
uptake, and by reducing water loss through reduced epidermal conductance, decrease
absorption of radiation, by leaf rolling or folding and reduced leaf area are mechanisms
regulating water use and decreasing injury (Agbicodo et al., 2009, Mitra, 2001). Drought
tolerance is the ability of plants to withstand water-deficit with low tissue water potential
(Agbicodo et al., 2009, Mitra, 2001). Plants that use the tolerance mechanism maintain
turgor through osmotic adjustment, increased cell elasticity, decreased cell volume and
resistance to desiccation through protoplasmic resistance (Agbicodo et al., 2009, Mitra,
2001).
2.6.3 Effect of morphological, physiological and biochemical traits on crop production
Crops have morphological, physiological and biochemical traits that play important roles
in plant growth and production and are crucial in breeding programs. Better
understanding of these mechanisms could be used to select or develop varieties that
will adapt to various stress conditions, such as the problems of low soil P and drought
stress, arising from global warming and climate change (Lobell et al., 2008).

2.6.3.1 Morphological responses of crops to drought stress
Morphological traits may contribute to drought adaptation through the delayed leaf
senescence (DLS) attribute (Gwathmey et al., 1992). DLS trait helps to improve plant
survival after mid-season drought damage. A typical example is the first flush of pods
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that enable a substantial second flush to be produced, which allows the crop to stay
alive through mid-season drought and recover when rainfall resumes (Agbicobo et al.,
2009). The DLS trait appears to be conferred by a single gene and may involve
resistance to premature death caused by Fasarium solani (Ismail et al., 2000). Drought
stress causes a decrease in number of leaves per plant and reduced leaf size of the
crop. Mitra (2001), as cited by Agbicobo et al. (2009), reported that plants develop
strategies for maintaining turgor by increasing root depth or developing an efficient root
system to maximize water uptake, and by reducing water loss through reduced
epidermal (stomatal and lenticular) conductance, reduced absorption of radiation by leaf
rolling or folding and reduced evapo-transpiration surface (leaf area).

2.6.3.2 Physiological responses of crops to drought stress
Water-use efficiency (WUE) is an important physiological trait in legumes. It is a
complex and single trait that is important for the improvement for drought tolerance in
crops (Zhou et al., 2011). It is defined as the efficiency of the crop to use water in
producing dry matter and harvest index (Siddique et al., 2001), which varies among
crop species. It is affected by various soil factors such as soil structure and depth as
well as root distribution (Yada, 2011). Drought stress decreases WUE, leaf production
and root proliferation; and consequently crop productivity (Farooq et al., 2009). It is
therefore, important to identify or develop new genotypes of cowpea that are sufficiently
drought tolerant and possess better WUE so as to provide solutions to the multiple
challenges of global and household food insecurity. When crops experience drought
stress, physiological mechanisms such as stomatal closure, reduced transpiration and
reduced photosynthetic rate take place as responses to insufficient water availability
(Costa and Lobato, 2011).
2.6.3.3 Biochemical response to drought stress
Global warming and climatic change cause drought stress that affects growth and
productivity of crops by lowering tissue water status and turgor (Hussain et al., 2009).
Osmotic adjustment is considered by accumulation of organic and inorganic solutes
used to maintain the cell turgor (Kuznetsov and Shevyakova, 1997). Plants develop
osmotic adjustment, which is an important mechanism developed by plant to tolerate
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drought stress (Costa, 1999), is responsible for protection of plant cell membrane
(Martinez-Ballesta et al., 2004). Osmotic adjustment plays an important role in
adaptation of crops at cellular level to reduce the drought induced damage in crops
(Blum, 2005). It maintains leaf turgor and improves stomatal conductance for efficient
intake of CO2 (Kiani et al., 2007). It also stimulates root for more water uptake ability
(Chimenti et al., 2006). Proline, an important solute that accumulates in plants exposed
to dehydration stress (Perez-Perez et al., 2009), is an amino acid synthesized in large
amount due to pathogen infection (Lobato et al., 2010), abiotic stress (Costa et al.,
2008), and salt stress (Silveira et al., 2003).
2.6.4 Phosphorus availability in soil in relation to cowpea production
One of the seventeen essential nutrient elements required by plants for growth and
development is P (Raghothama, 1999), which is a macronutrient that can limit growth
and productivity. During the early stages of growth, the crop requires adequate amount
of P for optimum crop production (Grant et al., 2001). Grain legumes such as cowpea
require P in large amounts because it also helps during photosynthesis for energy
transfer and root development.

It is also required for flower initiation, delayed

physiological maturity, plant growth, increased N fixation through improved nodulation
and N utilization (Reamaekers, 2001). Insufficiency of P is the greatest limitation in
agricultural production (Lynch and Brown, 2008). Crops absorb nutrients from the soil
through soil solution and P is absorbed in the form of phosphate ions. In the soil,
phosphate ions can react readily and become part of the soil particle.
2.6.4.1 Low soil P conditions and impact on cowpea production
Land degradation and soil infertility are the major causes of low agricultural productivity,
which in turn leads to food insecurity globally (Sanchez, 2010). The major problem of
crop production, especially among local SH farmers, is insufficiency of nutrients such as
P and N in the soil. For example, Kgonyane et al. (2013) reported low P content of 3.0,
3.0 and 1 mg kg-1, respectively in soils from Phaudi, Perskebult and Bokgaga due low
inherent fertility and continuous cultivation while only soil from Tshebela had relatively
higher P (34 mg kg-1) content. The problem of P deficiency often results from soil
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erosion, P removal in harvested crops and depletion of P through continuous cultivation.
Most soils are inherently low in P and N which consequently leads to poor crop yield in
the world. The problem of P deficiency in soil can be mitigated through the application of
concentrated fertilisers that provide soluble inorganic P (Pi) for the plant (Lynch and
Brown, 2008).
The problem of low soil P remains a major constraint to crop production. According to
Zhu and Lynch (2004), low P availability in soils affects root traits such as the lateral
root branching, the root density and length of root hairs (Ma et al., 2001) and also
parenchyma formation (Fan et al., 2003). Additionally, it also affects the root
morphology, delays root emergence in crops, and reduces root hair numbers and
physiological characteristics that are associated with P uptake (Pellerin et al., 2000;
Kimiti et al., 2001). Insufficiency of P in common bean has been reported to stimulate
shallower basal root growth angles (Liao et al., 2001), increased adventitious root
production (Miller et al., 2003) and overall, promotes shallow root systems for P-efficient
genotypes (Lynch and Brown, 2001; Liao et al., 2001). Insufficiency of P in plant shoots
has also been reported to lead to decrease in photosynthesis and stomatal conductance
and consequently results in restricted plant growth (Ghannoum and Conroy, 2007).
2.6.4.2 Mechanisms for plant adaptation to low P condition in the soil
Morphological, physiological and biochemical mechanisms have been developed in
plants to allow plants to respond to P insufficiency (Suriyagoda et al., 2010). Plant
morphological mechanisms to deal with insufficient P availability in soil include prolific
root development such as higher root: shoot ratios, finer roots, longer root hairs and the
development of arbuscular mycorrhizas, all of which facilitate exploration of a greater
soil volume (Raghothama, 1999). The main mechanism of roots is the ability to extract
P from the soil (Niu et al., 2012). Mechanisms that enhance P acquisition from the soil
include soil-P mobilization through root exudates, symbioses with soil microbes such as
vesicular-arbuscular mycorrhiza and enriched root growth and activity (Ho, 2004).
Mycorrihizae are the important type of arbuscular mycorrhiza fungi used in agricultural
crops (Smith and Read, 2008).

Root exudates play an important role in the
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maintenance of root and soil contact, which is especially important for plants under
drought conditions, when hydraulic continuity is lost (Walker et al., 2003). The
mechanisms for P uptake by plants include genetic variation among crop species for P
uptake and P-use efficiency (Atemkeng et al., 2011). The existence of genetic variation
for P efficiency offers the possibility to develop bean genotypes with superior adaptation
to low P soils (Lynch, 1998).
2.6.4.3 Legume root traits for adaptation to low soil P conditions
Roots can help to improve yield under drought conditions and poor soil fertility. Several
morphological and physiological traits are affected by drought tolerance in legumes.
Grain legumes such as cowpea have root traits such as adventitious roots, basal roots
and rooting density. Changes in rooting depth and rooting density exist among many
crop species (Smit et al., 1994). Extraction of P from the soil by plant depends on the
root physiological and morphological properties such as root length, root exudates,
high-affinity for inorganic P transporter and arbuscular mycorrhizal colonization (Quan et
al., 2010). These traits are responsible for showing continued variations that are called
quantitative traits that are controlled by genes called quantitative trait loci, QTLs (Khan
et al., 2012). Legume roots can be adapted to low soil P condition by increasing root
growth such as basal and adventitious roots, modified root architecture (Lynch, 1995)
and the ability to extract P from the soil (Niu et al., 2012). These have been reported to
be root traits that are necessary for adaptation of drybean to P limiting environments.
Miller et al. (2003) reported that increase in production of adventitious roots in common
beans helps in P acquisition by improving plant foraging in the most P rich soil
environment and shallower root system were more competitive than deep root systems
for topsoil P. In common bean low soil P availability increases the shallowness of basal
roots, especially in P-efficient genotypes (Miller et al., 2003).

2.6.5 Importance of root architecture in crop production
Root architecture is a spatial configuration of the root system which is categorised into
three parts namely root morphology, topology and root distribution. It is important for
plant productivity under edaphic stress, to determine underground nutrient acquisition
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(Lynch, 1995); and also important for the measurement of plant growth and productivity.
It determines plant ability to exploit spatial heterogeneous soil resources (Lynch and
Brown, 2001). Low soil P availability improves root architecture traits including the
primary root length, root branching, number and length of lateral roots and
enhancement

of

root

hairs

and

cluster

root

formation

(Jin

et

al.,

2012).

Monocotyledonous and dicotyledonous crops vary greatly in terms of their root system
and morphology. Environmental conditions such as drought stress and low nutrients
play an important role influencing root characteristic traits such as rooting depth and
density (Kumar et al., 2010). Rooting depth and density are important during drought
avoidance; and constitute traits identified to confer seed yield in chickpea under terminal
drought environments (Turner et al., 2001, Kumar et al., 2010). Consequently, genetic
variation in root architecture among species is associated with adaptation and
environments (Lynch, 2005).

2.6.6 Effect of drought stress on N fixation in cowpea
Drought stress is one of the environmental stresses that can cause reduction in N
fixation (Sinclair et al., 1987), and also cause significant crop yield losses. Nitrogen
fixation in legumes is highly sensitive to drought conditions (Wery et al., 1994). Drought
stress affects the nodule formation and function (Serraj, 2003) as well as their longevity.
Due to its high rates of N fixation (Martins et al., 2003) and effective symbiosis with
mycorrhizae (Kwapata and Hall, 1985), cowpea does not deplete the soil N and P
natural reserves, and many experimental findings confirm that soil N levels increase by
about 40–80 kg N ha-1 following cowpea in rotation (Quin, 1997). Symbiotic N2 fixation is
sensitive to abiotic stress conditions such as drought stress, soil salinity, low soil P,
acidity, waterlogging, high/low temperature and other nutrient limitations (Serraj, 2003).
Various physiological mechanisms have been reported to respond to symbiotic N2
fixation under abiotic stress, such as drought stress, and these mechanisms include O2
limitation, carbon shortage, feedback regulation and nodule carbon metabolism (Serraj,
2003, Marino et al., 2007). Oxygen permeability is a limiting factor for nodule functioning
and it is also a controlling factor for BNF under various environmental stresses (Marino
et al., 2007). N2 fixation in legumes might be regulated under drought stress factor by
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feedback mechanism involving N metabolism and there is no mechanism of feedback
inhibition yet demonstrated in legume nodule (Serraj, 2003). The study conducted by
Marino et al. (2007) reported that BNF regulation can be provided by N feedback
mechanism involving shoot N status. A reduction in nodule carbon flux has also been
related to the inhibition of N fixation under drought stress (Marino et al., 2007).

2.6.7 Effect of drought stress on photosynthesis
Drought stress decreases rate of photosynthesis and decreases plant growth and
development

of

crops

thereby

causing

serious

crop

yield

losses

globally.

Photosynthesis plays a major role in crop production; hence, limiting one factor such as
water, light or carbon dioxide in crops can reduce the rate of photosynthesis.
Photosynthesis and stomatal conductance change over time and are essentially
sensitive

to

environmental

variations

(Gunderson

et

al.

2002).

Determining

photosynthesis in the morning and hot afternoon day may introduce more variation as
shoot and stomatal conductance related traits become more important to plant root
traits for water access. Stomatal diffusive factors control water evaporation as well as
the CO2 entry during photosynthesis and transpiration in cowpea (Hayatu and
Mukhatur, 2010). The major role of stomata is to regulate water loss and carbon dioxide
uptake. Stomatal conductance is influenced by factors such as light intensity,
temperature, humidity, and internal CO2 concentration (Magloire, 2005). Drought stress
inhibits the photosynthesis of the plants by causing changes in chlorophyll content, by
affecting chlorophyll components and damaging the photosynthetic apparatus
(Mafakheri et al., 2010). It also causes decrease in chloroplasts due to damage during
the drought stress condition.
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CHAPTER 3
RESEARCH METHODOLOGY
3.1

Description of experimental site and land preparation

The experiment was conducted during 2012/13-summer planting season at Ukulima
Farm

(24°32'58.1" S, 28°06'21.1" E, 1237 masl) near Modimolle in the Waterberg

district of Limpopo Province. The area receives about 623 mm of rainfall per annum
(Fenta, 2012) while soil at the farm is predominantly sandy loam and belongs to the
Clovelly form. Land preparation at the trial site was performed through plough and
harrow so as to obtain a fairly clean and good tilth for the planting of the trial.
3.2

Treatments, experimental design and layout

The experiment was laid out in a split-split plot arrangement fitted into a randomized
complete block design (RCBD). Treatment factors consisted of two levels of P
fertilization, two moisture status and eight cowpea genotypes. The P levels (unfertilized
control plot with less than 8 mg P ha-1 as measured in the soil and inorganic P
fertilization at the rate of 40 kg P ha-1 application to achieve approximately 35 mg P ha-1
of soil P (Bray 1) constituted the main plot factor, the moisture status (drip irrigation at
regular interval to eliminate moisture stress condition and solely rain-fed condition that
frequently triggers moisture stress status during the growth period) constituted the sub
plot factor while the eight cowpea lines (Tvu 4632, Tvu 6365, Tvu 9848, Tvu 15445, Tvu
16408, Tvu 15143, Oloyin and IT00K-1217(local check)) constituted the sub-sub plot
factor. Each sub-plot measured 9 m × 10 m (90 m2) while the main plot measured 9 m x
20 m (180 m2). Based on local agricultural practices, the plant spacing used for seed
sowing was 75 cm x 20 cm with a calculated plant density of 66667 plant ha-1.

All seeds planted were pre-treated with captan against soil insects and pathogens.
Inorganic P fertilizer was applied at planting in the form of single super phosphate
(10.5% P) at the rate of 1000 kg ha-1. Plots with well-watered plants were uniformly
irrigated on weekly basis using drip irrigation at 297.5 L hr -1 for 2 hours while the water
stress plots were solely dependent on rainfall without any form of supplementary
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irrigation. Rainfall data were collected during the growing season from the weather
station installed at the farm. Post-emergence weed control was achieved manually
using hand hoes with weeding first carried out at 3 weeks after seedling emergence
while subsequent weedings were performed by rogueing as required from time-to-time.
Pests such as aphids observed on the field were controlled by regularly spraying
dimethoate 40 EC at the rate of 750 ml ha-1 throughout the growing season.

3.3 Cowpea plant phenological and growth data collection
Phenological variables, namely days to 50% flowering and number of days to
physiological maturity, as well as growth parameters, such as the number of trifoliate
leaves per plant and plant height, were collected on biweekly basis starting from 6
weeks after planting until the R5 stage of the reproductive growth stage, which marks
the stage of seed formation. Photosynthesis rate and the aboveground plant biomass
on four randomly selected tagged plants per plot were taken and recorded at 8 weeks
after plant emergence. Four plants were randomly harvested using a sharp edge knife
from above the ground surface for biomass determination while twenty fresh immature
green pods were also randomly harvested per plot prior to physiological maturity. Both
sampled materials were weighed and oven dried at 60°C to a constant weight; they
were then milled and used for tissue P analysis.
3.3.1 Soil core sampling for root morphology analysis
Two soil core samples were taken from well-watered, water stressed, high and low-soil
P fertilized plots to check the root distribution in the soil across various soil depths. The
soil cores were collected 10 cm away from each plant until 60 cm depth (Plate 1).

3.3.2 Plant and soil sampling for the Shovelomics
Shovelomics was done using a legume root phenotyping board and an electronic
vernier caliper (Plate 2) on randomly harvested four plants per plot during the late
vegetative stage. The plants were removed using ―shovelomics technique (Lynch,
2011), during (R1) reproductive stage four plants were dug using a shovel about 20 cm
away from each side of the plants and carefully removing the plant from the soil without
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disturbing the root system of the plant in the soil, and the roots were washed with water
to remove the soil. For plant tissue sampling, ten leaf disks from two of the four plant
samples harvested were sub-sampled, oven dried at 60°C, weighed, ground and used
for plant tissue P analysis following the procedure described by Mitchell (1972) and
Murphy and Riley (1962). Each soil core sample taken per plot was partitioned into six
depths to observe root distribution at each depth; and the root content from each depth
collected, arranged in well-labelled plastic bags, later washed using tap water and kept
inside bottles containing little amount of water for scanning using a root image scanner
(Espon perfection, Plate 3). Espon perfection is scanner which is used to scan root
images that are used to determine root distribution in the soil (Plate 5).
Soil samples from the six different depths were collected and separately packed. Subsamples (in duplicate) were taken, weighed and oven dried at 105°C to a constant
weight for gravimetric soil moisture determination. Similarly, a Time-Domain
Reflectometer, TDR, (Plate 4) was also regularly used for in-situ measurement of soil
moisture content of undisturbed soil at (0-15 cm and 15-45 cm). Both pre-planting and
post-harvest soil samples were collected and used for pH (KCl), available Bray 1 P and
exchangeable K, Ca, Mg and Na determinations.
3.3.3 Root washing and scanning
After the soil core sampling was performed, samples were transferred to the laboratory
and each sample was cut into 10 cm segments up to the 60 cm depth. Each segment
was washed using a 2 mm size sieve and the roots remaining in the sieve were kept in
urine cups with water and kept in a refrigerator. The washed and preserved roots were
later scanned using a root scanner (Epson perfection).

