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ABSTRACT

Generally, soils in tropical Africa including Ghana are inherently low in essential
nutrients particularly nitrogen and phosphorus thereby resulting in low yields of crops.
To this end, two field experiments were conducted on the same plot at the Plantation
Section of the Department of Crop and Soil Sciences, Kwame Nkrumah University of
Science and Technology (KNUST) during the major and minor cropping seasons of
2014 to evaluate cowpea (Vigna unguiculata [L.] Walp) response to nitrogen and
phosphorus fertilizers and residual fertility effects on the growth and yield of succeeding
maize (Zea mays L.) crop.

The design used in the studies was a 4x5 factorial arranged in randomized complete
block with three replications. The factors studied were N and P fertilizer application
rates. The N rates were 0, 10, 20, 30 and 40 kg N/ha and the P rates were 0, 15, 30 and
45 kg P,Os/ha. The Asontem cowpea and Abontem maize variety used were obtained
from the CSIR- Crops Research Institute, with both having a maturity periods of 65 and
75 days respectively. The land was ploughed, harrowed and plots were laid out. Plot size
was 4.1 x 1.9 m. Planting for the cowpea was done in June at a spacing of 60 x 20 cm,
while that of the maize was done in September at a spacing of 70 x 30 cm. All necessary
agronomic practices were carried out.

The results indicated that cowpea growth indices were not significantly (P > 0.05)
affected by N and P fertilizer application rates. All nodulation parameters were also not
significantly (P > 0.05) affected by N and P rates, except for number of nodules at 4
weeks after fertilizer application (WAFA). Grain yield and its component were not

significantly (P > 0.05) affected by N and P fertilizer application rates. The results



further indicated that residue quality was not responsive (P > 0.05) to N and P rates.
However, application of N had significant (P < 0.05) effects on cowpea total plant N,
seed N and crude protein content of seeds.

Furthermore, residual fertilization did not significantly (P > 0.05) affect the growth, dry
matter and grain yield of the succeeding maize crop.

From the studies, it is recommended that, application of N to cowpea fields should
highly depend on the N status of that particular field and that further studies should be
conducted with higher P rates in other to determine the appropriate rate of P fertilizer
that will produce significant effects on growth, grain yields and N contents of whole

plant, seeds and residues of cowpea.
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CHAPTER ONE

1.0 INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) and maize (Zea mays L.) are important crops
worldwide. Cowpea is an important grain legume in the tropics especially West Africa,
covering 12.5 million hectares with annual production of about 3.3 million tons (EI
Naim and Jabereldar, 2010). According to FAO (2001), 64 % of the world's production
of cowpea is from West Africa on approximately 10 million hectares of land. In Africa,
Nigeria, Niger, Mali, Kenya, Burkina Faso, Ghana, and Uganda are the major producers
(Bennett-Lartey and Ofori, 2000). Cowpea is of main significance to the livelihoods of
millions of relatively poor people in developing countries of the tropics (FAO, 2002). It
is a multi-purpose legume providing grain, leaf and forage and also improves soil
fertility. It has very high nutritive value and high palatability (Whitebread and Lawrence,
2006). Improvement in cowpea production would support 850 million people in the
world with high incidence of undernourishment especially in sub-Saharan Africa (FAO,

2006).

Maize is presently the world’s third most important cereal after wheat and rice (Belfield
and Brown, 2008). It is however, the most important cereal in most African countries
including Ghana (Al-Hassan and Jatoe, 2002). Maize has become a major cereal crop
and an important constituent of human and animal diets as well as raw material for

industry (USAID/EAT, 2012). It is a widely grown cereal in the tropics (Damsteegt and



Igwegbe, 2005) and plays a vital role as a food security crop in both rural and urban

communities.

Despite the importance of cowpea and maize, the yields obtained by most farmers in
western Africa are very low. In Ghana, the yields are among the lowest in the world,
averaging about 700 kg/ha (MoFA - SRID, 2012) and 1.9 t/ha (MoFA, 2010) for cowpea
and maize respectively. Low soil fertility and low application of external inputs are
among the major factors accounting for low productivity of these crops. Haruna et al.
(2011) reported that soils of tropical Africa are inherently low in nutrients particularly
nitrogen and phosphorus. In spite of the low fertility status of soils, the use of inorganic
fertilizer is limited due to several socioeconomic constraints (Partey et al., 2013b) and
other factors. For instance, it is generally believed that cowpea does not require
inorganic fertilizer (Kan™ ankuk'a, 1999), because soil rhizobia are able to fix enough
nitrogen for the crop. However, despite the N fixing ability, high productivity potential
of the crop has been reported by various workers through the use of organic and

inorganic fertilizer (Madukwe et al., 2008; Singh et al., 2011).