3.4 Measurement of photosynthesis parameters
The Licor system (LI-6400, 4647 Superior Street Lincoln, Nebraska USA) was used for
measurement of photosynthesis and transpiration parameters based on the differences
in CO2 and H2O in an air stream that flows through the leaf cuvette model. The
measurements were taken between 11:00 and 13:00 during the sunny day on the two
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top fully expanded leaves. These photosynthetic parameters were collected at the
podding stage. The photosynthetic parameters measured were intercellular CO2 (μmol
CO2 mol-1), water conductance (mol H2O m-2 s-1), transpiration rate (mmol H2O m-2 s-1),
and vapour pressure deficit measured based on the leaf temperature (kPa), single cell
CO2 (μmol CO2 mol-1), H2O (mmol H2O mol-1) and relative humidity (RH %). Two fully
expanded leaves were selected per plot and they were clipped to the head of the Licor
6400 to measure all required parameters. Only four of the eight cowpea genotypes
(Oloyin, Tvu 4632, Tvu 6365 and Tvu 9848) were used for photosynthetic parameters
for the purpose of managing time constraint during data collection and reducing the
potential variation that may be associated with the measurement of parameters beyond
the specified time.
3.5

Collection of data on root architecture

Shovelomics, a term used to describe the study of root imaging and biomass through
phenotyping, was done during the (R1) reproductive stage. Legume root phenotyping
board was used to determine root distribution and root shape. The root characteristics
for the eight cowpea lines studied included nodule score which ranged from 5= many
healthy nodules, 4=few heathy nodules, 3=heathy nodule, 2=less heathy nodules, 1= no
heathy nodules) per plant, deep scores which from 5= deeper roots, 1= no deep roots,
shallow scores which from 5= more shallower roots, 4=few shallow roots, shallow roots,
2=less shallow roots, 1=no shallow roots, disease scores which ranged from disease
score 5 = no visible pathogen, 4=few visible pathogen3= nematode damaged, or 2=
less damage, no nematode damage, 1= extensive pathogen or nematode damage,
fresh and dried root weights, and root length. Others included tap root diameter at 5, 10,
15 and 20 cm soil depths, the basal root angle, adventitious root angle, and root
branching density at 5, 10 and 15 cm soil depths, as well as the taproot density (Taproot
diameter at 5 cm, taproot diameter at 10 cm, taproot diameter at 15 cm and taproot
diameter at 20 cm). Roots were collected using soil cores in order to determine root
distribution by soil depth. Traits that co-optimize water- and P-use efficiency at both
temporal and spatial levels were considered in both high- and low-P as well as wellwatered and water-stressed plots. These are the number of basal roots, and root angle.
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Images of root systems of all samples were taken for reference. Taproot diameters at 5,
10, 15 and 20 cm and 1.5 branching densities at 5, 10 and 15 cm were measured using
an electronic caliper. The taproot diameters were measured at the depths of 5, 10, 15
and 20 cm below the soil and above 1.5 branching roots densities were measured using
caliper at different soil depths.

Plate 1: Soil core sampling for gravimetric moisture determination and root distribution
study across soil depth
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Plate 2: A legume root phenotype board (left) and an electronic vernier caliper (right)
used for collecting root data

Plate 3: Root scan (using root scanner Epson perfection) equipment used at Ukulima
Root Biology Center.

Plate 4: A TDR regularly used for in-situ soil moisture monitoring on the field
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Plate 5: Steps involving root morphology analysis are soil coring (top left), transferring
core samples into well-labelled plastic bags (top right), washing of roots on a sieve
(middle left), transferring washed clean roots into labelled urine cups (middle right), and
scanning of roots using an Epson root scanner to produce images (lower left and right)
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3.6

Harvesting of cowpea and data collection

The crops were harvested manually when pods attained full harvest maturity and were
sufficiently dried. Mature dried pods were hand-picked twice from each plot and the two
harvests were combined for processing or threshing; and subsequently weighed. The
number of dried pods per plant, number of seeds per pod, pod length, and the number
of branches per plant were taken and recorded at harvest. Pod length and seed count
per pod were determined on ten randomly harvested dry pods per plot while the pod
length was measured using a ruler. The weight of grains per plot was obtained after
threshing.
3.7

Total N and P determination in grain samples after harvest

Total N in plant tissue was determined using Micro Kjeldahl Acid Digestion Process.
The sample was reacted with Salicylate and Sodium hypochlorite solution to produce a
blue compound measured at 660nm. Nitroprusside was used as a catalyst (Method No
G-188-97 Rev .5) (Jense, 1991; Bremner and Mulvaney, 1982). Thereafter, N uptake
was calculated using the equation:
Nitrogen uptake= (total N content x grain yield)/100
Phosphorus content was determined following colorimetric method in which a yellow
colour is formed by the reaction of phosphate with vanadomolybdate in an acidic
medium. The concentration of the phospho-molybdovanadate complex was read on a
UV spectrophotometer at 420nm (Method No G-130-94 Rev.1) (Murphy and Riley,
1962). Thereafter P uptake was calculated using the equation:
Phosphorus uptake= (total P x grain yield)/100
3.8

Data analysis

Soil analysis, growth and yield parameters generated, including all measured data on
root characteristics, were subjected to analysis of variance using STATISTIX 8.1.
Differences amongst treatment means were separated using the Turkey‘s test at 5 %
level of probability.
23

CHAPTER 4
RESULTS
4.1

Selected chemical properties of soil samples from the trial site prior to planting
and after crop harvest

The chemical properties of the surface soil (0-15 cm) sample taken after crop harvest
are presented in Tables 1 and 2. The Soil pH (KCl) measured in soil at the depth of 0-15
cm is 5.85, indicating moderate acidity. The pre-planting soil analysis showed that the
mean availability P (Bray 1) level in the soil was medium (15.78 mg kg-1), while the
mean value of basic cations namely Ca, Mg, K and Na were 136, 43, 24 and 9.33 mg
kg-1, respectively. The value for exchangeable acid was below the critical level while P,
Ca, Mg, K and ECEC were above the critical level and were hence considered
adequate. The effective cation exchange capacity (ECEC) of the soil was 7.20 Mmol (+)
kg-1. The mean available P level in post-harvest soil samples from plots with high P
fertilisation level in both well-watered and water-stressed plots was 40.5 mg kg-1 while
the extractable Zn concentration was 7.95 and 8.25 mg kg-1, respectively. Availability of
P in soil samples from water stress and well-watered plots were 7.5 and 9.5 mg kg-1,
respectively. Extractable Zn concentration from plots with low P fertilisation level under
water stress and well-watered condition were 8.76 and 7.76 mg kg-1, respectively. The
critical value for ECEC according to Sanchez (1976) is 4 Mmol (+) kg-1 possibly
indicating that the soil was fertile.
4.2

Rainfall and temperature in 2012/2013 season

The rainfall distribution and temperature readings collected during 2012/2013 growing
season are presented in Figure 1. The highest total monthly rainfall of 110.6 mm was
recorded in December during the planting time while the lowest total monthly rainfall (15
mm) was received during vegetative stage in February. The highest average maximum
monthly temperature of 23.38 °C and the lowest average minimum monthly temperature
of 10.37 °C were recorded on February and May respectively. Reduced maximum and
minimum monthly average temperatures were recorded in March during the growing
season. Figure 2 presents the 2012/2013 growing season‘s mean monthly heat units,
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which were highest (25.9) in December during early crop establishment and lowest
(20.9) in the month of September. Figure 3 presents the mean daily evapotranspiration
during the growing season. During December the highest daily average of
evapotranspiration was received 0.148

mm while the lowest average daily

evapotranspiration was obtained in April (0.0189 mm).
Table 1: Results of pre-plant soil analysis from the trial site
Measured variables
Mean
pH(KCl)
5.85
-1
P (Bray 1) (mg kg )
15.78
-1
Ca (mg kg )
136
Mg (mg kg-1)
43
-1
K (mg kg )
24
-1
Na (mg kg )
9.33
-1
Exchangeable acid (Mmol(+) kg )
1.14
-1
ECEC (Mmol(+) kg )
7.20
ECEC implies effective cation exchange capacity

SE mean
0.23
3.51
9.28
3.13
2.98
0.17
0.08
0.45

C.V (%)
11.8
66.8
20.4
21.6
37.2
5.4
20.6
18.7

Table 2: Results of P and Zn concentration after crop harvest from the trial site
Phosphorus
fertilisation level
High
Low

P (Bray 1) (mg kg-1)
Water stressed
Well-watered
40.5
7.5

40.5
9.5

25

Zn (mg kg-1)
Water stressed
Well-watered
8.28
8.76

7.95
7.76

Figure 1: Monthly average rainfall, minimum and maximum temperatures at Ukulima
farm in 2012/2013 growing season.

Figure 2: Daily average of evapotranspiration at Ukulima farm during the planting
season
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4.3

Cowpea phenological and growth parameters

4.3.1 Number of days to 50% flowering
The results of treatment effects on the mean number of days to 50% flowering as well
as to 50% physiological maturity are presented in Table 3. Differences in cowpea
genotypes exerted a significant (P≤0.001) effect on the duration to 50% flowering. The
number of days to 50% flowering for cowpea genotypes Tvu15143, Tvu 15445 and
Oloyin did not differ significantly from each other but were significantly (P≤0.001)
different from that of genotype Tvu 16408. Cowpea genotypes Tvu 15143 and Tvu
15445 reached 50% flowering much earlier (approximately 53 days) than any other
genotypes (longer than 55 days) while cowpea genotypes IT00K 1217 attained 50%
flowering at 59 day after planting. There was no interaction between P level x moisture
stress x cowpea genotype on phenological and growth parameters.
4.3.2 Number of days to 50% physiological maturity
Among the eight cowpea genotypes evaluated, Tvu15143 reached physiological
maturity much earlier (76.0 DAP), followed by Tvu16408 (78.2 DAP) while IT00K1217,
which is one of the two newly registered cowpea genotypes, took the longest number of
days (83 DAP) to attain physiological maturity (Table 4). The mean number of days to
physiological maturity for IT00K 1217, Oloyin, Tvu 9848, 6365 and Tvu 4632 were
comparable and did not differ significantly. Moisture status and P level exerted no
significant influence on the mean number of days to physiological maturity (Table 3).
4.3.3 Effect of cowpea genotype, P level and moisture status on growth parameters
Phosphorus level and cowpea genotype exerted significant (P≤0.05) effect on plant
height at 4,6, 8 and 10 WAP and number of branches at 10 WAP (Table 3). Moisture
status showed no significance difference on number of branches and plant height. Plant
height and the mean number of branches per plant showed a statistically significant
(P≤0.01) difference among the different cowpea genotypes (Table 3).
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4.3.3.1 Plant height
Soil P level showed a significant (P≤0.05) difference on plant height. Soil P level
increased plant height by 23 % at 4 WAP, while it increased plant height by 29 % at 6
WAP, while it increased plant height by 34 % at 8 and 10 WAP. Cowpea genotype Tvu
15445 at 4 WAP had the tallest plants (12.04 cm) (Table 3). There were no statistical
differences among Tvu 9848, 4632, 16408 and 15143 but these were marginally taller
than the two newly registered local genotypes (IT00K 1217 and Oloyin). Similarly, Tvu
15445 had the tallest plants (18.42 cm) at 6 WAP. However, cowpea genotype Tvu
15143 had the tallest plants at 8 WAP (24.97 cm) as well as at 10 WAP (31.94 cm)
while Oloyin had the lowest plant height in both cases.
4.3.3.2 Number of branches
Soil P increased number of branches by 19 % and decrease by 16 %. The mean
number of branches for cowpea genotypes Tvu 15445, Tvu 9848 and Tvu 16408 at 6
WAP did not differ significantly from each other but were significantly higher than those
of IT00K 1217 and Oloyin; with Oloyin being the least. Cowpea genotype Tvu 16408
had the highest number of branches at 8 WAP while Oloyin had the lowest number. A
significant (P≤0.01) cowpea genotype x P level interaction effect was obtained on mean
plant height measured at 6 WAP and the mean number of days to physiological maturity
(Table 4). The results revealed that cowpea genotype Tvu 15445 had the tallest plants
under high soil P condition while the lowest plant height was obtained IT00K1217 under
low soil P (Table 4). There was no interaction between P level x moisture stress x
cowpea genotype on growth parameters.
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Table 3: Effect of moisture stress condition and phosphorus level on growth parameters of different cowpea genotypes
Treatment

Days to
flowering

Days to
physiological
maturity

Plant
height 4
WAP

Soil P level (P)
Low
56.7a
80.8a
9.2b
High
56.5a
80.4a
11.3a
Moisture status (M)
High
56.3a
80.4a
10.3a
Low
56.9a
80.9a
10.2a
Cowpea genotypes (V)
IT00K1217
59.0b
83.0c
7.9d
Oloyin
57.6ab
83.0c
9.4cd
Tvu 9848
57.6ab
82.6c
10.5bc
Tvu 6365
58.0ab
82.6c
9.9c
Tvu 4632
58.7b
82.6c
10.3bc
Tvu 15445
53.1a
77.3bc
12.0a
Tvu 16408
55.1bc
78.2b
10.4bc
Tvu 15143
53.6a
76.0a
10.5bc
Soil P level (P)
ns
ns
**
Moisture (M)
ns
ns
ns
C-genotypes (V) ***
***
***
PxM inter
ns
ns
ns
PxV inter
ns
*
ns
VxM inter
ns
ns
ns
Means followed by the same letter in a column are not

Plant
height 6
WAP

Plant
height 8
WAP

Plant
height
10 WAP

Number of
branches
6 WAP

Number of
branches
8 WAP

11.9b
15.3a

16.9b
22.7a

21.8b
29.2a

3.6b
4.3a

4.6a
5.9a

14.3a
12.9a

21.1a
18.6a

27.5a
23.5a

3.1a
3.9a

4.1a
4.8a

10.4b
14.5de
19.5de
11.1b
14.4e
17.9e
13.8ab
20.1bc
26.5abc
12.8ab
18.6cd
24.5cd
13.6ab
21.2abc
27.4abc
18.4a
21.6abc
25.9bc
13.9ab
23.2ab
30.5ab
14.8ab
24.1a
31.9a
*
**
*
ns
ns
ns
**
**
***
ns
ns
ns
**
ns
ns
ns
ns
ns
significantly different at P ≤ 0.05

3.4b
3.2b
4.4a
4.1ab
3.6ab
4.2a
4.5a
3.9ab
*
ns
***
ns
ns
ns
*= significantly

4.3bc
4.2c
5.2a
5.1ab
4.8abc
5.1ab
5.6a
4.9abc
ns
ns
***
ns
ns
ns
(P ≤ 0.05), **

significantly (P ≤ 0.01), ns= non-significantly (P ≤ 0.05), P=Phosphorus, M= Moisture stress while C-genotypes implies
cowpea genotypes, WAP= Weeks after planting.
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Table 4: Cowpea genotypes x P levels interaction effects on days to 50% physiological
maturity (PM) and plant height of eight different cowpea genotypes
Prates

Genotypes

Day to 50% PM

Plant height (cm)
at 6 WAP

HP

Tvu 15445

76.0d

22.70a

HP

Tvu15143

76.0d

16.95ab

HP

Tvu16408

76.9cd

16.03ab

HP

Tvu4632

83.0a

15.23ab

HP

Tvu 9848

83.0a

14.56ab

HP

Tvu 6365

82.1ab

14.05ab

HP

Oloyin

83.0a

12.22b

HP

IT00K 1217

83.0a

10.89b

LP

Tvu 15445

78.6cd

14.14ab

LP

Tvu 15143

76.0d

12.55b

LP

Tvu 16408

79.5bc

11.81b

LP

Tvu 4632

82.1ab

11.98b

LP

Tvu 9848

82.1ab

13.13ab

LP

Tvu 6365

83.0a

11.47b

LP

Oloyin

83.0a

9.95b

LP

IT00K 1217

83.0a

9.88b

0.026*

0.0053**

Significance

Means followed by the same letter in a column are not significantly different at P ≤ 0.05
*= significant (P ≤ 0.05), ** = significant (P ≤ 0.01), ns= non-significant (P ≤ 0.05), WAP=
Weeks after planting. LP= Low soil Phosphorus and HP= High Phosphorus
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Significantly positive correlation was obtained between nodule score, grain yield and
cowpea biomass. Significant correlation was obtained between nodule score and grain
yield (Table 5). Highly positive and significant correlation was obtained between number
of branches at 8 WAP and grain yield of cowpea. Strongly positive and significant
correlation was obtained between number of branches at 8 WAP and grain yield (Table
6).
Table 5: Pearson correlation of nodulation, biomass and grain yield
Biomass
Nodule

0.3966***

Yield

0.2574**

Nodule score

0.1808*

Table 6: Pearson correlation of number of branches and grain yield
Number of branches 6 Number of branches 8
WAP
Number

WAP

of branches 8 0.7919***

WAP
Grain yield

0.4454***

0.4213***

4.3.3.3 Treatment effects on leaf count per plant
The results shown in Table 7 reveal that soil P level and cowpea genotype exerted
significant (P≤0.05) effect on the mean number of leaves at the different sampling
dates. Although cowpea genotype x P level interaction had a significant effect on leaf
count only at 6 and 8 WAP, the pattern of significant differences was unusual and
cannot be explainable. Cowpea genotype Tvu 15143 consistently maintained the
highest mean number of leaves per plant throughout the leaf count period while the
IT00K1217 had the lowest number except at 12 WAP where Oloyin recorded the least
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mean leaf count per plant. Variation in soil moisture condition exerted no significant
differences on the mean leaf count of the cowpea plant.
The interaction between cowpea genotype and moisture stress condition exerted
significant effect on leaf count per plant at 6 and 12 WAP (Table 8). Tvu 15143 had
more leaves under well-watered condition while Oloyin had the least at 6 WAP. Similarly
at 12 WAP, cowpea genotype Tvu 15143 had the highest leaf count per plant under
well-watered soil condition while Oloyin had the least regardless of the soil moisture
condition. The mean number of leaf count obtained under high soil P condition was
consistently higher than that under low soil P. Water stressed condition reduced number
of trifoliate leaves per plant on the most cowpea genotypes. Cowpea genotype Tvu
15143 produced more number of trifoliate leave under well-watered condition as
compared to water stress condition. Number of leaves were significantly affected by P
level. Application of P level increased plant growth by increasing development of
meristematic tissue which will result in greater number of leaves in cowpea. It help in
division of cell growth and development of the new tissue and is found in large amount
on new cell growth and play essential in transfer of energy such as ATP. Number of
leaves during 6 and 8 WAP were collected in January from a field that received higher
amount of rainfall which could have contributed toward an increased in leaves. Increase
in amount of P level and rainfall increased number of leaves per plant.
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Table 7: Effect of cowpea genotype, moisture status and phosphorus levels on mean
number of trifoliate leaves per cowpea plant
Leaf count per plant (weeks after planting)
Treatments
6

8

10

12

Soil P level (P)
Low
5.6b
12.1b
18.2b
19.5b
High
8.1a
16.6a
22.7a
25.0a
Moisture status (M)
Stressed
6.8a
14.4a
19.1a
21.4a
Well watered
7.0a
14.3a
20.9a
23.1a
Cowpea genotypes (V)
Tvu 4632
6.3b
13.0b
18.7bc
21.2bc
Tvu 6365
7.4b
15.4ab
21.0b
22.1b
Tvu 9848
6.5b
14.4b
20.0b
21.6bc
Tvu 15445
7.3b
14.9b
20.7b
22.6b
Tvu 16408
7.4b
15.7ab
22.0ab
24.6ab
Tvu 15143
9.9a
18.0a
25.4a
27.2a
Oloyin
5.8bc
13.8b
19.8b
17.4c
IT00K-1217
4.6c
9.7c
16.0c
21.2bc
P-values
P
0.020*
0.009**
0.040*
0.048*
PxV interaction
0.046*
0.036*
0.712ns
0.680ns
MxV interaction
0.040*
0.609ns
0.162ns
0.044*
. Means followed by the same letter in a column are not significantly different at P ≤
0.05, *= significant (P ≤ 0.05), **= highly significant (P ≤ 0.01) ns= non-significant (P ≤
0.05).
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Table 8: Cowpea genotypes X Moisture status interaction effects on the number of
cowpea trifoliate leaves at different growth stages
Moisture status

Cowpea

6 WAP

12 WAP

Genotype
Well-watered

Oloyin

4.7ef

17.4c

Water stressed

Oloyin

4.6f

17.3c

Well-watered

IT00K-1217

4.9def

20.19bc

Water stressed

IT00K-1217

6.8cdef

22.1abc

Well-watered

Tvu 9848

6.9bcdef

23.4abc

Water stressed

Tvu 9848

6.1cdef

19.9bc

Well-watered

Tvu 6365

7.0bcdef

22.0abc

Water stressed

Tvu 6365

7.8abc

22.6abc

Well-watered

Tvu 15445

8.1abc

26.0ab

Water stressed

Tvu 15445

6.4cdef

19.19bc

Well-watered

Tvu 4632

6.8bcdef

20.9bc

Water stressed

Tvu 4632

5.9cdef

21.4abc

Well-watered

Tvu 15143

10.1a

28.6a

Water stressed

Tvu 15143

9.4ab

25.8ab

Well-watered

Tvu 16408

7.5bcd

26.2ab

Water stressed

Tvu 16408

7.2bcde

23.0abc

0.7283

1.9628

SEM

Means followed by the same letter in a column are not significantly different at P ≤ 0.05;
SEM implies standard error of mean. Means followed by the same letter in a column are
not significantly different at P ≤ 0.05, *= significant (P ≤ 0.05), **= highly significant (P ≤
0.01) ns= non-significant (P ≤ 0.05)
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Plate 6: Visual observation of cowpea plants growing in well-watered plots under low
soil P (left) and high soil P (right) conditions
The deficiency

of P to plants results in stunted in growth, leaves often have an

abnormal dark-green colour

and the leaves of the crop turn yellow similar to N

deficiency (plate 6). Phosphorus play an important role as a source of energy and it also
play an important which help bacteria to convert atmopspheric N into ammonium so that
it can be used by plant. Fertilisation with P helps the nodule to develop and become
active and development of roots in crops. Early development of roots play an essential
role during negative and abiotic and biotic stress condition. Adequate amount of P
application can improve plant nutrition and reduced diseases reistance.

4.4 Measurement of photosynthetic parameters
The results show that soil moisture condition and cowpea genotype exerted significant
(P≤0.01) effect on photosynthetic rate, water conductance, transpiration rate, sample
cell CO2, sample cell H2O and relative humidity in the cell (Table 9). Variation in P levels
had no significant effect on the measured parameters. The Oloyin genotype had the
highest photosynthetic rate followed by Tvu 4632 while cowpea genotype Tvu 9848 had
the least photosynthetic rate. Cowpea genotype Tvu 9848 had more intercellular CO 2
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while Oloyin obtained the least intercellular CO2. The Oloyin genotype also had more
water conductance, transpiration rate, sample cell H2O and relative humidity than any
other genotype while genotype Tvu 9848 had the least concentration of these
parameters. However, cowpea genotypes Tvu 9848 and Tvu 6365 had more sample
cell CO2 and vapour pressure deficit than any other genotypes. The least vapour
pressure deficit was recorded in Oloyin.
4.4.1 Interaction of moisture status and cowpea genotype on photosynthetic parameters
Interaction of moisture stress and cowpea genotype had a significant effect on
intercellular CO2 concentration (Table 10). The condition of water stress reduced the
intercellular CO2 concentration of Oloyin, Tvu 6365 and 4632 but resulted in a
significant increase in intercellular CO2 concentration in Tvu 9848 genotype. The
condition of well-water benefitted intercellular CO2 concentration in the four genotypes
studied. There was no interaction between P level x moisture stress x cowpea genotype
on photosynthetic parameters collected.
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Table 9: Treatment effects on photosynthetic and stomatal conductance parameters

Treatment
source

Intercellular
photosynthetic
CO2
rate
(μmol mol-1)
(μmol m-2 s-1)

Water
Transpiration Sample cell
conductance
rate
CO2
(mmol H2O (mmol H2O (μmol CO2
m-2 s-1)
m-2 s-1)
mol-1)

Vapour
pressure
deficit
(kPa)

Sample cell RH in the
H20
cell
(mmol H2O (%)
mol-1)

Soil P level (P)
Low
16.71a
201.08a
0.28a
8.44a
330.59a
3.17a
15.50a
28.04a
High
17.82a
200.64a
0.29a
8.61a
329.14a
3.09a
16.10a
29.84a
Moisture status (M)
Stressed
11.96b
199.33a
0.17b
5.67b
339.26a
3.42a
11.87b
21.54b
Well watered
22.57a
201.87a
0.40a
11.38a
320.47b
2.85b
19.83a
36.34a
Cowpea genotypes (V)
Tvu 4632
18.06b
202.44ab
0.31a
8.96ab
328.41b
3.08bc
16.57ab
30.65ab
Tvu 6365
15.82c
201.00ab
0.26b
8.09bc
332.79a
3.10ab
15.16bc
27.76bc
Tvu 9848
13.92c
207.69a
0.22b
7.10c
335.09a
3.30a
13.75c
25.06c
Oloyin
21.25a
192.31b
0.35a
9.96a
323.17c
2.95c
17.92a
32.47a
P-values
P
0.5613ns
0.9132ns
0.7172ns
0.5922ns
0.6894ns 0.8404ns 0.7119ns 0.5956ns
M
0.0004***
0.7359ns
0.0000***
0.0003***
0.0002*** 0.0001***
0.0014**
0.0011**
V
0.0000***
0.0780ns
0.0000***
0.0000***
0.0000***
0.0070**
0.0000*** 0.0000***
MxV
0.0674ns
0.0049**
0.9179ns
0.3345ns
0.1861ns 0.7241ns 0.2119ns 0.1425ns
PxMxV
0.9158ns
0.7823ns
0.9594ns
0.9789ns
0.9055ns 0.4675ns 0.9773ns 0.9451ns
Means followed by the same letter in a column are not significantly different at P ≤ 0.05; RH implies relative humidity
Means followed by the same letter in a column are not significantly different at P ≤ 0.05, *= significant (P ≤ 0.05), **=
highly significant (P ≤ 0.01) ns= non-significant (P ≤ 0.05),
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Table 10: Moisture status x cowpea genotype interaction effects on intercellular carbon
dioxide concentration
Moisture status (M)

Cowpea genotypes

Intercellular
CO2 (μmol mol-1)

Ws

Oloyin

187b

Ww

Oloyin

198ab

Ww

Tvu 9848

196ab

Ws

Tvu 9848

220a

Ww

Tvu 6365

207ab

Ws

Tvu 6365

195ab

Ww

Tvu 4632

207ab

Ws

Tvu 4632

196ab

SEM

8.28

Means followed by the same letter in a column are not significantly different at P ≤ 0.05,
*= significant (P ≤ 0.05), **= highly significant (P ≤ 0.01) ns= non-significant (P ≤ 0.05),
Ws= water stress and Ww=well-watered condition
4.5 Biological and grain yield attributes
Cowpea grain yield and yield attributes as affected by the different treatments during
2012 planting season are presented in Table 11. The statistical analysis showed that P
levels and cowpea genotypes had significant effects (P≤0.05) on mean hundred seed
weight (HSW), pod length, pod dry weight and grain weight. All the pod characteristics
measured namely the 100 seed weight, number seed per pod, pod length and number
of pods per plant were significantly (P≤0.01) affected by differences in cowpea
genotype. Genotypes IT00K1217 and Oloyin gave the highest HSW while Tvu 15143
had the least. Cowpea genotype Tvu 9848 had the longest pods and while the shortest
pods were obtained by cowpea genotype IT00K 1217, which did not differ significantly
from that of Tvu 16408. Cowpea genotype Tvu 9848 had higher number of seeds per
pod, followed by Tvu 6365 and while the lowest number of seeds per pod was obtained
by IT00K 1217. Cowpea genotype Oloyin obtained higher number of pods per plant,
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while the lowest number of pods per plant was obtained by Tvu 9848.

Cowpea

genotypes Tvu 63695, 15445 and 15143 did not differ significantly in the mean number
of pods per plant.

The fresh and dried weights of immature pods obtained from

genotype Tvu 15445 were highest and the least was with Oloyin. The dried weights of
the immature pods from Tvu 15445 and 15143 were not significantly different.
Dry matter percentage showed no significant response to P level and moisture stress
conditions. Dry matter percentage showed significant response to cowpea genotype.
Cowpea genotype Tvu 15143 obtained maximum amount of dry matter percentage
while the lowest was obtained by Tvu 6365 (Table 11). There was no interaction
between P level and moisture stress, moisture stress and cowpea genotypes, P level x
cowpea genotypes, P level x moisture stress x cowpea genotype on DM %.

Fig. 3: Mean grain yield (kg ha-1) of the various cowpea genotypes. Columns with similar
letters are not significantly different at P≤0.05.
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4.5.1 Grain weight
Table 11 shows that only the moisture stress and cowpea genotype variation exerted a
significant (P≤0.05) effect on grain yield. Under well-watered condition cowpea
genotype obtained higher grain yield while the lowest was obtained under water stress
condition. Water stress caused reduction in yield and yield componements in cowpea.
Cowpea genotype Tvu16408 had the highest grain yield while the lowest grain yield was
given by cowpea genotype IT00K1217 (Figure 3). IT00K1217, Oloyin and Tvu 15445
had significantly lower grain yield than Tvu 16408.
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Table 11: Effect of cowpea genotype on moisture stress condition and phosphorus levels on cowpea yield parameters
Treatment

Number of
seeds per
pod

Number of pods FW of
DW of
per plant
immature immature
pods (g) pods (g)

‡Dried Biomass Grain yield Dry matter
(kg ha-1)(10WAP) (kg ha-1)
percentage

17.7b
18.2a

14.8a
15.1a

19.1a
20.1a

113.3a
115.9a

24.3a
25.1a

2907.8b
3669.0a

1710a
1963a

19.72a
22.40a

18.1
17.8

15.2a
14.6a

21.6a
19.3a

115.2a
114.1a

23.8b
26.5a

3224.6a
3352.1a

1614b
2059a

21.137a
20.98a

17.1c
15.5d
20.4a
19.5ab
17.1cd
18.1bc
17.7c
18.03bc
0.0036**
ns
0.000***
ns
ns
ns

12.4c
10.8d
16.3ab
15.2b
15.1ab
16.1ab
15.9ab
16.1a
ns
ns
0.000***
ns
ns
ns

21.8abc
24.1a
17.1c
19.1bc
20.1abc
19.0bc
22.9ab
18.8bc
ns
ns
0.000***
ns
ns
ns

103.1bc
78.6c
111.5b
112.2b
107.5bc
167.1a
116.6b
120.4b
ns
ns
0.000***
ns
0.033*
ns

19.8c
18.3c
21.7bc
20.1bc
23.7bc
37.2a
25.8b
33.7a
ns
0.033*
0.000***
0.002**
0.032*
0.021*

2895.5c
2933.7c
2979.3bc
3410.4abc
3182.8abc
3541.2abc
3710.6a
3653.6ab
0.0007
ns
0.0010
ns
ns
ns

1256b
1441b
1960ab
1810ab
1732ab
1463b
3240a
1823ab
ns
0.0210*
0.0145*
ns
ns
ns

18.39b
24.12ab
18.38b
18.37b
20.61ab
21.04ab
21.85ab
25.733a
ns
ns
0.0016**
ns
ns
ns

Hundred Pod
seed
length
weight(g) (mm)

Soil P level (P)
Low
17.0
High
17.7
Moisture status (M)
Stressed
17.7
Well watered
17.0
Cowpea genotypes (V)
IT00K1217
21.4a
Oloyin
21.4a
Tvu 9848
19.1b
Tvu 6365
18.7b
Tvu 4632
15.6c
Tvu 15445
15.1cd
Tvu 16408
14.1de
Tvu 15143
13.62e
Phosphorus(P) ns
Moisture(M)
ns
Variety(V)
0.000***
PxV inter
ns
VxM inter
0.0073**
PxMxV
ns

Means followed by the same letter in a column are not significantly different at P ≤ 0.05;

*, ** & *** implies significant 5%, 1% and 0.1%,

respectively; ns implies non-significant at 5% level of significance. FW & DW implies fresh and dried weight, respectively while ‡ implies data
collected at the vegetative growth stage. WAP: Week after planting.
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Fig. 4: Soil moisture status x cowpea genotypes interaction effect on 100 seed
weight of the different cowpea genotypes (WS= Water stressed, WW= Wellwatered). Columns that have similar letter are not significantly different at P≤0.05.
4.5.2 Biomass production (10 WAP) and other grain yield attributes
The results in Table 11 indicate that soil P level and cowpea genotype exerted
significant differences (P≤0.01) on cowpea biomass. Cowpea genotypes Tvu 4632
and Tvu 16408 obtained the highest biomass while IT00K 1217 obtained least plant
biomass at (R1) reproductive stage. Cowpea genotype 16408 obtained highest plant
biomass while the lowest plant biomass was obtained from IT00K1217. The plant
biomass produced by cowpea genotypes Tvu 4632, 6365 and 15445 were
intermediate and not significantly different from each other. Low soil P reduced
cowpea plant biomass. High P achieved 26.2 % higher cowpea plant biomass than
the low soil P level.
The interaction between cowpea genotypes and moisture status exerted significant
effects on the HSW as well as the fresh and dried weight of immature pods
harvested (Table 12). Under water stress condition cowpea genotype Oloyin gave
higher HSW while the least HSW was obtained from Tvu 15143 under water stress
conditions (Fig 4). The HSW for cowpea genotype IT00K1217 under both water
stress and well-watered field conditions did not show any significant difference (Fig
4). The same was also true of cowpea genotype Tvu 6365. Under well-watered
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condition cowpea genotype Tvu 15445 gave higher fresh and dried weight of
immature pods while the lowest immature pod weight was given by Oloyin under
well-watered condition (Table 12). Cowpea genotypes Tvu 4632 and 15143 did not
show any significant differences on fresh and dried weight of immature pods under
both water stress and well-watered conditions. Cowpea genotype Tvu 15445 gave
higher dried pod weight under well-watered condition, while both IT00K1217 and
Oloyin had the lowest pods dried weight. Cowpea genotype Tvu 6365 did not show
any significant differences on dried weight of immature pods under water stress and
well-watered field conditions. Soil P level and cowpea genotypes interaction had a
significant (P≤0.05) effect on DM%, the homogeneous group format cannot be used
because of the pattern of significant differences. There was no significant interaction
between water status and cowpea genotypes on DM%.
Significant and positive correlation (P≤0.05) was obtained between grain yield and
number of pods per plant and number of seeds per pod. Negative and significant
correlation was obtained between grain yield and 100 seed weight (Table 13). A
negative and significant correlation was obtained from pod length and number of
pods per plant. Positive and significant correlation was obtained between pod length
and number of seeds per pod. Negative and significant correlation between number
of seed per pod and 100 seed weight (Table 13).
Significant and positive correlation (P≤0.05) was obtained between 6 WAP and 8,
10, 12 WAP, plant biomass and grain yield (Table 14). Significantly positive
correlation was obtained between number of trifoliate leaves at 6, 8, 10 and 12 WAP
and plant biomass. Significantly positive correlation was obtained between number
of trifolites at 8, 10 and 12 WAP and cowpea grain yield. Significantly positive
correlation was obtained between plant biomass and grain yield (Table 14).
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Table 12: Interaction effect of cowpea genotype and water status on yield
components of cowpea in 2012 planting season
Moisture status Genotypes

HSW

FW Immature Pods DW immature Pod
(g) (10 WAP)

(g) (10 WAP)

Ws

Oloyin

22.4a

90.4cd

20.3ef

Ww

IT00K-1217

21.6ab

100.8cd

17.4f

Ws

IT00K-1217

21.1ab

105.9bcd

22.1def

Ww

Oloyin

20.4bc

66.7d

16.4f

Ww

Tvu 9848

19.3cd

102.5bcd

20.0ef

Ww

Tvu 6365

18.8d

110.3bcd

20.1ef

Ws

Tvu 9848

18.8d

120.4bc

23.3def

Ws

Tvu 6365

18.7d

114.1bc

21.8def

Ww

Tvu 15445

16.3e

187.1a

40.1a

Ww

Tvu 4632

16.0ef

107.8bcd

22.4def

Ws

Tvu 4632

15.2efg

107.2bcd

25.0def

Ww

Tvu 16408

14.8fgh

123.3bc

24.0def

Ww

Tvu 15143

14.5gh

123.2bc

29.9bcd

Ws

Tvu 15445

13.9ghi

147.2ab

34.4abc

Ws

Tvu 16408

13.6hi

109.9bcd

27.6cde

Ws

Tvu 15143

12.7i

117.7bc

37.4ab

0.0073**

0.0332*

0.0321*

Significance

Means followed by the same letter in a column are not significantly different at P ≤
0.05, *= significant (P ≤ 0.05), **= highly significant (P ≤ 0.01) ns= non-significant (P
≤ 0.05), Ws= water stress, Ww= well-watered; HSW = Hundred seed weight; FW and
DW implies fresh and dried weight, respectively.
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Table 13: Pearson correlation analysis for yield and yield parameters

Pod length
Number of pod
per plant
Number of
seed per pod
100 seed
weight

Yield kg ha-1

Pod length

0.1604
0.2818**

-0.1793*

0.2666**

0.6607***

-0.1446

-0.1908*

-0.1085

0.1663

Number of pod
per plant

Number of
seed per pod

-0.4028***

Table 14: Pearson correlation between number of leaves and biomass and grain
yield
Leaf count per plant (weeks after planting)
6 WAP