In tropical Africa, grain legumes like cowpea are an important component of the
predominantly cereal/legume production systems (Steiner, 1984). Positive residual
effects of N-fixing legumes on subsequent cereals have been widely reported
(Kumwenda et al., 1995). The use of legumes in cropping systems offers substantial
benefits because of their ability to ameliorate soil fertility decline through fixation of
atmospheric nitrogen, enriching it with organic matter and improving the yield of the

subsequent crops (Giller et al., 1997; Shoko et al., 2007). However, due to the



predominantly infertile soils in tropical Africa, with low levels of nitrogen and available
Phosphorus, the potential of legumes to grow and yield better together with their N-
fixing ability and their effects on succeeding cereal crops is greatly hindered. Production
of grain legumes on poor soils has led to very poor growth, yields (<0.5 t/ha) and low N,
fixation (< 5 kg N/ha/yr) (Giller, 2001), because under such conditions the crops hardly
satisfies their nutrient requirements and nutrient deficiency during different growth
stages limits the expression of genetic yield potential (Fernandaz and Miller, 1986).
Therefore in order to improve the growth and yield of cowpea together with its effects
on succeeding crops, it is of utmost importance to have sufficient soil nutrients during
their growth especially nitrogen and phosphorus which are widespread deficient but very

important in tropical African soils.

The main objective of the study therefore, was to evaluate the effects of nitrogen and
phosphorus fertilizer on cowpea response, and subsequent contribution to succeeding

maize crop.

The specific objectives of the study were to:
(i) Determine the effects of nitrogen and phosphorus application on growth and
yield of cowpea.
(ii) Determine the effects of nitrogen and phosphorus application on nodulation of
cowpea
(iii)Determine the effects of nitrogen and phosphorus application on the nitrogen and

crude protein content of cowpea seeds.



(iv) Determine the effects of nitrogen and phosphorus application on cowpea stover
quality and total plant N.
(v) Determine the effects of resulting cowpea haulm and residual nitrogen and

phosphorus fertilizer on succeeding maize growth and yield.

The above objectives were formulated to test the null hypotheses that:

(i) The application of nitrogen and phosphorus fertilizer does not lead to increase in
growth and yield of cowpea.

(i) The application of nitrogen and phosphorus fertilizer has no effect on nodulation
of cowpea.

(iii)The application of nitrogen and phosphorus fertilizer has no effect on nitrogen
and crude protein content of cowpea seeds.

(iv)Nitrogen and phosphorus application has no effect on cowpea stover quality and
total plant N.

(v) Resulting cowpea haulm and residual nitrogen and phosphorus fertilizer have no

effect on succeeding maize growth and yield.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 ORIGIN, DOMESTICATION AND DISTRIBUTION OF COWPEA

Cowpea (Vigna unguiculata (L.) Walp) is a member of the family Fabaceae and tribe
phaseoleae (Maréchal et al., 1978). Cowpea was known in India long before the days of
Christ, and is also believed to have been known in Asia around the year 2300 BC and in
Europe early enough to be known under the name phaseolos, phaseolus or phaselus
(Burkhill, 1953). A lack of archaeological evidence has resulted in contradicting views
supporting Africa, Asia and South America as its origin (Summerfield et al., 1974). One
view is that cowpea was introduced from Africa to the Indian sub-continent
approximately 2000 to 3500 years ago (Allen, 1983). Kitch et al. (1998) also reported
that, the species unguiculata is thought to be West African Neolithic domesticated and
whose progenitors were the wild weed species dekindtiana and meusensis. Before 300
BC, cowpeas had reached Europe and possibly North Africa from Asia. In the 17th
century, the Spanish took the crop to West India. The slave trade from West Africa
resulted in the crop reaching the southern USA early in the 18th century. Another view
was that the Transvaal region of the Republic of South Africa was the centre of
speciation of V. unguiculata, due to the presence of most primitive wild varieties
(Padulosi and Ng, 1997). The determination of the origin and domestication of cowpea
had been based on morphological and cytological evidence, as well as information on its
geographical distribution and cultural practices (Ng, 1995; Ng and Maréchal, 1985).
Early observations showed that the cowpeas present in Asia are very diverse and

morphologically different from those growing in Africa, suggesting that both Asia and
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Africa could be independent centers of origin for the crop. However, Asia has been
questioned as a center of origin due to the lack of wild ancestors (Ng and Maréchal,
1985). Flight (1970) reported that, the oldest archeological evidence of cowpea was
found in Africa in the Kintampo rock shelter remains in Central Ghana dating about
1450-1000 BC, suggesting Africa as center of origin. Presently cowpea is grown

throughout the tropic and sub tropic areas around the world.