8 WAP

10 WAP

12 WAP

8 WAP

0.8007***

10 WAP

0.7980***

0.8265***

12 WAP

0.7784***

0.7868***

0.9285***

Biomass

0.6583***

0.6881***

0.7552***

0.7401***

Grain yield

0.2631**

0.3831***

0.3781***

0.3782***

Biomass

0.3991***

4.6 Nutrient content and uptake in mature green pods and cowpea grains
4.6.1

Nutrient content in mature green pods and dried cowpea grains

Statistical analysis showed that variation in soil P level exerted a significant effect on
grain tissue P content and uptake across cowpea genotypes and a highly significant
difference on P content across the various cowpea genotypes (Table 15). Moisture
stress exerted a significant difference on P uptake. Cowpea genotypes Tvu 15445
and IT00K1217 had the highest total P content (0.52 %) and while Tvu 16408 had
the lowest (0.44 %). Cowpea genotype Tvu 16408 achieved higher P uptake (13.13
mg kg-1), while the lowest P uptake was obtained by cowpea genotype IT00K1217
with (6.38 mg kg-1). Cowpea genotype IT00K1217 had more total nitrogen (N)
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content (4.38 %), while the lowest total N content was obtained from Tvu4632 with
3.84 %. Cowpea genotype Tvu 16408 had higher N uptake (125.58 mg kg-1) while
the lowest N uptake was achieved by cowpea genotype IT00K1217 with (53.08 mg
kg-1).
The interaction between cowpea genotypes and P rates showed no significantly
effect on total N and N uptake and highly significant differences on P uptake (Table
16).
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Table 15: Effect of P level, moisture status and cowpea variety on nutrient content
and uptake of P and N in harvested cowpea grains
Treatment

Total P
content (%)

P uptake
(mg kg-1)

Total N
content (%)

N uptake (mg
kg-1)

Soil P level (P)
Low
0.42b
6.72b
4.06a
67.69a
High
0.53a
10.43a
4.13a
80.81a
Moisture status
Well-watered
0.48a
9.95a
3.97a
82.16a
Water stressed
0.47a
7.11b
4.23a
66.43a
Cowpea genotypes (V)
IT00K1217
0.52a
6.38b
4.38a
53.08b
Oloyin
0.46bcd
6.67b
4.05ab
58.14b
Tvu 9848
0.47bcd
8.88b
3.96b
75.80b
Tvu 6365
0.49ab
8.97b
4.36a
79.09b
Tvu 4632
0.44cd
7.97b
3.84b
67.14b
Tvu 15445
0.52a
7.61b
4.03ab
58.58b
Tvu 16408
0.44d
13.13a
3.93b
125.58a
Tvu 15143
0.48abc
8.91b
4.19ab
76.95b
Soil P level (P)
0.0350*
0.003**
0.602ns
0.223ns
Moisture (M)
0.530ns
0.032*
0.122ns
0.145ns
Cowpea genotype (V)
0.002**
0.034*
0.035*
0.024*
PxV interaction
0.007**
ns
ns
ns
Means followed by the same letter in a column are not significantly different at P ≤
0.05 * implies significantly different at P ≤0.05, ** implies significantly different at
P≤0.01, ns implies non-significantly at P=0.05)
Table 16: Interaction of P and moisture status on cowpea grain N and P status
Phosphorus Moisture
Total P
P uptake (mg Total N
N uptake (mg
-1
fertilisation
status
content (%) kg )
content (%) kg-1)
Level
HP
WW
0.55a
12.67a
4.07a
94.6a
HP
WS
0.51a
8.19a
4.18a
67.2a
LP
WS
0.43a
7.23a
4.25a
65.7a
LP
WW
0.42a
6.21a
3.86a
69.7a
P≤0.05
0.32ns
0.13ns
0.33ns
0.26ns
HP= high phosphorus and LP=low phosphorus, WS=water stress and WW=wellwatered. Means followed by the same letter in a column are not significantly different
at P≤0.05. ns implies non-significantly at P=0.05
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The results showed that P levels and cowpea genotype variation exerted significant
(P≤0.05) effects on P content, P uptake and N uptake in immature green pods (Table
17). Moisture status and cowpea genotype variation exerted significant effects on
total P content and N uptake in immature pods. Different cowpea genotypes
responded differently towards P level and moisture stress condition. Cowpea
genotype Tvu 9848 had more total P content, while the lowest total P content was
obtained by Tvu 15143. Cowpea genotype Tvu 15445 had higher P uptake and the
lowest P uptake was obtained by cowpea genotype Oloyin at 0.01 mg kg-1 in
immature green pods (Table 17). Cowpea genotype Tvu 9848 obtained higher total
N content (4.37 %), while the lowest total N content was obtained by cowpea
genotype Tvu 15445 with 3.35 mg kg-1. Cowpea genotypes Tvu 15445 obtained
more N uptake, while the lowest N uptake was obtained by cowpea genotypes Tvu
6365.

The interaction between cowpea genotype and moisture status exerted a significant
effect on N and P uptake of immature green pods harvested but not on total N and P
content (Table 18). Cowpea genotype Tvu 15445 absorbed more P uptake in wellwatered condition, while the lowest P uptake was obtained by Oloyin in well-watered
condition. Cowpea genotypes Tvu 4632, 16408 and IT00K1217 did not show any
significant difference in P uptake in immature pods. Cowpea genotype Tvu 15445
obtained more N uptake, while the lowest cowpea genotype to N uptake was Oloyin
under well-watered condition. Cowpea genotype Tvu 4632 did not any significant
effect on N uptake under water stress and well-watered condition. Different cowpea
genotypes respond to water stress in different manner.

47

Table 17: Effect of P level, moisture status and cowpea variety on Content and
uptake of P and N in harvested cowpea immature green pods
Treatment

Total P content P uptake
(%)
(mg kg-1)

Total N content N uptake (mg
(%)
kg-1)

Soil P level (P)
Low
0.46b
0.13a
3.85a
0.89b
High
0.55a
0.10b
3.94a
0.96a
Moisture status (M)
Well-watered
0.52a
0.12a
3.94a
0.89b
Water stressed
0.49b
0.12a
3.85a
0.97a
Cowpea genotypes (V)
IT00K1217
0.57ab
0.11c
4.16ab
0.81b
Oloyin
0.54ab
0.01c
4.35a
0.79b
Tvu 9848
0.60a
0.12bc
4.37a
0.86b
Tvu 6365
0.54ab
0.11c
4.08abc
0.71b
Tvu 4632
0.49bc
0.11bc
3.71bcd
0.86b
Tvu 15445
0.43cd
0.15a
3.35d
1.23a
Tvu 16408
0.44cd
0.11bc
3.67cd
0.94b
Tvu 15143
0.41d
0.14ab
3.46d
1.15a
Soil P level (P)
0.0179*
0.0093**
0.1275ns
0.0203*
Moisture (M)
0.0327*
0.3234ns
0.1011ns
0.0286*
Cowpea lines (V)
0.0000***
0.0000***
0.0000***
0.0000**
PxV interaction
0.2159ns
0.0029**
0.0245*
0.0347*
VxM interaction
0.0920ns
0.0199*
0.7652ns
0.0251*
Means followed by the same letter in a column are not significantly different at P ≤
0.05 * implies significantly different at P≤0.05, ** implies significantly different at P
≤0.01, *** implies significantly different at P≤0.001; ns implies non-significantly
different at P =0.05)
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Table 18: Interaction effect of soil moisture status and cowpea genotype on N and P
content and uptake of immature green pods
Moisture
Level
WW
WS
WW
WS
WW
WS
WW
WS
WW
WS
WW
WS
WW
WS
WW
WS

Cowpea
Genotype
Oloyin
Oloyin
IT00K-1217
IT00K-1217
Tvu 9848
Tvu 9848
Tvu 6365
Tvu 6365
Tvu 15445
Tvu 15445
Tvu 4632
Tvu 4632
Tvu 16408
Tvu 16408
Tvu 15143
Tvu 15143
P- values

Total P
content (%)

P uptake
(mg kg-1)

0.56a
0.53a
0.63a
0.51a
0.63a
0.58a
0.55a
0.54a
0.42a
0.42a
0.49a
0.49a
0.43a
0.43a
0.44a
0.36a
0.0920ns

0.09c
0.11bc
0.11bc
0.11bc
0.10bc
0.13abc
0.11bc
0.10bc
0.17a
0.14ab
0.10bc
0.12bc
0.10bc
0.12bc
0.13abc
0.14ab
0.0199*

Total N
content
(%)
4.42a
4.29a
4.35a
3.96a
4.46a
4.29a
4.01a
4.07a
3.30a
3.31a
3.72a
3.70a
3.62a
3.73a
3.378a
3.37a
0.7652ns

N uptake (mg
kg-1)
0.71e
0.86cde
0.75de
0.86cde
0.74de
0.97bcde
0.82cde
0.77de
1.33a
1.11abc
0.81cde
0.90cde
0.87cde
1.01abcde
1.05abcd
1.26ab
0.0251*

WS=water stress and well-watered; Means followed by the same letter in a column
are not significantly different at P≤ 0.05 *= significantly (P≤ 0.05), ** significantly (P≤
0.01), ns= non-significantly (P≤ 0.05)
The interaction between cowpea genotypes and P rate exerted a significant (P≤0.05)
effect on total N in cowpea grain (Table 19). Cowpea genotype Tvu obtained more
total N at high P level; Oloyin obtained more total N under low soil P and while the
lowest total N content was obtained by Tvu 15445 in low soil P. Cowpea genotypes
responded differently toward P level (Table 19)
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Table 19: Interaction effect of Soil P level and cowpea genotype on total N on
cowpea grains
Phosphorus level
HP
LP
HP
HP
LP
HP
HP
LP
LP
LP
LP
HP
HP
LP
HP
LP
Significance

Cowpea genotype
Tvu9848
Oloyin
IT00K1217
Oloyin
Tvu 9848
Tvu 6365
Tvu 4632
Tvu 6365
IT00K-1217
Tvu 16408
Tvu 15143
Tvu 16408
Tvu 15445
Tvu 4632
Tvu 15143
Tvu 15445

Total N (%)
4.44a
4.38a
4.33ab
4.32ab
4.30ab
4.16abc
4.04abcd
4.00abcd
3.98abcde
3.87abcde
3.60bcde
3.47cde
3.45cde
3.38de
3.31de
3.23e
0.0245*

Means followed by the same letter in a column are not significantly different at P≤
0.05 HP= high P fertiliser status and LP=low soil phosphorus. *= significantly (P≤
0.05).
4.7 Treatment effects on cowpea root characteristics
4.7.1 Lateral root branching density characteristics
The results show that cowpea genotype Tvu 6365 had higher branching density at 5
cm and 10 cm depths, while the lowest branching density at 5 cm and 10 cm depth
were obtained by Tvu 15143 (Table 20). Cowpea genotype IT00K1217 had more 1.5
mm branching density at 5 cm and 10 cm depth, while the lowest was obtained by
Tvu 15143 at 5 and 10 cm depth. Cowpea genotype Tvu 15143 had the highest 3rd
order branching density, while the lowest 3rd order branching density was obtained
by IT00K1217. Cowpea genotype Tvu 4632 obtained the highest deep score, while
the lowest deep score was obtained by genotypes Tvu 9848 and Tvu 15445.
Cowpea genotype Tvu 6365 obtained highest shallow score, while cowpea genotype
Oloyin had the least shallow score. Cowpea genotype Tvu 6365 had higher number
of basal roots, followed by Tvu 15445 while IT00K1217 had the lowest number of
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basal roots. Cowpea genotype Tvu 6365 had highest nodule score, while the lowest
nodule score was obtained by Oloyin. Phosphorus level and moisture stress status
had no influence on taproot diameter at 5 and 10 cm. Phosphorus level, moisture
stress status and cowpea variety had no influence on taproot diameter at 5, 10, 15
and 20 cm depth. There was no significant interaction between P level and moisture
stress on taproot diameter at 5, 10, 15 and 20 cm depth. The interaction between
moisture stress x P level showed no significantly effect on taproot diameter at 5 cm,
10 cm, 15 cm and 20 cm depth. The interaction between moisture stress x cowpea
variety showed no significantly effect on taproot diameter at 5 cm, 10 cm, 15 cm and
20 cm depth. The interaction between P level x moisture stress x cowpea variety
showed no significantly effect on taproot diameter at 5 cm, 10 cm, 15 cm and 20 cm
depth.
Phosphorus level, moisture status and cowpea genotype did not show any
significance (P≤0.05) difference on disease score.

There was no interaction

between P level, moisture status and cowpea variety on disease score (Table 20).
The results showed that P levels, moisture status and cowpea genotype variation
exerted significant (P≤0.05) effects on taproot diameter at 15 cm depth (Table 21).
Only moisture status variation exerted significant differences on taproot diameter at
20 cm depth. There were significant differences in taproot diameter at 10 cm depth
among the different cowpea genotypes. Cowpea genotypes Tvu 4632 and 6365 had
higher taproot diameter at 10 cm, while the lowest taproot diameter at 10 cm was
obtained by cowpea genotype Tvu 15445. On the other hand, genotype Tvu 4632
had thicker taproot at 15 cm while Tvu 15445 had the lowest. The taproot thickness
decreased with depth (Table 21).

4.7.2 Treatment interaction effect on lateral root branching density characteristics
Although, soil P level and cowpea genotype interaction had a significant (P≤0.05)
effect on branching densities at 5 and 10 cm depth, the homogeneous group format
cannot be used because of the pattern of significant differences.
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Table 20: Lateral root branching density characteristics of the different cowpea genotypes in response P rates, moisture status and
cowpea variety
Treatments

Branching Branching
Density at density at 10
5cm
cm

Branching
density at 15
cm

1.5 mm
1.5 mm 3rd order
Branching branching Branching
density at 5 density at density
cm
10 cm

Deep
Score

Shallow
Score

Number
of basal
roots

Nodule
Score

Soil P level (P)l
Low
14.0a
7.5a
2.3a
1.4a
0.6a
3.8a
5.5a
4.2a
7.7
3.2a
High
15.4a
7.6a
2.6a
2.4a
0.6a
4.6a
6.3a
2.2a
8.2
4.1a
Moisture status (M)
Stressed
14.6a
7.6a
1.9a
1.7a
0.6a
4.1a
5.8a
4.1a
8.0
3.2b
Well watered
14.8a
7.5a
2.1a
2.1a
0.6a
4.3a
6.0a
4.3a
7.9
4.1a
Cowpea genotypes (V)
Tvu 4632
15.5bc
7.9a
2.8a
1.9ab
0.8a
4.9ab
6.7a
4.6ab
8.2ab
3.0cd
Tvu 6365
18.9a
8.2a
2.8a
2.0ab
0.3b
4.7ab
6.5ab
5.1a
9.8a
4.8a
Tvu 9848
15.4bc
7.1ab
2.7a
1.9ab
0.4ab
4.0abc
5.2b
4.2ab
8.7ab
3.8abc
TVu15445
15.3bc
7.3ab
1.1a
1.9ab
0.8ab
3.8abc
5.2b
4.9a
7.7b
3.2cd
TVu16408
16.0ab
8.6a
3.4a
1.5b
0.3b
4.3abc
5.8ab
4.2ab
9.3ab
4.3abc
TVu15143
13.0bcd
8.5a
2.7a
1.4b
0.3b
5.2a
5.5ab
3.9ab
7.3bc
4.5ab
IT00K1217
10.1d
5.4b
1.2a
2.8a
1.1a
3.2c
6.2ab
3.5ab
5.3c
2.2d
Oloyin
12.4cd
7.3ab
2.2a
1.8ab
0.1a
3.6bc
6.1ab
3.2b
7.5b
3.4cd
Phosphorus (P)
0.46ns
0.91ns
0.59ns
0.12ns
0.56ns
0.20ns
0.13ns
0.91ns
0.62ns
0.09ns
Moisture (M)
0.79ns
0.85ns
0.08ns
0.25ns
0.52ns
0.33ns
0.52ns
0.51ns
0.81ns
0.015*
Variety (V)
0.000***
0.001**
0.11ns
0.024*
0.0001*** 0.000*** 0.009**
0.009** 0.000*** 0.000***
P x V interaction 0.021*
0.035*
0.80ns
0.09ns
0.37ns
0.18ns
0.73ns
0.63ns
0.09ns
0.14ns
WW=Well- Watered, WS=Water Stress, Means followed by the same letter in a column are not significantly different at P ≤ 0.05;
*,** and *** implies significantly different at 5%, 1% and 0.1%, respectively, while ns connotes non-significant.
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Diseases

5.03a
5.59a
5.68a
4.94a
5.6a
5.3a
5.6a
5.7a
4.9a
5.4a
5.6a
4.5a
ns
ns
ns
ns

Table 21: Taproot diameter characteristics (mm) in response P rates, moisture status
and cowpea variety
Treatments

Phosphorus rates
Low
High
Moisture status
Low
High
Cowpea varieties
Tvu 4632
Tvu 6365
Tvu 9848
Tvu15445
Tvu16408
Tvu15143
IT00K1217
Oloyin
Significance level
Phosphorus (P)
Moisture (M)
Variety (V)
PxM interaction
PxV interaction
MxV interaction

Taproot
Taproot
Taproot
Taproot
Diameter diameter (mm) diameter (mm) diameter (mm)
(mm) at 5 cm
at 10 cm
at 15 cm
at 20 cm
4.9a
5.5a

2.3a
2.8a

0.9b
1.3a

0.09a
0.15a

5.2a
5.2a

2.5a
2.6a

0.8a
1.4b

0.00b
0.23a

5.7a
5.5a
4.6a
5.0a
3.4a
4.5a
5.1a
5.7a

3.0a
3.0a
2.2ab
2.0b
2.7ab
2.3ab
2.5ab
2.9b

1.5a
1.3ab
0.9ab
0.7b
1.1ab
0.9ab
1.0ab
1.07ab

0.19a
0.32a
0.14a
0.04a
0.00a
0.00a
0.12a
0.12a

0.08ns
0.87ns
0.0163*
0.73ns
0.93ns
0.75ns

0.07ns
0.80ns
0.001**
0.92ns
0.76ns
0.23ns

0.047*
0.02*
0.04*
0.89ns
0.96ns
0.55ns

0.19ns
0.033*
0.16ns
0.51ns
0.40ns
0.16ns

Means followed by the same letter in a column are not significantly different at P≤ 0.05
*= significantly (P≤ 0.05), ** significant (P≤ 0.01), ns= non-significantly (P≤ 0.05)
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Results show that highly positive and significant correlation was obtained between
angle of basal roots and angle of adventitious roots, branching density at 10 cm,
shallow score, deep score and 3rd branching density (Table 22). Highly positive and
significant correlation was obtained between angle of basal roots and stem diameter,
branching density at 5 cm. strong positive and significant correlations was obtained on
angle of basal root and taproot diameter at 10 cm, basal roots, and nodule score. There
was no significant correlation between angle of angle of basal roots and cowpea grain
yield (Table 22). Furthermore, strongly positive and significant correlation was obtained
between stem diameter and taproot diameter at 5 cm, 10 cm, 15 cm, angle of
adventitious roots, basal roots, branching densities at 5 cm,10 cm, 15 cm and 1.5 mm
branching densities at 5 cm, 10 cm, shallow score, deep score, nodule score and
diseases (Table 22). Highly positive and significant correlation was obtained between
stem diameter and branching density at 15 cm and grain yields of cowpea.
Results show that highly positive and significant correlation was obtained between
taproot diameter at 5 cm and adventitious roots, basal roots, branching density at 5 cm,
10 cm, 15 cm and 1.5 branching densities at 5 and 10 cm, shallow score, deep scores
and diseases (Table 22).

Highly positive and significant correlation was obtained

between taproot diameter at 5 cm and grain yield of cowpea. Highly positive and
significant correlation was obtained between taproot diameter at 10 cm and basal roots,
branching densities at 5 cm, 10 cm, 15 cm, shallow scores, nodule scores, 3rd order
branching density (Table 22). Strongly positive and significant correlation was obtained
between taproot diameter at 10 cm and angle of adventitious and cowpea grain yield.
Strongly positive and significant correlation was obtained between taproot diameter at
10 cm and 1.5 branching density at 5 cm, 10 cm and shallow scores. Highly positive
and significant correlation was obtained between angle of adventitious roots and basal
roots, branching density at 5 cm, 3rd order branching density, deep scores and
diseases. Strongly positive and significant correlation was obtained between angle of
adventitious roots and taproot diameter at 10 cm and shallow scores. Highly positive
and significant correlation was obtained between angle of adventitious roots and
branching density at 10 cm.
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Highly positive and significant correlation was obtained between taproot diameter and
branching densities at 10 and 15 cm, deep and nodule score, 3 rd branching density and
taproot diameter at 20 cm (Table 22). Highly positive and significant correlation was
obtained between taproot diameter at 15 cm and basal roots. Strongly positive and
significant correlation was obtained between taproot diameter at 15 cm and branching
density at 5 cm, 1.5 mm branching density at 5 cm and 10 cm, disease and grain yield.
Highly positive and significant correlation was obtained between basal roots and
branching density at 5 cm, shallow scores, deep score, nodule score, diseases and 3 rd
branching density (Table 22). Highly positive and significant correlation was obtained
between basal roots and branching density at 10 cm, 1.5 mm branching density at 5 cm
and grain yield. Strong positive and significant correlation was obtained between basal
roots and branching density at 15 cm (Table 22).
Correlation of root characteristics and grain yield
Results show that highly positive and significant correlation was obtained between the
branching density at 5 cm and shallow score, deep score, nodule score, diseases and
3rd order branching density (Table 23). Strongly positive and significant correlation was
obtained between branching density at 5 cm and taproot diameter at 20 cm. There was
no significant correlation obtained branching density at 5 cm and grain yield. Highly
positive and significant correlation was obtained between branching density at 10 cm
and deep score, nodule score and 3rd order branching density. There was no significant
correlation between branching density at 10 cm and cowpea grain yield (Table 23).
Furthermore, highly positive and significant correlation was obtained between branching
density at 15 cm deep and nodule scores. Highly positive and significant correlation was
obtained between branching density at 15 cm and 3 rd order branching density. There
was no correlation between branching density at 15 cm and grain yield (Table 23).
Significant positive correlation was obtained between 1.5 mm branching density at 5 cm
and 1.5 mm branching density at 10 cm, shallow scores, deep scores, disease (Table
23). Highly significant positive correlation was obtained between on 1.5 mm branching
density at 5 cm and 3rd order branching density. There was no significant positive
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correlation obtained between 1.5 mm branching density at 5 cm and grain yield.
Strongly positive and significant correlation was obtained between the 1.5 mm
branching density at 10 cm and deep scores. There was no significant correlation
obtained between 1.5 mm branching density at 10 cm and cowpea grain yield (Table
23).
Highly significant positive correlation was between shallow scores and nodule scores,
disease and 3rd order branching density. Strongly positive and significant correlation
was obtained between shallow scores and deep scores and taproot diameter (mm) at
20 cm (Table 23). There was no significant correlation between shallow scores and
cowpea grain yield. Highly positive and significant correlation was obtained between
deep scores and nodules scores, nodule scores and disease. Highly positive and
significant correlation was obtained between deep scores and taproot diameter (mm) at
20 cm and cowpea grain yield (Table 23).
Correlation of root characteristics and cowpea grain yield
Highly positive and significant correlation was obtained between nodule scores and 3 rd
order branching density (Table 24). Highly positive and significant correlation was
obtained between nodules scores and disease. Strongly positive and significant
correlation was obtained between nodule scores and taproot diameter (mm) at 20 cm
and cowpea grain yield. Highly positive and significant correlation was obtained
between disease and 3rd order branching density. There was no significant correlation
between disease and cowpea grain yield. Strongly positive and significant correlation
was obtained between 3rd branching density and taproot diameter (mm) at 20 cm (Table
24). There was no significant obtained between 3rd order branching density and cowpea
grain yield. There was no significant correlation obtained taproot diameter (mm) at 20
cm and cowpea grain yield.
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Table 22: Pearson correlation of root characteristics (taproot diameters, angles and basal roots) and cowpea grain yield

Angle of base roots
Stem diameter (mm)
Taproot diameter at 5 cm
Taproot diameter at 10
cm
Angle of adventitious roots
Taproot diameter at 15 cm
Base roots
Branching density at 5 cm
Branching density at 10
cm
Branching density at 15
cm
1.5 mm branching density
at 5 cm
1.5 mm branching density
at 10 cm
Shallow score
Deep score
Nodule score
Diseases
3rd branching density
Taproot diameter at 20 cm
Grain yield

Angle of
basal
roots

Stem
diameter
(mm)

Taproot
diameter
(mm) at 5
cm

Taproot
diameter
(mm) at 10
cm

1.0000***
0.2329**
0.1164
0.1864*

Angle of
adventitious
roots

1.0000***
0.7607***
0.6241***

1.0000***
0.8232***

1.0000***

0.5004***
0.0636
0.18925*
0.2522**
0.3373***

0.4429***
0.4414***
0.4792***
0.4588***
0.3219***

0.3155***
0.5651***
0.3177***
0.3158***
0.4120***

0.2554**
0.7144***
0.3078***
0.2940***
0.3231***

1.0000***
0.1542*
0.2907***
0.3728***
0.2605**

1.0000***
0.2341**
0.2088*
0.3008***

1.0000***
0.8088***
0.2851**

0.1056

0.2310**

0.3699***

0.4176***

0.1120

0.5913***

0.1630*

-0.0960

0.4364***

0.2972***

0.1861*

0.1308

0.1883*

0.2494**

-0.1671*

0.3181***

0.4580***

0.2135*

0.0619

0.0737

-0.0645

0.2895***
0.3527***
0.1977*
0.1255
0.3108***
-0.0085
0.0690

0.3672***
0.6975***
0.4200***
0.4182***
0.4499***
0.1348
0.2454**

0.3476***
0.7781***
0.2967***
0.3712***
0.3646***
0.2160*
0.2472**

0.1829*
0.8307***
0.2808**
0.3124***
0.4166***
0.3283***
0.2469**

0.2189*
0.4230***
0.2098*
0.2904***
0.3164***
0.3414
0.1408

0.1924*
0.6298***
0.4214***
0.2195*
0.4158***
0.4220***
0.1788*

0.4484***
0.3813***
0.5580***
0.3355***
0.3912***
0.0862
0.2383**

*= significant (P≤0.05), **=highly significant (P≤0.01) and ***= highly highly significant (P≤0.001)
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Taproot
diameter
(mm) at 15
cm

Basal
roots

Table 23: Pearson correlation of root characteristics (branching densities, shallow roots and deep score) and cowpea
grain yield
Branchin
g density
at 5 cm

Branching
density at 10
cm

Branching
density at
15 cm

1.5 mm
Branching
density at
5 cm

1.5 mm
Branching
density at
10 cm

Branching density at 5 cm
Branching density at 10 cm
Branching density at 15 cm
1.5 branching density at 5 cm
1.5 branching density at 10 cm
Shallow score
Deep score
Nodule score

0.3358***
0.2057*
0.2999***
-0.06777
0.4934***
0.3801***
0.5395***

0.5217***
-0.0595
-0.0494
0.1535
0.3080***
0.3709***

Disease

0.3938***

3rd order branching density
Taproot diameter (mm) at 20
cm
Grain yield

0.0625
-0.0363
0.0438
0.3552***
0.3612***

0.3257***
0.3284***
0.3373***
0.2945***

0.1317
0.2822**
-0.0568

0.2060*

0.1234

0.3166***

0.1456

0.4500***

0.3956***

0.2753**

0.2842**

-0.0243

0.1816*

0.0366

0.0685

0.0953

0.0482

0.1952*
0.2900**
*
0.3311**
*
0.3313**
*
0.1940*

0.1562

0.1625

0.0752

0.0020

-0.0178

0.1183

*= significant (P≤0.05), **=highly significant (P≤0.01) and ***= highly highly significant (P≤0.001)

58

Shallow
score

Deep
score

0.3579***
0.4510***
0.4832***
0.2708**
0.2508**

Table 24: Pearson correlation of root characteristics (taproot diameters, angles and basal roots) and cowpea grain yield
Nodule
score
Nodule score
Disease score
3rd order branching density
Taproot diameter at 20 cm
Grain yield

0.2804**
0.6052***
0.1776*
0.2026*

Disease score

0.3475***
0.0698
0.1163

3RD order
branching density

0.2219*
0.1317

*= significant (P≤0.05), **=highly significant (P≤0.01) and ***= highly highly significant (P≤0.001)
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Taproot
diameter at 20
cm

0.1292

CHAPTER 5
DISCUSSION
5.1 Flowering and physiological maturity of cowpea
5.1.1 Effect genotype, P level and moisture stress on number of days to 50% flowering
and physiological maturity
Phosphorus is an important element to promote the earliness of flowering but in this
study phenological development was not affected by P. Lack of response to P may be
due to the adequate initial P in the soil or that drought stress reduced P availability and
uptake. Flowering and physiological maturity of the cowpea did not show any significant
response to moisture stress. Flowering and physiological maturity of cowpea did not
show any response to P application. Cowpea genotypes differed significantly in terms of
days to reach flowering and physiological maturity. Cowpea genotype Tvu 15445
reached flowering early as compared to the local cultivar IT00K1217. Flowering early is
significant trait that shows the crop can escape or avoid drought stress. Cowpea
genotype Tvu 15445 flowered early, it can be used to escape drought stress. Flowering
in a response to drought stress was found to be insignificant. The differences among
eight cowpea genotypes are probably due to genetic differences or climatic conditions.
The results from this study are in agreement with Khan et al. (2010) who reported that
cowpea genotypes that he studied showed variation in maturity and these variations in
maturity of different cowpea genotypes may be due to climatic conditions or genetic
make-up of the tested genotypes. Significant difference (P≤0.01) was observed on days
to physiological maturity between the eight cowpea genotypes. Cowpea genotype Tvu
15143 matured early as compared to the IT00K1217. Number of days to reach
physiological maturity relies on time required to reach flowering in the cowpea
genotypes. The treatments did not have effect on time to flowering. These results
contradict those reported by El-Shaikh et al. (2010) who reported that P promotes
earliness of flowering and yield in garden pea.
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5.1.2 Interaction of P level and genotype on physiological maturity of cowpea
The interaction effect between cowpea genotype and P level influenced period to
physiological maturity in cowpea. In this study high level of P shortened the time to
physiological maturity, while low soil P increased period to physiological maturity in
cowpea. Cowpea genotypes Tvu15445 and Tvu 15143 with high P reached
physiological maturity early as compared to low soil P. High P promotes earliness to
reach physiological maturity. Cowpea genotype Tvu 15143, under both high P, and low
soil P reached maturity early in this study. Low soil P increased physiological maturity in
Oloyin, Tvu 6365 and 9848 but genotype Tvu 15143 was not affected by insufficient P in
the soil. IT00K1217 reached physiological maturity late in both high and low soil P.
Cowpea genotypes differ significantly in their P uptake and usage on physiological
maturity. Cowpea genotype Oloyin showed no significant difference on phenological in
response to P application. These results generally agree with Marschner (2002) who
reported that P application reduced days to physiological maturity by controlling some
key enzyme reactions involved in hastening crop maturity.
5.2 Cowpea growth parameters
5.2.1 Effect of cowpea genotype, P level and moisture status on plant height
Soil P increased plant height. Moisture stress condition showed no significant difference
on plant height. The taller the plant of cowpea the likely advantage to produce higher
number of pods per plant and increase the seed number per plants. Thiyagarajan and
Rajasekaran (1993) found that plant height also affects seeds per pod. Cowpea
genotypes differed significantly in term of plant height (Table 3). Cowpea genotype Tvu
15445 obtained tallest plant height while Oloyin and Tvu 6365 obtained short plant
height during 4 and 6 WAP. Cowpea genotype Tvu 15445 obtained tallest height and
lowest was obtained by Oloyin during 8 and 10 WAP. Cowpea genotypes in this study
differed in terms growth habit. Growth habitat such as bush/erect type will increase
yield.
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5.2.2 Effect of cowpea genotype, P level and moisture status on number of branches
Number of branches per plant differed significantly between eight cowpea genotypes.
Cowpea genotype Tvu 16408 produced higher number of branches on 6 and 8 WAP
than Oloyin (Table 3). The increase in P level also increased number of branches at 6
WAP but not at 8 WAP. Number of branches per plant in response to moisture status at
different levels was found to be insignificant at 6 and 8 WAP (Table 3). Well-watered
condition increased number of branches at 6 WAP by 11 % while decreased by 8 % at 6
WAP. Moisture status condition decrased number of branches by 12 % at 8 WAP.
Application of P as single super phosphate increased number of branches, dry weight of
cowpea and soybean plants (Amba et al., 2013). The higher the number of branches of
a plant higher the chances to obtain higher grain yield. Results obtained by Ali et al.
(2009) showed that significant differences in number of branches per plant were as a
result of varietal differences in cowpea. The variation in number of branches was due to
the genetic makeup of the cowpea genotypes. Highly correlation (R2=0.1983) indicate
that number of branches contribute to higher grain yield in cowpea. These findings
agree with the study conducted by Kumari et al. (2010) who reported that number of
branches showed a positive and significant correlation with seed yield in cowpea.
Nakawuka and Adipala (1999) reported that number of branches, number of pods per
plant and seeds per pod were the major direct contributors to grain yield in cowpea.
There was no interaction effect between cowpea genotypes and phosphorus level and
moisture stress conditions.
5.2.3 Effect of P level and cowpea genotype on number of leaves
Soil P increased number of leaves and moisture status showed no significant difference
on number of leaves. The increase in P application increased cowpea number of leaves
while low soil P reduced number of leaves. Number of leaves were higher where P was
applied in the current study. Number of leaves per plant showed a significant (P≤0.05)
difference among cowpea genotypes. Cowpea genotype Tvu 15143 obtained maximum
number of leaves as compared to IT00K1217 at 6, 8, 10 and 12 WAP (Table 7).
Different cowpea genotypes varied in the number of leaves produced per plant. Large
variability was observed on number of leaves among eight cowpea genotypes. The
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findings are in line with those of Magashi et al. (2014) who reported that large variability
was observed for root length, number of roots, root diameter, number of pods per plant,
pod length, 100 seed weight, plant height, number of leaves, number of branches,
number of flowers, in descending order. The growth habit of different genotypes differed
from erect to creeping, with the creeping genotypes having higher number of leaves per
plant. Low soil P decreased plant biomass and reduced leaf sizes Kugblenu et al.
(2014). High P increased plant biomass and improved the quality of the crop.
Furthermore, it helps plant to increase N-fixing capacity of legumes, and promotes root
development and increased resistances to plant diseases. Decrease in leaf area and
number of leaves contributes to reduce plant growth and biomass. Strong positive and
significant correlation was between number of leaves on 6, 8, 10, 12 WAP and plant
biomass. The results agree with Azad et al. (2013) who found that number of leaves
was positively correlated with plant biomass. Strong positive and significant correlation
was between number of leaves on 6, 8, 10, 12 WAP and grain yield on cowpea. The
results contradict with Kawooya (2014) who reported that number of leaves was weakly
and negatively correlated to grain yield.
5.2.4 Interaction of moisture stress and cowpea genotypes on number of leaves
Interaction effect of moisture stress and cowpea genotypes reduced number of leaves
per plant while Tvu 15143, IT00K1217 benefitted from well-watered condition as
compared to moisture stress (Table 8). Cowpea genotype Tvu 15143 produced
maximum number of leaves in well-watered condition as compared to water stressed
condition while cowpea genotype Tvu 6365 produced maximum number of leaves under
water stress condition as compared to the well-watered condition. Increased in number
of leaves per plant will contribute toward biomass. Number of leaves per plant increased
with an increase in water content in the study. According to Mustapha et al. (2014),
water stress leads to reduction in the rate of leaf initiation and reduction in leaf area of
previously formed leaves. They further added that this will result in lower photosynthetic
activity in the affected leaves. The overall effect is a decrease in the rate of new leaf
initiation and increase in leaf shedding thereby resulting to reduction in number of green
leaves per plant. Drought stress is a very important limiting factor for both plant growth
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and establishment. Furthermore, both cell expansion and cell growth are suppressed by
low turgor pressure (Jaleel et al., 2009). It will reduce plant growth by affecting
photosynthesis, respiration and translocation. Reason for decrease in number of leaves
with increase in drought might be that drought inhibits growth in relation with changes in
cell size and division resulting in reduced leaf production and promoting senescence
and abscission (Karamanos, 1980). Drought stress causes a major limit to plant growth,
which will cause a serious reduction in number of leaves in cowpea. The findings
agreed with EI-Juhany and Aref (2005) who observed reduction in number of leaves in
Leucaena leucocephala under drought stress and Aderolu (2000) in cowpea.