Ng (1995) postulated that during the process of evolution of V. unguiculata, there was
change of growth habit, from perennial to annual breeding and from predominantly out-
breeding to inbreeding, while cultivated cowpea (subsp. unguiculata) evolved through
domestication and selection of the annual wild cowpea (var. dekindtiana). During the
process of domestication and after the species was brought under cultivation through
selection, there was a loss in seed dormancy and pod dehiscence, corresponding with an
increase in seed and pod size. The precise location of origin of where cowpea was first
domesticated is also still under speculation. But by reason of the highest genetic
diversity of the crop and the presence of the most primitive form of wild cowpea,
(Padulosi, 1993), Southern Africa is the most probable center of domestication.
According to Padulosi and Ng (1997), Southern Africa is the center of genetic variability
because the most ancient of wild cowpea occurs in Namibia from the west, across
Botswana, Zambia, Zimbabwe and Mozambique to the east, and the Republic of South

Africa and Swaziland to the south.

The wide geographical distribution of various dekindtiana throughout sub-Sahara Africa

suggests that the species could have been brought under cultivation in any part of the
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region. However, the centre of maximum diversity of cultivated cowpea is found in West
Africa, in an area encompassing the savannah region of Nigeria, southern Niger, part of
Burkina Faso, northern Benin, Togo, and the north western part of Cameroon (Ng and
Marechal, 1985). Carbon dating of cowpea (or wild cowpea remains from the Kimtampo
rock shelter in central Ghana) has been carried out (Flight, 1976), and is the oldest
archaeological evidence of cowpea found in Africa. This shows the existence of
gathering (if not cultivation) of cowpea by African hunters or food gatherers as early as

1500 BC.

2.2 TAXONOMY AND BOTANY OF COWPEA

Cowpea (Vigna unguiculata (L) Walp.) is an annual food dicotyledonous legume
belonging to the order Fabaceae, subfamily Faboideae (Syn. Papillionoideae), tribe
Phaseoleae, subtribe Phaseolinae, genus Vigna, and section Catiang (Verdcourt, 1970;
Maréchal et al., 1978).

The genus Vigna is pan-tropical and highly variable with several species, whose exact
number varies according to authors: 184 (Phillips, 1951), 170 (Faris, 1965), between 170
and 150 (Summerfield and Roberts, 1985), 150 (Verdcourt, 1970), 154 (Steele, 1976),
and about 84, out of which some 50 species are indigenous to Africa (Maréchal et al.,
1978). Verdcourt (1970) sub-divided the genus Vigna into eight sub-genera: Vigna,
Sigmoidotropis, = Cochliasanthus,  Plectotropis, = Ceratotropis,  Dolichovigna,
Macrorhynchus and Haydonia. Later, this classification was modified to seven sub-
genera: Vigna, Sigmoidotropis, Plectotropis, Macrorhyncha, Ceratotropis, Haydonia

and Lasiocarpa (Maréchal et al., 1978). All cultivated cowpeas are grouped under V.



unguiculata sub-species unguiculata which is sub-divided into four semi-groups, namely
Unguiculata, biflora (or cylindrica), sesquipedalis, and textilis (Ng and Maréchal, 1985).
Cowpea is one of common names in English: cowpea, bachapin bean, black-eyed pea,
southern, Crowder pea, china pea and cow gram; in Afrikaans: akkerboon,
swartbekboon, koertjie; in Zulu: isihlumaya; in Venda: munawa (plant), nawa (fruits)
imbumba, indumba; in Shangaan: dinaba, munaoa, tinyawa (Aveling, 1999). It is also
known internationally as lubia, niebe coupe or frijol. However, they are all species of
Vigna unguiculata (L.) Walp, which in older reference may be identified as Vigna

sinensis (L.) (Quinn, 1999).