5.2.5 Effect of P level and cowpea genotype on plant height
Increased P application resulted in increased plant height while the low soil P reduced
plant height (Table 4). Cowpea genotype Tvu 15445 obtained taller plants under high P
as compared to low soil P. Cowpea genotype IT00K1217 obtained short plant height
under low soil P (Table 4). The increased in plant height was promoted by high P
application while the decrease in plant height may be to lack of P in the soil. Plant
height may contribute toward yield in the cowpea. These results are similar to the
findings of Singh et al. (2009) who recorded 25 and 35 cm at 8 and 12 WAP as P rates
increased from 9 to 45 kg ha-1. Nkaa et al. (2014) found that P enhances branch length
and width of leaves and increased plant height. Similarly, Sairam et al. (1984) reported
that increasing P applications in the soil increased cowpea plant height. Low soil P is a
major limiting nutrient for plant growth and productivity, including plant height. The
results of Ayub et al. (2002) in maize reported that P application significantly increased
dry matter and various plant characteristics like plant height, number of leaves and leaf
area. Nkaa et al. (2014) observed that P application increased plant parameters such
number of leaves, dry weight and nodule number of cowpea plants. The crop performed
better under high P condition as compared to low soil P condition. The results from the
current study suggest that the effect of soil P condition on cowpea plant height and the
mean number of days to 50% physiological maturity is genotype specific. However, it
must be noted that measurement of plant height is tricky when cowpea genotype exhibit
erect and prostrate growth habits.
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5.3 Photosynthetic parameters of cowpea
5.3.1 Effect of P level and moisture stress on photosynthetic parameters of cowpea
Phosphorus rates did not show any significant influence on photosynthetic rate. The
results from this study showed that moisture stress reduced photosynthetic rate, water
conductance, transpiration rate, sample cell CO2, relative humidity in the cell, sample
cell H20 and vapour pressure deficit based on leaf temperature in cowpea leaves.
Drought stress affects stomata closure limiting photosynthetic rate and transpiration rate
(Table 9). Water stress decreased photosynthetic rate by 47 %, decrease water
conductance by 58 %, decreased transpirate rate by 50 %, increased sample CO2 by 6
%, decreased relative haumidity in the cell by 40 % and increased vapour pressure
deficit by 20 %. Closing of stomata in the leaves decrease intercellular CO2
concentration which cause shortage of CO2 assimilation and it will results in imbalances
between photochemical activity and photosynthesis Ohashi (2006). The results agree
with Ohashi (2006) who reported that photosynthetic rate, transpiration rate and
intercellular CO2 concentration are reduced by water stress. Yan et al. (2011) and
Mafakheri et al. (2010) reported that stomatal conductance and transpiration rate
decreased with increase in water stress. For crops to respond to drought stress rapidly
they must close their stomata to avoid loss of water through transpiration. Drought
stress is a limiting factor to plant growth and development, and also decreases
transpiration, water potential in the leaf and photosynthetic rate as a result of stomatal
closure which will cause a reduction in cowpea leave photosynthesis. The findings of
this study are in agreement with earlier findings reported by Soldatini et al. (1990) for
maize. According to Sarker and Hara (2011), transpiration rate, stomatal conductance
and photosynthetic rate are directly related to moisture stress. Under moisture stress
conditions, transpiration rate is reduced on the leaf and under well watered condition
transpiration rate increases due to the higher water content. Sarker and Hara (2011)
who also added that transpiration rate and stomatal conductance of plant leaves
responded well to water deficits. Under drought stress conditions, stomata close to
conserve water in the leaves (Zhang and Outlaw, 2001). This closes the pathway for
water, carbon dioxide and oxygen exchange, which will result in a decrease in
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photosynthetic rate (Karkanis et al., 2011). The effects of moisture stress vary among
cowpea genotypes.
5.3.2 Effect of Cowpea genotype, P level and moisture status on photosynthetic
parameters
Cowpea genotypes had a highly significant effect on photosynthetic rate, conductance
of water, transpiration rate, sample cell CO2, vapour pressure deficit based on leaf
temp, sample cell H20 and RH in the cell (Table 9). Phosphorus level showed no
significant difference on photosynthetic parameters. Photosynthetic rate was high by
53% in cowpea genotype Oloyin (7.33) while reduced by 35 % in Tvu 9848. Water
conductance was high by 59 %, tranpiration rate was high by 40 %, sample cell H2O
was high by 30 % and RH in the cell was high by 29.6 % in Oloyin while Tvu 9848 had
the lowest water conductance by 37 %, transpiration rate had the lowest by 29 %,
sample H2O had the lowest by 23 % and RH in the cell had the lowest by 23%.
Intercellular CO2 was high by 8 %, sample cell CO2 was high by 3.7 % and vapour
pressure deficit was high by 12% in Tvu 9848 while Oloyin obtained the lowest
intercellular CO2 by 7 %, sample cell CO2 by 23 % and vapour pressure deficits was low
by 11% (Table 9). The function of stomata is to control of movement of water, carbon
dioxide and oxygen into or out of the plant leaves. The genotypes responded differently
towards the parameters that were measured in the study. Drought stress caused
reduction in photosynthetic rate of cowpea genotypes Tvu 9848, water conductance,
transpiration rate, sample cell H2O and RH in the cell reduced in the leaves because of
limited amount of water the crop it absorbed. Drought stress caused reduction in sample
CO2 and vapour pressure deficit in Oloyin. According to Tanaka et al. (2013), CO2
fixation determines photosynthetic rate and CO2 entry into the plant through the
stomata. High vapour pressure deficit decreases stomatal holes/pores to restrict water
losses. Cowpea genotypes which were least affected by soil moisture status are Oloyin
and Tvu 9848.
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5.3.3 Interaction of moisture status and cowpea genotype on intercellular CO 2
concentration in cowpea leaves
Interaction of moisture stress and cowpea genotype had a significant effect on
intercellular CO2 concentration (Table 10). Under water stress, cowpea genotype Tvu
9848 maintained high rate of intercellular CO2 concentration in cowpea leaves while it
was low in well-watered condition. Intercellular CO2 concentration was reduced under
water stress on cowpea genotypes Tvu 6365, Tvu 4632 and Oloyin as compared to
well-watered condition (Table 10). The stomatal closure is caused by limitation of water
which causes depletion of carbon dioxide in the intercellular spaces. Medrano et al.
(2002), as cited by Fenta (2012), reported that decrease intercellular CO 2 concentration
will result in reduction of CO2 will results in O2 assimilation by rubisco and enhancing
photorespiration. Cowpea genotype Tvu 9848 maintained high rate of intercellular CO 2
concentration under water stress conditions as compared to other cowpea genotypes in
well-watered conditions. Cowpea genotype Oloyin obtained the higher photosynthetic
rate while the lowest was obtained from Tvu 9848. Cayon et al. (1997) who noted water
stress causes a reduction in photosynthesis and intercellular CO2 concentration in
cassava leave. The intercellular CO2 concentration is an important aspect that can
affect the processes of photosynthesis. Under water stress condition intercellular CO 2
concentration decrease because low amount of CO2 concentration is supplied for
photosynthesis (Farquhar and Sharkey, 1982). Several authors revealed that
intercellular CO2 concentration decreased when crops were exposed to drought stress
conditions. These results suggest that Tvu 9848 delays closing its stomata under
drought stress to maintain turgor in the guard cells. The results obtained in the study
suggests there is a narrow range in intercellular CO2 in the genotypes tested.
5.4 Yield and yield component of cowpea genotypes
5.4.1 Effect of moisture status and cowpea genotype on yield attributes and grain yield
Numbers of pods per plant, number of seeds per pod and grain weight determine the
cowpea grain yield. Number seeds per pod, pod length and number of pods per plant
have a major contribution toward cowpea yield and grain weight. Cowpea genotypes
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differed significantly in terms of grain weight, pod length, number of seeds per pod and
number pods per plant (Table 11). Number of pods per plant, 100 seed weight, pod
length and number of seeds per pod were highly significantly different (P≤0.01) among
cowpea genotypes. Long pod length indicate more number of seeds per pod which will
contribute toward grain yield in cowpea. There was significant effect of cowpea
genotypes on the number pods per plant. Oloyin obtained highest number of pods per
plant, followed by Tvu 16408 while Tvu 9848 obtained lowest number of pods per plant
(Table 11). Cowpea genotype Tvu 16408 obtained highest grain yield, followed by Tvu
9848 and the lowest grain yield was obtained by IT00K1217. A strong positive
correlation between number of seeds per pod and number of pods per plant indicates
that cowpea plant will produce more seeds and pods for grain yield. Although pod
length did not contribute much towards cowpea grain yield (R2=0.256) it may be due to
genetic differences among genotypes tested. The results agree with Castro et al. (2006)
who reported that this may be caused by factors affecting seed mass including genetic
factors. A positive and significant correlation was obtained between number of pods per
plant and number of seeds per pod. The results agree with Karasu and and Oz (2010)
who found that positive correlation between number of pods per plant and number of
seeds per pod. Significant correlation was obtained between number of pods per plant
and grain yield. Chiulele et al. (2011) found that there was strong and positive
correlation between yield and number of pod per plant (R2=0.079) in a cowpea. A
significant and negative correlation was obtained between pod length and number of
pod per plant (R2=0.032). The results agree with Kawooya (2014) who found that
number of pods per plant was weakly and negatively correlated to pod length in
cowpea. A strong significant and positive correlation was found between pod length
and number of seeds per pod. This implies that pod length contribute toward number of
seeds per pod. A significant and negative correlation was obtained between 100 seed
weight and grain yield (R2=0.036). A significant and negative correlation was also
obtained between number of seeds per pod and 100 seed weight. This results are
logical but the contradict with Kawooya (2014) who reported that number of seeds per
pod was weakly and positively correlated to 100-seed weight.
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Number of pod per plant was significantly different between eight cowpea genotypes.
Cowpea genotype Oloyin produced maximum number of pods per plant while Tvu 9848
produced lowest number of pods per plant. Moisture stress showed no significant
difference on number of pods per plant. These results agree with Addo-Quaye et al.
(2011) who did not find significant difference on number of pods per plant under water
regimes. The results contradict with the finding of Ndunguru et al. (1995) who reported
moisture stress reduced number of pods per plant in groundnut. Genetic variation exists
among different cowpea genotypes. Jana et al. (1983) reported that number of pods per
plant affected pod fresh yield per plant. Number of pods per plant is controlled by
genetic make-up. Fery (1985) confirmed in his work that dissimilarity in number of pods
per plant among different varieties was due to genetic factors, and that was likely to be
heritability of 53.1 percent accounted for the observed differences in the cowpea
varieties he used.
5.4.2 Phosphorus level effect on yield attributes and grain yield
Low soil P reduced yield attributes. Number of pods per plant, number of seeds per pod
and grain yield did not show any significant response to P application on different
cowpea genotypes. Phosphorus fertilisers had a significant (P≤0.01) influence on pod
length (Tables 11). Phosphorus stimulates root and plant growth development in crop
production including cowpea. Phosphorus level did not influence number of pods per
plant. The results contradict with the findings of Nkaa et al. (2014) which showed that
increased P fertilizer application increased number of pods of cowpea plants . Yield
attributes per plant did not show any response to P application. Phosphorus rates did
not differ significantly. Despite the importance of P in crops, some parameters did not
respond to it. Similar results were reported by Magani and Kuchinda (2009) who
reported that there was no significant difference between 35.5 kg ha-1 and 70 kg ha-1 of
P. The result agrees with Atakora et al. (2014) who reported that P application did not
significantly increase cowpea yield. The significant differences in growth and yield
attributes observed among various cowpea genotypes may be due to their differences
in growth habitat.

69

The problem of low soil P causes a major crop yield losses and productivity. Low soil P
gives lowest plant height; reduce leaf area while the high P gave tall plants. Phosphorus
insufficiency in the soil leads to retarded plant growth and low productivity.
5.4.3 Effect of cowpea genotype, P level and moisture status on pod length and number
of seeds pod
Phosphorus level greatly increased some of the yield attributes such as the pod length
of the cowpea genotypes (Table 11). High P increased pod length by 2.28 % while low
soil P decreased pod length by 2.7 %. Pod length and HSW were significant different
between eight cowpea genotypes. Cowpea genotype Tvu 9848 increased pod length by
31.6 % while Oloyin decreased pod length by 24%. Oloyin and IT00K1217 increased
HSW by 57 % while HSW of Tvu 15143 decreased by 36 %. Cowpea genotype Tvu
9848 produced longer pods in contrast to Oloyin (Table 11). Moisture stress did not
have an influence on pod length and HSW. The results agree with the study conducted
by Nkaa et al. (2014) who found that P increased pod length and number of pods per
plants. Fery (1985) showed that pod length was highly heritable with average heritability
estimate of 75.2 percent. Addo-Quaye et al. (2011) reported in their study and other
studies that pod length could be under strong genetic control. Higher number of seeds
per pod was found in Tvu 15143,15445 and 9848 and compared to other cowpea
genotypes, while lowest number of seeds per pod was found in IT00K 1217 and Oloyin
(Table 9). Addo-Quaye et al. (2011) also reported that one genetic factor conditioned
seed number per pod in a crop. Cowpea genotype Oloyin recorded higher number of
pods per plant (24) than variety Tvu 9848 (18). There was no significant effect of
interaction of variety and P level on pod per plant and number of seed per pod. The
findings agree with those of Singh et al. (2011) who reported no significant interaction
between variety and P on pod per plant and number of seed per pod.

5.4.4 Effect of cowpea genotype, P level and moisture status on 100 seed weight
Yield parameters such as 100 seed weight, number of pods per plant and number of
seeds per pod are the most important components that contribute towards cowpea yield
(Table 11). Phosphorus level did not show any significant difference on HSW of cowpea
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genotype. Cowpea genotypes (Oloyin and IT00K1217) produced maximum weight then
genotype Tvu 15143 (Table 11). Moisture stress did not show any significant different
on HSW. Cowpea genotypes in the current study showed variation in 100 seed weight.
The results are supported by khan et al. (2010) who found that highly significant
variation for 100 seed weight occurred in cowpea tested genotypes they tested. The
variation among cowpea genotypes may due to genetic variability and climatic
conditions. The results obtained by Khan et al. (2010) suggested that the differences in
seed weight might be due to the time factor for the accumulation of assimilates in the
seed and the differences in the genetic make-up of different genotypes.
5.4.5 Effect of moisture stress on yield and yield parameters.
Drought stress causes a decrease in number seeds per pod, pod length and number of
pods per plant. The results from the study showed that number of seeds per pod, pod
length and number of pods per plant did not show response to moisture stress
condtition (Table 11). Abayomi and Abidoye (2009) showed that there was no significant
effect of moisture stress on branching. Moisture status exerted a significant influence on
grain yield and dry pod weight. In the present study, moisture stress reduced dry pod
weight and grain yield relative to well-watered treatment. This result agrees with
Abayomi and Aderoru (2000) who reported that drought stress condition significantly
reduced grain yield and growth at any stage in cowpea. Pod length, number of seeds
per pod, number of pods per plant, biomass did not show any significant effect to
moisture stress. Grain yield had a significant response to moisture stress condition.
5.4.6 Interaction of moisture status and genotype on 100 seed weight
Under water stress conditions, cowpea genotype Oloyin produced increased seed
weight. Cowpea genotypes (Tvu 15143 and 16408) reduced seed weight under
deficient soil moisture (Table 12). The results agree with Addo-Quaye et al. (2011) who
reported that seed weight was significant reduced when cowpea plants were under
water stress. But the results showed that water stress had a little effect on cowpea
vegetative development. Similarly, several researchers reported that water stress had
no or little effect on vegetative attributes of cowpea (Turk and Hall, 1980; Suliman,
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2000). In the current study, the seed yield of cowpea was significantly reduced under
water stress treatments. Kamara (1976) reported that drought stress significantly
reduced seed weight of cowpea plants. Drought stress is the main factor to decrease
seed weight and decreasing the length of the seed filling stage in sunflower (Cantagallo
et al., 1997). Higher seed weight recorded under stress conditions by Oloyin, suggest
that it maintains better water status within the water deficit period by extracting deep soil
moisture or reduce transpiration. Despite the fact that water stress was a major factor
causing reduction in plant height and yield, Oloyin managed to tolerate drought stress.
The results suggests that Oloyin tolerated the drought or may have avoided the drought
as reported by Mitra (2001) that drought avoidance is the ability of plants to maintain
relatively high tissue water potential despite a shortage of soil-moisture. Although
cowpea is referred to as a drought resistant crop, limited irrigation or rainfall is a
frequent cause of yield reduction (Watanabe et al., 1997).
5.4.7 Effect of moisture stress on cowpea fresh and dry immature pods
Phosphorus level and moisture stress condition did not show any significant respond on
fresh immature pods and dry matter percentage. While dry immature pods show
significant differences under moisture stress (Table 11). Dry matter percentage showed
a significant response among eight cowpea genotypes. Application of water regime to
the cowpea varieties had an effect on immature green pods. Drought stress caused
reduction on fresh weight of immature pods and dry weight of immature pods in all the
cowpea genotypes tested. Cowpea is very sensitive to drought stress during pod filling.
Decrease in number of pods per plant may also contribute toward low yield in crop
production. Turk et al. (1980) indicated that drought stress during flowering and podfiling stages had a major effect on grain production. Abayomi and Abidoye (2009)
showed that drought stress significantly reduced pod weight which resulted in significant
decrease in yield components.
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5.4.8 Effect of cowpea genotype, P level and moisture stress on grain yield
Phosphorus is the most important element for cowpea grain yield because it promotes
growth and initiate nodule development. Drought stress cause a serious drop in crop
grain yield and reduces the quality of the crop. P level did not show any significant
difference on different cowpea genotypes. Lack of P to respond to plant maybe was due
to the fixation in the soil by calcium or magnesium (Table 1). Cowpea grain yield was
significantly not affected by P application. Cowpea genotype showed significant
difference in grain yield. Cowpea genotype Tvu 16408 obtained maximum grain yield as
compared to IT00K1217. The results contradict with Singh et al. (2011) who reported
that cowpea variety had no significant difference on the grain yield. The results agreed
with Nkaa et al. (2014) who found significant effect between three cowpea varieties
tested. There was no significant difference between cowpea genotype and P level,
moisture stress and cowpea genotype and P level and moisture stress and cowpea
genotype interactions. The results contradict with study by (Magani and Kuchinda,
2009), who found significant interaction between cowpea varieties and P level on
cowpea grain yield in two years. But results agrees with study from Atakora et al. (2014)
who reported that P application did not significantly increased cowpea grain yield.
Moisture regimes respond toward grain yield. Cowpea grain yield benefited from water
stress condition than well-watered condition. These results disagreed with study by
Abayomi (2008) who found that moisture stress reduce yield component and yield in
soybean. Soriano et al. (1994) concluded that the seed yield of sunflower was sensitive
to water stress after anthesis. He also added that there is need of irrigation
management under limited water supply, especially during the reproductive period.
Cowpea seed yield decreased during water stress and increased during the
supplementation of water.

Drought stress reduced flower formation and decreased

number of pod per plant. Cowpea is most sensitive to drought stress during pod-filling
and flowering which later they will contribute towards seed yield. Cowpea genotype
Tvu16408 had higher grain yield (3240 kg ha-1), while the lowest grain yield was
obtained IT00K1217 (1256 kg ha-1). Grain yield showed a significant response toward
moisture stress condition. The results agree with Abayomi and Abidoye (2009) who
reported that drought stress decrease grain yield in cowpea and but contradict with
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study conducted by Nahar and Ullah (2011) who found that high yielding under water
stress relative to well-watered condition in tomato. A highly significant correlation was
observed between cowpea nodulation and grain yield (R2=0.0326). The results agree
with Sarkodie-Addo (1991) who observed positive correlation between grain yield and N
fixation in several legumes, including cowpea.
5.4.9 Effect of cowpea genotype, P level and moisture stress on biomass production
Increase in the level of P applied also increased biomass. The increased in number of
leaves and plant height in cowpea genotypes contributed toward increase in total
biomass. Biomass showed a significant difference across different cowpea genotypes.
Cowpea genotype Tvu 4632 obtained maximum plant biomass as compared to
IT00K1217 (Table 11). Drought stress did not have influence on biomass. The results
contradict with Hayatu and Mukhtar (2010) who reported that drought stress significantly
reduce plant above ground biomass in cowpea genotypes. The mean total biomass at
40 mg kg-1soil P was significantly higher than at 8 mg kg-1in the soil. High soil P (35 mg
kg-1) soil increased by 19% while the lower soil P decreased by 24% of P. Okeleye and
Okelana (1997) found significantly increased grain yield and total dry matter for cowpea
genotypes in response to P application. Adequate amount of P promotes plant biomass,
plant height and leaf area. Furthermore, high amount of P increased plant biomass
which can be used in livestock feeding as silage and fodder and can also be used in
cropping systems to improve soil fertility. A highly positive significant correlation was
obtained between nodulation and biomass (R2=0.1572). The results agree with Zhao et
al. (1997) who reported a significant positive correlation between nodulation and
cowpea biomass. There was no interaction effect between cowpea genotype and P
rates. There was no interaction effect between cowpea genotype and moisture status
level. There was no interaction effect between P rate, moisture status level and cowpea
genotype.
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5.5 Nutrient content of cowpea grain
5.5.1 Effect of Phosphorous (P) level on cowpea grain
Total P content and uptake increased with P application. Total P content and uptake
showed a significant difference across cowpea genotypes. Cowpea genotype
IT00K1217 obtained maximum total P content then Tvu 16408 while Tvu 16408
obtained maximum P uptake than IT00K1217 (Table 15). Total P content in cowpea
grain increased with P application in the soil. The P uptake at 40 kg ha-1 P was higher
than P uptake for 8 mg kg-1P. Total N did not show a significant response to P rate
increase. The results on total N contradicts with the results by Ankomah et al. (1995)
and Asuming-Brempong et al. (2013) who reported increase in N content with
increasing P rates. The P uptake increased with increase in P application. The findings
agree with Asuming-Brempong et al. (2013) who reported that P uptake generally
increased with increase in P application among treatment. Total P during high P (40 mg
kg-1) was higher than P uptake in low soil P (8 mg kg-1).

Phosphorus application

stimulated the content of others nutrients in the leaves (Muleba and Ezumah, 1985),
seed and green pods. Furthermore, P is also having multiples effects on nutrition. P
rates affected the amount of P and P uptake in the cowpea grain. Thus adequacy of P
promotes grain quality in cowpea.
5.5.2 Effect of moisture status on cowpea grain
Drought stress can tamper nutrient uptake in crops. The P uptake increased under wellwatered conditions relative to low soil moisture conditions. P uptake under well-watered
condition increased by 35% on Tvu15445 while Oloyin decreased by 55% under wellwatered condition (Table 15). Drought stress has adverse effect on P uptake. The
results are line with Samar Raza et al. (2013) who reported that P uptake decreased
with decreasing soil moisture in wheat genotypes. Drought stress is a major constraint
to both growth and yield in crop production. When there is lack of soil water, the rate of
photosynthesis, respiration, ion uptake, carbohydrates, and nutrient metabolism
decrease and plant growth is also affected (Jaleel et al., 2009).
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5.5.3 Effect of cowpea variety, P level and moisture stress on grain
Cowpea genotypes differed in nutrient content of grain. Total P content, P uptake, Total
N content and N uptake showed significance difference among cowpea genotype (Table
15). Total P and N content increased in cowpea genotype IT00K1217 (35 P kg-1) while
in cowpea genotype Tvu 16408 total P and N content decreased with P application (8
mg kg-1). P uptake increased in cowpea genotype Tvu 16408 while it decreased on
cowpea genotype Tvu 4632. N uptake increased in Tvu16408 and it was decreased in
IT00K1217. Differences that occur in different genotypes during nutrient uptake are
important determinants of nutrient use efficiency (Oladiran, 2012). The difference in N
uptake may be caused by the ability of cowpea genotypes to nodulate and fix more N
thereby making it more obtainable for absorption (Mbagwu and Osuigwe, 1985).
Differences in root system and root proliferation cause different cowpea genotype to
absorb nutrient elements differently. There was no interaction effect between P rate
and cowpea genotype. There was no interaction effect between moisture status and
cowpea genotype. There was no interaction effect on P rate, moisture status level and
cowpea genotype.

5.5.4 Interaction of P level and cowpea genotypes on phosphorus
Phosphorus uptake showed a significant (P≤0.01) effect on P level and cowpea
genotype. The homogeneous group format cannot be used because of the pattern of
significant differences (Table 15).
5.6 Nutrient content of cowpea pods
5.6.1 Effect of phosphorus rates of cowpea immature pods
Low soil P condition increased P uptake in cowpea immature green pods. The results
showed that high P rate increased total P content and N uptake in cowpea immature
pods and low soil reduced P content and N uptake (Table 17). Similar results were
reported by Oladiran (2012) that application of P fertilisers significantly increased N
uptake. This maybe due to increase in P application increased N uptake in this study.
Phosphorus fertiliser application might have contributed to the higher values of available
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P in the soil because of immobility of P in the soil. The difference in P uptake varies
among various P rates. Paul and Giller (2002) observed varietal differences in the ability
of legumes to extract soil P. Different cowpea genotypes differently toward P
applications. Phosphorus rates affect both P and N uptake on cowpea pods. In
soybean, Cauş et al. (2012) reported that a combination of stress factors, such as water
stress and P deficiency, decreased P uptake more than N uptake in soybean.

5.6.2 Effect of moisture status of cowpea immature pods
Water-stress increased N uptake in cowpea immature pods while well-watered
conditions increased the total P content in the cowpea immature pods (Table 18).
Drought stress did not have an effect on P uptake. The results agree with Samar Raza
et al. (2013) who observed no effect of water stress on P uptake. N uptake increased
with drought stress. When soil moisture increased it increased the total P. Drought
stress tampers some of nutrients during uptake. Bationo and Kumar (2002), response of
cowpea genotypes to P levels is affected by environmental factors including drought
stress. Water stress reduced P absorption and use of P in the pods. During drought
stress, N and K uptake was limited in cotton (McWilliams, 2003). Moisture stress limits
availability, uptake and metabolism of nutrients. Transpiration rate and nutrient
absorption were reduced by water stress. Also drought stress reduces the efficiency
with which nutrients are being absorbed by the roots.
5.6.3 Cowpea variety
There are significant differences between cowpea genotypes in absorption and use of
P. During P deficiency, legumes vary greatly in their ability to take and use P. Total N, N
uptake, total P and P uptake differed across the eight (8) cowpea genotypes (Table 17).
Variation between total P content, P uptake, total N and N-uptake was observed in
cowpea genotypes. The increase in P level increased total N content and N-uptake of
cowpea genotypes Tvu 9848 and Tvu 15143. Low P level increased P uptake of
cowpea genotype Tvu15445 and high P rate increased total P content of cowpea pods.
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5.6.4 Interaction of phosphorus and cowpea genotypes on cowpea grain N content
Cowpea genotype Tvu 9848 obtained maximum total N under high P condition than in
low soil P while the lowest total N was obtained by Tvu 15445 under low soil P then in
high soil P (Table 19). Total N content increased with increase in P level and low soil P
reduced total N content. This result agreed with the findings of Ankomah et al. (1995)
and Asuming-Brempong et al. (2013) who reported an increase in N content with the
increase in P levels in cowpea. Under low soil P, cowpea genotype Oloyin increased
total N while in high soil P it reduced total N content. Phosphorus significantly increases
total N in cowpea pods. Physiological characteristics are vital for P uptake and are
affected by low soil P.

5.6.5 Interaction of moisture status and cowpea genotypes on immature green pods
The interaction between cowpea genotype and moisture status exerted a significant
effect on N and P uptake of immature green pods but not on total N and P content
(Table 18). Cowpea genotype Tvu 15445 obtained maximum P and N uptake in wellwatered condition then in water stress condition while the lowest P and N uptake was
obtained by Oloyin in well-watered condition then water-stress condition (Table 18).
Under water stressed condition Oloyin managed to maintain maximum P and N uptake.
Moisture status and cowpea genotype interaction reduced both P and N uptake in
cowpea immature pods. Phosphorus and N uptake increased with an increased in soil
moisture condition. These results contradict with the study a conducted by Samar Raza
et al. (2013) who reported that higher P uptake in wheat plants was recorded under
water stress. During well-watered conditions both P and N uptake benefited from water
condition as compared to the water stress. Water stress limits P and N uptake on pods.
Phosphorus absorptions and P concentration were limited by drought stress in soybean
(Gutierrez-Boem and Thomas, 1999).
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5.7 Root architecture
5.7.1 Effect of P level on root characterstics
Nodule score per plant did not show significance different to P level (Table 20). Nodule
are important because they fixing atmospheric N. P level did not show any significance
differences on root characterstics of different cowpea genotypes (Table 20).
Phosphorus level did not have an influence on nodule score. The result contradict with
Nkaa et al. (2014) and Oladira, (2012) who found that P fertilizer application enhanced
number of nodules and weight of cowpea cultivar. The results agree with Singleton et al.
(1985) who reported that P level does not show any significance difference on nodules.
Phosphorus is important for root development but despite its importance in the soil, it
did not show any influence on cowpea root traits. The applied P fertilizer was fixed and
became unavailable to the crops. The amount of P level in the soil decrease with depth
since P is immobile in the topsoil. The selection of crops with high P efficiency will
increase the utilization of soil P. Cowpea genotypes varied significantly in their
adaptation to P availability because many cowpea genotypes differed in uptake of P. P
acquisition by crops depends on the soil, plant properties, crop and fertiliser
management and environmental conditions. The use of genotypes with improved root
traits that are able to unlock and absorb P from soil P resources may be important for
increasing the efficiency or utilization of applied P fertilisers (Abelson, 1999). Tap root
diameter at 15 cm increased with P while low soil P reduced tap root diameter at 15 cm.
5.7.2 Effect of moisture status on nodulation
Water stress condition reduced number of nodules per plant in the study it shows that
nodules are sensitive toward drought stress condition (Table 20). Water stress condition
decreased nodulation by 22 % while well-watered condition increased nodulation by 28
%. Cowpea genotype under well-watered condition produced maximum number of
nodules than water stress condition. This shows that water play important role in
nodulation and under limiting water condition it will results in decrease in root nodule.
Nodules and tap root diameter increased with soil moisture condition while low soil
moisture reduced nodule and tap diameter at 20 cm. Cowpea is a hardy crop, but still
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suffer considerable damage from abiotic and biotic conditions. Abiotic stress such as
drought stress and low P availability affect nodule development and activity. The results
reported by many authors showed that N fixation is highly sensitive towards toward
drought stress in many countries. The finding by Scholz et al. (2002) reported under
water limiting condition plant roots grow long than those in rain-fed. The results
contradict with the annual report of the Science Daily (2008) reported that plants
growing under drought stress condition grow taller in effort to ascent for nutrients
around the growth environment. Drought tolerance in common bean has been
associated with increased rooting depth (Sponchiado et al., 1989).

5.7.3 Effect of P level, moisture stress and cowpea genotype on number of basal roots
of different cowpea genotypes
Number of basal roots per plant in response to P applications and moisture stress
conditions showed insignificant differences. Number of basal roots per plant showed
significant differences among eight cowpea genotypes. Cowpea genotype Tvu 6365
showed to be more efficient in P acquisition while local check IT00K1217 showed to be
less efficient in P acquisition (Table 20). Cowpea genotype Tvu 6365 produced higher
number of basal roots which are responsible for acquisition of P in the soil while cowpea
genotype IT00K 1217 had the lowest number of basal roots. The growth of the basal
roots determines whether plant roots move or fall down rapidly to the subsoil or stay in
the top soil (Lynch and Brown, 2001). Basal roots are a different class of roots arising
near the basal end of the hypocotyl (Zobel, 1996), which form the structural frame upon
which the majority of the bean root system develops (Liao et al., 2004). According to Ge
et al. (2000), geometric simulation modelling suggested that genotypes with shallow
basal roots are more effective in P acquisition than genotypes with deeper roots,
especially in stratified soils with heterogeneous P distribution. Highly positive and
significant correlation was obtained between basal roots and branching density at 5 cm,
shallow scores, deep score, nodule score, diseases and 3 rd branching density. Highly
positive and significant correlation (R2=0.654) was obtained between number of basal
roots and branching density at 10 cm, 1.5 branching density at 5 cm (R2=0.062) and
grain yield (R2=0.053). The study conducted by Vieira et al. (2008) found a significant
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correlation between seed weight and number of whorl or number of basal roots in the
common bean. Higher number of basal roots are desirable for a greater soil foraging.
Highly positive and significant correlation was obtained between basal roots and
branching density at 15 cm. Miller et al. (2003) reported that under low soil P
adventitious roots were less affected as to compared basal roots in bean genotypes.
5.7.4 Effect of cowpea genotype, moisture stress and P level on nodule score
Nodules score per plant showed significant differences between eight cowpea
genotypes. Cowpea genotype Tvu 6365 produced high number of nodules per plant as
compared to the IT00K1217 (Table 20). The cowpea genotypes evaluated in the study
showed variation in nodulation. Nodule score per plant in response to moisture (wellwatered and water stress) was significant. Nodule score per plant did not show any
significant response on P application. These results contradict with those of Nkaa et al.
(2014) that P application significantly enhanced number and weight of nodules in
cowpea. Cowpea genotype which received adequate amount of water in this study
showed to have more number of nodules of plant. There was no interaction between
cowpea variety x P level, moisture stress x cowpea genotype and P level x moisture
stress x cowpea genotypes. The results agree with the study of Girma et al. (2014) who
found that number of nodules was significantly affected by cowpea variety and also
contradict the results that they found significant response to P level x bean interaction.
Cowpea genotype Tvu 6365 had many nodules which are good for N-fixation. Nodules
are limited by environmental conditions such as drought and nutrient stress in the soil.
Nodule activities are affected by drought stress which limits N-fixation. The number of
nodule increased with increase in soil moisture. Lawn and Bush (1982) also reported
that nodule fresh weight was a good indicator for effects of different roots on N2 fixation
than was either specific or total nodule activity. Stoffella (1991) reported that nodules
appear more on secondary roots of cowpea than on primary root (taproot). More
nodules are found on the basal roots and laterals roots than on taproot diameters.
Highly positive and significant correlation (R2=0.366) was obtained between nodule
scores and 3rd order branching density. Highly positive and significant correlation was
obtained between nodules scores and disease. Positive and significant correlation was
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obtained between nodule scores and taproot diameter at 20 cm (R2=0.0315) and
cowpea grain yield (R2=0.041). This pattern of nodulation may reflect the physical
distribution of the root system (Kahn and Stoffella, 1991).
5.7.5 Effect of cowpea genotype, P level and moisture status on taproot diameter
Taproot diameters per plant at 5, 10, 15 and 20 cm did not show any significant
difference to P applications at different depths (Table 21). Taproot diameter at 5 and 10
cm did not show significant difference to water regimes. Taproot diameter at 15 and 20
cm showed significance response to water regimes. Taproot diameter per plant at 15
cm showed significant effect on water regimes across eight cowpea genotypes. Tvu
4632 has long taproot diameter which will be good for extracting of water from the
deeper depth in the soil as compared to Tvu 15445 which is having thinner taproot
diameter. Cowpea genotype Tvu 4632 had strong thick and long taproot is are good for
acquisition of water in water-limiting conditions. Miller et al. (2003) reported that under
low soil P bean genotype had long taproot diameter. The taproot root size varies with
depth in the soil. The taproot is single structure growing in essentially one plane (Kahn
and Stoffella, 1991) which is having branching roots on it. Statistical analysis showed
that taproot diameter at 5, 10 and 15 cm showed significant differences among
genotypes, but taproot diameter at 20 cm depth did not show any significance
differences. Highly positive and significant correlation was obtained on between on
taproot diameter at 10 cm (R2=0.510), number of basal roots (R2=0.094), branching
densities at 5 cm (R2=0.086), 10 cm (R2=0.104), 15 cm (R2=0.1743), shallow scores
(R2=0.033), nodule scores (R2=0.6900), 3rd order branching density (R2=0.1735) and
taproot diameter at 20 cm (R2=0.1077). Highly positive and significant correlation was
obtained between taproot diameter at 10 cm and angle of adventitious roots (R2=0.065)
and cowpea grain yield (R2=0.060). The results obtained by Liu et al. (2014) showed
that root diameter was positively and significantly correlated with grain yield in rice
cultivars. Long taproot is good for acquisition of water in the soil since availability of
water increases with increasing in soil depth. Cowpea genotypes with deep roots
survive long under water limiting conditions because deep roots are good for acquisition
of water from the soil during drought stress as compared to the shallow roots. Highly
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positive and significant correlation (R2=0.054) was obtained between taproot diameter
at 15 cm and number of basal roots. Taproot grows vertically downward with or without
nutrient availability in deep layers. Highly positive and significant correlation was
obtained between taproot diameter at 15 cm and branching density at 5 cm
(R2=0.0435), 1.5 branching density at 5 cm (R2=0.0354) and 10 cm (R2=0.0904),
disease (R2=0.048) and grain yield (R2=0.031).