2.3 MORPHOLOGY AND BIOLOGY OF COWPEA

Summerfield et al. (1974) and Kay (1979) described cowpea as an annual herb reaching
heights of up to 80 cm with a strong taproot with many spreading lateral roots in the
surface soil and many globular nodules. The root nodules are smooth and spherical,
about 5 mm in diameter, numerous on the main taproot and its branches but sparse on
the smaller roots (Chaturvedi et al., 2011). Growth forms vary and many are erect,
trailing, climbing, or bushy, usually indeterminate growers under favourable conditions.
The stems are striate, smooth or slightly hairy and sometimes tinged with purple. Leaves
are alternate and trifoliate. The first pair of leaves is simple and opposite. The lateral
leaflet is opposite and asymmetrical, while the central leaflet is symmetrical and ovate.
Leaves exhibit considerable variation in size (6-16 x 4-11 cm) and shape (linear,

lanceolate to ovate) and they are usually dark green. The leaf petiole is 5-25 cm long.



The flowers are arranged in racemose or intermediate inflorescence at the distal ends of
5-60 cm long peduncles. The flowers are conspicuous, self-pollinating, borne on short
pedicels and the corollas may be white, dirty yellow, pink, pale blue or purple in colour
(Kay, 1979). According to Fery (1985), the inflorescence is axillary and formed of a
peduncle 10 to 30 cm long, at the end of which there is a rachis with each node bearing a
pair of flowers and a cushion of extra floral nectaries that contribute to the attraction of
insects. In cultivated forms, the flowers open in the early day and close in late morning
approximately midday, with the dehiscence of the anthers taking place several hours

before the flower opens. After blooming (opening once) they wilt and collapse.

The fruit is a dehiscent pod with varying shape and length which usually shatters when
dry. It is pendulous, mostly linear although curved and coiled forms occur. The pod is
green at early stage and when maturing it becomes usually yellow, light brown, pink or
purple. The pod length may vary from less than 11 cm to more than 100 cm (Rachie and
Rawal, 1976). Seeds are relatively large (0.2-1.2 cm long) and weigh 5-30 g/100 seeds.
They are variable in size and shape: kidney, ovoid, crowder, globose and rhomboid
(IBPGR, 1983). The seed coat varies in texture (such as smooth, rough, or wrinkled),
colour (white, cream, green, buff, red, brown, black), and uniformity (solid, speckled, or
patterned) (Timko and Singh, 2008). Seed shape is correlated with that of the pod.
Where individual seeds are separate from adjacent ones during development, they
become reniform, but as crowding within the pod increases, the seeds become globular

(Chevalier, 1944). Seed germination is epigeal, very quick and very high.



2.4 CLIMATIC AND SOIL REQUIREMENTS OF COWPEA

Cowpea grows primarily under humid conditions. It is tolerant to heat and drought
conditions. The crop is sensitive to frost. It germinates rapidly at temperatures above
18.33°C; colder temperatures slow germination (Davis et al., 1991). Cowpea can be
grown under rain fed conditions as well as by using irrigation or residual moisture along
river or lake flood plains during the dry season, with the minimum and maximum
temperatures between 28 and 30°C (night and day) during the growing season (Dugje et
al., 2009). Most of the crop grown in agro-ecological zones requires an annual rainfall
ranging between 500 and 1200 mm. However, with the development of extra-early and
early maturing cowpea varieties, the crop can thrive in the regions with an annual
rainfall less than 500 mm. The crop requires well drained sandy loam soils with pH of
5.5t0 6.5 (Davis et al., 1991). The crop is tolerant to drought and well adapted to a wide

range of soils, including sandy and even poor soils (Davis et al., 1991).

2.5 COWPEA PRODUCTION

World cowpea production was estimated at 3,319,375 MT and 75% of that production is
from Africa (FAOSTAT, 2000). West Africa is the key cowpea producing zone, mainly
in the dry savanna and semi-arid agro ecological zones. The principal cowpea producing
countries are Nigeria, Niger, Senegal, Ghana, Mali and Burkina Faso (Langyintuo et al.,
2003). Cowpea is widely distributed throughout the tropics, but central and west Africa
account for over 64 % of the area (with about 8 million hectares, followed by about 2.4
million hectares in central and southern America, 1.3 million hectares in Asia, and about

0.8 million hectares in eastern and southern Africa). Some cowpea is also cultivated in
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the Middle East and southern Europe. However, a substantial part of cowpea production
comes from the drier regions of northern Nigeria (about 4 million ha, with 1.7 million
tonnes), southern Niger Republic (about 3 million ha, with 1 million tonnes) and Brazil
(about 1.9 million ha, with 0.7 million tonnes) (Singh et al., 1993).