Highly positive and significant

correlation was obtained between stem diameter and branching density at 15 cm
(R2=0.053) and grain yield of cowpea (R2=0.060). The results are in line with Icoz and
Kara (2009) who found positive relationship between forage yield and stem diameter in
maize, and Sallam et al. (2014) also found positive correlation between stem diameter
and grain yield in wheat, but disagreed with the study conducted by Carpici and Celik
(2010) who found negative relationship between yield and stem diameter in forage
maize.
5.7.6 Effect of cowpea genotype, P level and moisture status on lateral root branching
Lateral root branching at 5 and 10 cm did not respond to P application and moisture
stress condition. Postman et al. (2014) found that with insufficient P in the soil plants
grew better with high lateral root branching density which was favoured for P
acquisition. Fenta, (2012) reported that moisture stress enhanced branching density of
tap and lateral roots in three common bean cultivars. Lateral root branching at 5, 10 cm,
1.5 mm lateral roots branching at 5 cm and 10 cm per plant showed significant
differences among eight cowpea genotypes (Table 20). Lateral roots are found in the
top soil layer which are good for acquisition of nutrients such as P. Cowpea genotype
Tvu 6365 had more lateral root branching at branching depth of 5 cm among cowpea
genotypes which will favour P acquisition since it is immobile in the soil. Improved
lateral root branching density is an advantage for P acquisition in the plants. Cowpea
genotype Tvu 15143 had more lateral branching roots at 10 cm depth while IT00K 1217
had less lateral roots branching. Lateral branching roots play an essential role in
searching for nutrient availability in the soil (Lynch and Brown, 2001). Lateral roots are
important for P acquisition since they are found at top soil layer and is an also immobile
nutrient in the soil surface layers. Thus, the optimization of water and P acquisition by
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individual plants can be achieved by altering root shallowness when soil resources are
limited and localized at different depths in the soil profile (Ho et al., 2004). Highly
significant and positive correlation was obtained between 1.5 mm branching density at 5
cm and 1.5 mm branching density at 10 cm (R2=0.1127), shallow scores (R2=0.24344),
deep scores (R2=0.1444), disease (R2=0.1550). Highly significant positive correlation
(R2=0.0807) was obtained between 1.5 mm branching density at 5 cm and 3rd order
branching density. Liao et al. (2001) emphasized that the efficiency of P acquisition is
correlated with the shallowness of basal roots. Highly positive and significant correlation
was obtained between branching density at 5 cm and taproot diameter at 20 cm
(R2=0.032). There was no significant correlation obtained branching density at 5 cm and
grain yield. Drew and Saker (1978) showed that lateral branching roots increase in
response to high availability of N and P. In common bean, P availability in the soil has
shown to control various characteristics of root architecture such as branching, basal
root length and adventitious roots in the topsoil (Ma et al., 2003). Highly positive and
significant correlations were obtained between angle of basal root and taproot diameter
at 10 cm (R2=0.0347), number of basal roots (R2=0.0358), and nodule score
(R2=0.0390). The results disagree with the study by Vieira et al. (2008) who found no
correlation between basal root growth angle and numbers of basal roots. There was no
significant correlation between angle of angle of basal roots and cowpea grain yield.
Fenta (2012) found in common bean that whorl angles, number of basal roots and
adventitious root branching density were positively significantly related to seed yield

5.7.7 Effect of cowpea genotype, P level and moisture status on deep score
Deep score per plant in response to P fertilizer and moisture stress did not show any
significant. Deep score per plant showed significant differences among eight cowpea
genotype. Tvu 4632 performed well in water-limiting condition since is having long root
which can extract water from the deep depth. Cowpea genotype Tvu 4632 it had thick
and long roots which are good for water acquisition in water-limiting conditions while
cowpea genotype Tvu 6365 had shallower roots. Some cowpea genotypes had deep
roots, while some genotypes had less developed root systems. Cowpea genotypes with
deep roots will be adapted to terminal drought stress conditions because they have
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capacity to absorb water from deeper soil. Sinclair and Muchow (2001) reported that
maize enhanced absorption of water due to deep rooting capability, while in rice Li et al.
(2005) reported that deeper rooting plants provide better enhanced drought tolerance.
Highly positive and significant correlation was obtained between deep scores and
taproot diameter at 20 cm (R2=0.0733) and cowpea grain yield (R2=0.0629).
5.7.8 Effect of cowpea genotype, P level and moisture status on shallow score
Shallow score per plant in response to both P level and moisture stress condition at
different rates were found not be significant. Shallow scores per plant showed
significant differences among eight cowpea genotypes. The shallowness of the roots in
cowpea genotype plays the critical role in efficient P acquisitions. Cowpea genotype Tvu
6365 showed to be shallow in roots which show that it can be more efficient in P
acquisition while Oloyin shows to the less efficient in P acquisition. Pronounced
shallowness of the roots are great for nutrient acquisition in the topsoil. The adventitious
roots enhance P acquisition because they have shallow root angles. Lateral roots are
important for P acquisition since it is found at top soil layer and is an also immobile
nutrient in the soil surface. As reported by Miller et al. (2003), the presence of
adventitious roots enhance P acquisition since they have shallow growth angles and
explore soil at less metabolic cost per unit length than other root types. Shallow roots
genotypes had a better P acquisition in low soil P (Lynch and Brown, 2001). They
added that root gravitropism is a potentially beneficial trait for P efficiency. Highly
positive and significant correlation was obtained between angle of adventitious roots
and taproot diameter at 15 cm (R2=0.0237)) and shallow scores (R2=0.0479). The
effectiveness of shallowness of the roots may rely on interacting factors in addition to P
availability (Liao et al., 2004). There was no significant correlation between shallow
scores and cowpea grain yield.
Shallow score did not show any significant response to drought stress condition. High
shallow roots score is not good for moisture stressed situation since the soil surface
drier first and deeper soil layers will hold moisture for long time in the soil. Shallow roots
during drought stress crop will show symptom deficiency and experience water stress
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earlier than long taproot crop. Shallow roots are good for acquisition P since it is
immobile in the soil and is found in large amount on top soil layer.
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS
The results revealed that growth parameters did not respond to moisture stress
conditions. Phosphorus level influence plant height, number of branches and number of
leaves on different cowpea genotypes. Moisture stress condition did not show any
influence on plant height, number of branches and number of leaves on different
cowpea genotypes. Growth parameters were enhanced by P application in the study.
Phosphorus at the 40 kg ha-1 had the best performance in number of leaves and plant
height. Cowpea genotype Tvu 15143 can be recommended to smallholder farmers
since it was having more number of leaves under water stress and most of the
smallholder farmers consume the eat leaves. However, more research should be
conducted under multi-locations to evaluate these cowpea genotypes for better leaf
yield production and check if the leaves are palatable by smallholder farmers.
Cowpea genotype differed widely in their response to moisture stress condition for
photosynthetic parameters and grain yield. Cowpea genotype Tvu 9848 obtained more
intercellular CO2. Photosynthetic parameters did not respond to P level. Water stress
condition lowered photosynthetic rate, water conductance, transpiration rate, RH while it
increased vapour pressure deficit and CO2. Water, sunlight and CO2 play an important
toward photosynthetic parameters because limiting of one the factor can limit
photosynthesis despite other factors being availability. Cowpea genotypes Tvu 9848
resulted in increased intercellular CO2 concentration.

Oloyin perfomed well under

moisture stress on photosynthetic rate, water conductance, transpiration rate, RH
sample, and H2O samples. Under moisture stress contion Tvu 9848 obtained high
vapour pressure deficit while it was low under well-watered condition.
Total N and uptake did not respond to P level and moisture stress condition. Total P and
uptake responded to application of P level and moisture stress condition on cowpea
grains. Total P and uptake were enhanced by P applications. Phosphorus at the 40 kg
ha-1 had the best performance as compared to 8 mg kg-1. Total P and N uptake were
enhanced by P level and water stress condition in cowpea immature green pods.
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Phosphorus level and cowpea variety interaction significantly observed highest of P and
N uptake to immature green pods.
The cowpea genotypes differed widely in their P requirement for growth parameters,
pod length and dried biomass. The study showed that HSW, number of seeds per pod,
number of pods per plant and fresh weight immature pods did not respond to P level
and moisture stress condition. Phoshorus level did not influence cowpea grain yield in
this study. Higher P level enhanced biomass and pod length. Cowpea grain yield and
dry weight of immature were reduced by water stress condition in most cowpea
genotypes tested. Cowpea genotype Tvu 16408 can be recommended to be planted by
smallholder farmers in Limpopo Province since it give the highest yield and Limpopo
Province is experienced low erratic rainfall condition. Tvu 16408 was the best yielding
among cowpea genotypes tested.
The study showed that nodule score, taproot diameter at 15 cm and 20 cm show
significant response to P level. Taproot at 15 cm and 20 cm respond well to water stress
condition. Branching density at 5 cm, 10 cm, 15 cm, 1.5 branching density at 5 cm, 10
cm, 3rd order branching density, deep score, shallow score, taproot diameter at 5 cm,
and 10 cm did not show any response to water stress condition and P level. Cowpea
genotype Tvu 6365 showed to have more shallow roots which can have greater P
efficiency. Cowpea genotype Tvu 4632 showed to have more deep roots which are
good for acquisition of water during drought stress condition. Studies on showed be
conducted on multi-locations on genotypes Tvu 6365, Tvu 16408, Oloyin, IT00K1217,
Tvu 4632 and Tvu 6365 could serve as a breeding lines to improve yield under low soil
P and water stress condition. There is need of selecting root traits, phototosynthetic
parameres and yield parameters which can do well under low soil P and moisture stress
condition.
There is a need to conduct future studies on different locations and environmental
conditions to assess the response of P requirement and moisture stress conditions on
root architecture, photosynthetic parameters and yield as to breed more P uptake
efficiency genotypes. Such studies should be conducted under greenhouse or rain
shelter to avoid rainfall.
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There is need to assess cowpea genotypes that can have proper root distribution under
low soil P and water stress condition which can be good for P acquisition and drought
stress.
Nodule play an important role by N-fixing. Phosphorus level did not show any significant
response on nodule score while moisture stress condition resulted in decrease in
nodule score. Nodule score showed a significant response among eight cowpea
genotypes.
Root characterstics such as stem diameter, taproot diameter at 5, 10, 15, number of
basal roots, deep and nodule score had influences on cowpea grain yield.
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APPENDICES

Summary of Analysis of Variance (ANOVA) tables on the effect of moisture status,
phosphorus and genotype on selected cowpea lines
Appendix 1: MS values for measured parameters
Source

DF

Phosphorus

P uptake

Nitrogen

P level (b)

1

0.0350*

0.0030**

0.6032ns

0.2232ns

Moistate (c)

1

0.5296ns

0.0322*

0.1218ns

0.1451ns

B*C

1

0.3212ns

0.1328ns

0.3304ns

0.2593ns

Genotypes(d)

7

0.0015**

0.0335*

0.0354*

0.0242*

B*D interaction 7

0.0070**

0.7414ns

0.0564ns

0.6343ns

C*d interaction 7

0.3967ns

0.7450ns

0.1950ns

0.7060ns

B*C*D
interaction

0.6416ns

0.4799ns

0.5438ns

0.5145ns

7

N uptake

Appendix 2: Analysis of Variance for nutrient content cowpea pods
Source

DF

Phosphorus

P uptake

Plevel(b)

1

0.0179*

0.0093**

0.1275ns

0.0203*

Moistate(c)

1

0.0327*

0.3234ns

0.1011ns

0.0286*

B*C

1

0.8409ns

0.8585ns

0.1705ns

0.9846ns

Genotypes(d)

7

0.0000**

0.0000***

0.0000***

0.0000***

B*D

7

0.2159ns

0.0029**

0.0245*

0.0347*

C*D

7

0.0920ns

0.0199*

0.7652ns

0.0251*

B*C*D

7

0.1199ns

0.4340ns

0.6201ns

0.1583ns
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Nitrogen

N uptake

Appendix 3: Analysis of Variance table for plant height
Source

DF

Plant Height
4WAP

Plant Height
6WAP

Plant Height
8WAP

Plant Height
10WAP

Plevel(b)

1

0.7448ns

0.3840ns

0.3248ns

0.3312ns

Moistate(c)

1

0.0067**

0.0188*

0.0095**

0.0146*

B*C

1

0.6279ns

0.6774ns

0.6276ns

0.5226ns

Genotypes(d)

7

0.0000***

0.0021**

0.0000***

0.0000***

B*D

7

0.2044ns

0.1321ns

0.2399ns

0.1367ns

C*D

7

0.0861*

0.5566ns

0.0053**

0.0552*

B*C*D

7

0.9923ns

0.6691ns

0.5881ns

0.3254ns

Appendix 4: Analysis of Variance table for 50 % physiological maturity and fresh and dry
biomass
Source

DF

50% pm

Fresh
Biomass(kg)

Dry biomass

Plevel(b)

1

0.1411ns

0.0002***

0.0007***

Moistate(c)

1

0.7796ns

0.4225ns

0.4656ns

B*C

1

0.7796ns

0.2672ns

0.3815ns

Genotypes(d)

7

0.0000***

0.0003***

0.0010**

B*D

7

0.0260*

0.9395ns

0.9267ns

C*D

7

0.1094ns

0.3286ns

0.2605ns

B*C*D

7

0.7042ns

0.1672ns

0.5435ns
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Appendix 5: Analysis of Variance Table for yield attributes and Corrected grain yield kg
ha-1
Source

DF

Corrected yield Pod fresh
weight

Pod dry
weight

Plevel(b)

1

0.0210*

0.5516ns

0.0917ns

Moistate(c)

1

0.4613ns

0.7174ns

0.0326*

B*C

1

0.4872ns

0.1727ns

0.2899ns

Genotypes(d)

7

0.0145*

0.0000***

0.0000***

B*D

7

0.7696ns

0.2112ns

0.0023**

C*D

7

0.6321ns

0.0332*

0.0321*

B*C*D

7

0.4203ns

0.1319ns

0.0209*

Appendix 6: Analysis of Variance table for branching densities
1.5BD5

BD10

DF BD 5

Plevel(b)

1

0.4580ns 0.1154ns 0.9141ns 0.5627ns 0.5931ns 0.1972ns

Moistate(c)

1

0.7885ns 0.2529ns 0.8459ns 0.5222ns 0.0768ns 0.3336ns

B*C

1

0.3386ns 0.2347ns 0.7275ns 0.6665ns 0.4912ns 0.0652ns

Genotypes(d) 7

0.0000*** 0.0244* 0.0008*** 0.0001*** 0.1070ns 0.0003***

B*D

7

0.0210*

C*D

7

0.5086ns 0.1024ns 0.5288ns 0.8273ns 0.9221ns 0.2300ns

B*C*D

7

0.1364ns 0.2675ns 0.7077ns 0.9493ns 0.3950ns 0.7608ns

0.0885ns 0.0347*

113

1.5BD10 BD15

3RD BD

Source

0.3664ns 0.7984ns 0.1720ns

Appendix 7: Analysis of Variance table for taproot diameters
Source Td5

Td10

Td15

Td20

Ds

Ss

Ns

P level (b) 0.0817ns 0.0740ns 0.0468*

0.1940ns 0.1299ns ns

Moistate(c) 0.8655ns 0.7963ns 0.0238*

0.0325*

B*C

#basal
roots

0.0915ns 0.6183ns

0.5168ns 0.5050ns 0.0154*

0.8059ns

0.7291ns 0.9215ns 0.8927ns 0.5054ns 0.3985ns 0.8919ns 0.1111ns 0.3668ns

Genotypes 0.016*
(d)

0.001**

0.0444*

0.1636ns 0.0091** 0.0094** 0.0000** 0.0000***

B*D
0.932ns 0.7556ns 0.9566ns 0.4011ns 0.7340ns 0.6304ns 0.1444ns 0.0926ns
interaction
C*D
0.754ns 0.2313ns 0.5532ns 0.1636ns 0.7103ns 0.7907ns 0.4974ns 0.6435ns
interaction
B*C*D
0.709ns 0.4303ns 0.3817ns 0.4011ns 0.0862ns 0.3191na s0.3010ns 0.2102ns
interaction
TD= Taproot diameters, Ds= Deep score, SS= Shallow score, Ns= Nodule scores
Appendix 8: Analysis of Variance table for number of leaves
Source

DF

Number of Number of Number of Number of Number of
leaves
leaves
leaves
leaves
leaves
4

5
0.0088**

6

8

0.0468*

0.0475*

Plevel(b)

1

0.0201*

Moistate(c)

1

0.4959ns 0.8914ns

0.3696ns 0.3327ns

0.1332ns

B*C

1

0.5826ns 0.3928ns

0.9586ns 0.9324ns

0.5568ns

Genotypes(d)

7

0.0000*** 0.0000***

0.0000*** 0.0000*** 0.0000***

B*D

7

0.0455*

0.0355*

0.7119ns 0.7283ns

0.6797ns

C*D

7

0.0396*

0.6087ns

0.1619ns 0.3457ns

0.0442*

B*C*D

7

0.2328ns 0.6604ns

0.8990ns 0.9475ns

0.9953ns
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0.0395*

7

Appendix 9: Analysis of Variance Table for photosynthesis parameters

Source

DF

Ci

Cond

Photo

Trmmol

Plevel(b)

1

0.8290

0.7423ns

0.5632ns

0.7338

Moistate(c)

1

0.7763

0.0001***

0.0004***

0.0005***

B*C

1

0.6782

0.8817ns

0.7576ns

0.7390ns

Genotypes(d)

3

0.0909

0.0000***

0.0000***

0.0000***

B*D

3

0.2159ns

0.6187ns

0.4830ns

0.1861

C*D

3

0.0071**

0.8877ns

0.0665ns

0.2305

B*C*D

3

0.7428ns

0.9312ns

0.9156ns

0.9729ns

Ci= Intercellular CO2, Cond= Conductance to water, Photo= Photosynthetic
rate,Trmmol= Transpirate rate
Appendix 10: Analysis of Variance Table for photosynthetic parameters
Source

DF

CO2S

Vpdl

H2OS

RHS

Plevel(b)

1

0.6947ns

0.8211ns

0.6842ns

0.5748ns

Moistate(c)

1

0.0002***

0.0001***

0.0013**

0.0010**

B*C

1

0.6792ns

0.2199ns

0.8565ns

0.8806ns

Genotypes(d)

3

0.0000***

0.0043***

0.0000***

0.0000***

B*D

3

0.4211ns

0.7549ns

0.2278ns

0.2657ns

C*D

3

0.1808ns

0.6549ns

0.2414ns

0.1622ns

B*C*D

3

0.9081ns

0.4573 ns

0.9720ns

0.9357ns

C02S = Sample cell CO2, Vpdl= Vapour pressure based on leaf temp, H2OS= Sample
cell H2O, RHS= Relative huminidy in the cell
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Appendix 11: Accepted abstract for oral presentation at the January 2014 Combined
Congress
RESPONSE OF COWPEA ROOT CHARACTERISTICS AND YIELD ATTRIBUTES TO
VARIABLE PHOSPHORUS AND MOISTURE STRESS CONDITIONS AT UKULIMA
FARM, LIMPOPO PROVINCE
SS Thosago1, FR Kutu1, IK Mariga1
1
University of Limpopo, Department of Plant Production, Soil Science and Agricultural
Engineering,
E-mail: ssthosago@gmail.com
INTRODUCTION
The problems of low soil phosphorus (P) and drought stress constitute abiotic stresses
that threaten crop production, and hence, global food security. Root architecture, spatial
configuration of the root system, exerts significant influence on the underground nutrient
and water acquisition by plants (Lynch, 1995). This study aimed to assess the potential
adaptation of eight cowpea (Vigna unquiculata L. Walp) lines to low soil P and moisture
stress under field conditions.
MATERIALS AND METHODS
A field experiment was planted at Ukulima farm near Modimolle, Limpopo Province
during 2012/13-summer growing season. Treatments comprised of two levels each of
soil P (low and high) and moisture (water stress and well-watered); and eight cowpea
genotypes comprising of seven imported lines (Tvu4632, Tvu6365, Tvu9848, Tvu15445,
Tvu16408, Tvu15143 and Oloyin) and one locally registered new line (IT00K-1217). The
cowpea root traits measured included number of basal roots, tap root diameter at 5, 10,
15 and 20 cm; lateral root branching density at depths of 5, 10 and 15 cm, nodule score,
and 1.5 branching density at 5 and 10 cm depths. Yield attributes measured included
number of pods per plant, number of seeds per pod, grain weight, and hundred seed
weight (HSW). All treatment factors were combined as split-split plot arrangement and
fitted into a randomized complete block design with four replicates. Data were subjected
to analysis of variance using Statistix 8.1 software and treatment means were separated
using Tukey‘s HSD-test at 5% probability level.
RESULTS AND DISCUSSION
Results indicate that branching density at 5 and 15 cm differed significantly (p=0.05)
across the different genotypes. A significant Moisture status x genotype interaction
effect on 1.5 branching density at 5 and 10 cm depths, taproot diameter at 10, 15 and
20 cm depths and nodule score were observed. A significant P rate x genotype
interaction effect on taproot diameter was also observed at 10 cm depth. Phosphorus
level and genotype variation exerted significant (P≤0.01) effects on pod length. The
differences in mean number of pods per plant, pod weight and number of seeds per pod
among cowpea genotypes were highly significant (P=0.01). Moisture state and
genotype variation exerted significant (P≤0.05) effects on grain yield and HSW.
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CONCLUSIONS
The results of this study revealed that root architecture exerted significant effects on
water and P acquisition, as well as the nodule information of the various cowpea
genotypes including the South African newly registered line; and consequently, cowpea
productivity.
REFERENCES
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Nutrient acquisition by plants: P an ecological perspective. Ecological studies 181: 147184.
Keywords: Cowpea genotypes; P fertilisation; moisture stress; root traits; grain yield
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