Cowpea is an important component of sustainable cropping system in Ghana. It is
cultivated for the leaves, green pods, grain and haulm for livestock feed. According to
Lowenberg-DeBoer (2000), Ghana is one of the major producers of cowpeas in the
world but in addition, it imports about 10,000 MT annually; about 30 percent of the
Ghanaian imports are from Burkina Faso and the rest from Niger. In Ghana, cowpea is
one of the widely cultivated legumes, it is grown throughout all the ten geographical
regions (MOFA, 2010), mainly in the savanna and transitional zones (CRI, 2006). An
average of 143,000 MT of cowpea is produced annually on about 156,000 ha of land in

Ghana, making it the fifth highest producer of cowpea in Africa (TL Il Project, 2012).

2.6 COWPEA PRODUCTION SYSTEMS

Traditionally, in West and Central Africa, and Asia, cowpeas are grown on small farms
often intercropped with cereals such as maize, millet and sorghum by small scale
farmers. Fertilizers and pesticides are generally not used, because they are too expensive
or not available to the farmers (Abubakar and Olukosi, 2008).

In West Africa, both fodder and grain type varieties are grown sometimes as a pure crop

and its commercial production is mostly done in these states.
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2.7 COWPEA PRODUCTION CONSTRAINTS

Although cowpea is a hardy crop that can produce reasonably well under conditions that
may render other crops unproductive, production is still constrained by several biotic and
abiotic stresses (Hall et al., 1997). In the developing world where soil infertility is high,
rainfall is limiting, and most of the cowpea is grown without the use of fertilizers and
plant protection measures such as pesticides and herbicides, a wide variety of biotic and
abiotic constraints also limit growth and severely limit yield (Timko et al., 2007a). The
biotic factors that cause yield reduction include insect pests, parasitic flowering plants,
as well as viral, fungal and bacterial diseases (Emechebe and Lagoke, 2002). The abiotic
factors include poor soil fertility, drought, heat, acidity and stress due to intercropping
with cereals (Singh and Ajeigbe, 2002). However, Terao et al. (1997) reported insect
pests, plant diseases, parasitic flowering plants and drought to be major yield-reducing
factors.

Several important pests attack cowpea throughout its growth stages from seedling until
after harvest causing economic damage. The major insect pests which severely damage
cowpea during all growth stages are the cowpea aphid (Aphis craccivora Koch), foliage
beetles (Ootheca sp, Medythia spp), the flower bud thrips (Megalurothrips sjostedti
Trybom) the legume pod borer (Maruca vitrata Fabricius) and the sucking bug complex,
of which Clavigralla spp, Anoplocnemis spp, Riptortus spp, Mirperus spp, Nezara
viridula Fab and Aspavia armigera L. are most important and are prevalent (Jackai and
Daoust, 1986). Tremendous yield losses have been reported in Ghana, Cameroon and
Nigeria (Ta’Ama, 1983) due to thrips infestation. It has been repored by Omo-Ilkerodah

et al. (2009) that yield loss in cowpea ranged between 20 to 80 % due to thrips
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infestation, while under severe infestation a 100% yield loss has been reported by Singh

and Allen (1980)

Cowpea is attacked by over 35 major diseases caused by viruses, bacteria, fungi, and
nematodes (Patel, 1985). The occurrence, severity, and yield loss due to each disease and
mixed infections vary from place to place, but some diseases occur and cause significant
damage across the cowpea growing regions of the world (Emechebe and Florini, 1997).
Virus diseases cause serious losses of yield and quality in cowpea in many cowpea
growing countries. Worldwide, more than 20 viruses have been identified which infect
cowpea under field or experimental conditions (Thottappilly and Rossel, 1985) and are
considered potential natural threat to cowpea production (Kuhn, 1990). Singh et al.
(1984) reported that two bacterial diseases, bacterial pustule (Xanthomonas spp.) and
bacterial blight (Xanthomonas vignicola), cause severe damage to cowpea worldwide.
Cercospora leaf spot, brown blotch, Septoria leaf spot and scab are the most common
fungal diseases (Abadassi et al., 1987). About 55 species of nematodes have been
reported on cowpea (Caveness and Ogunfowora, 1985) but the most damaging and

widespread species is Meloidogyne incognita.

Parasitic weeds such as Striga gesnerioides and Alectra vogelii are a major limitation to
cowpea production in Africa (Timko et al., 2007b). Striga causes severe damage to
cowpeas in the Sudan savanna and Sahel of West Africa, whereas Alectra is more
prevalent in the Guinea and Sudan savannas of West and Central Africa and in portions

of eastern and southern Africa (Timko and Singh, 2008).
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Despite cowpea being more drought tolerant than many other crops, moisture
availability is still a major constraint to growth and development, especially during
germination and flower setting. Erratic rainfall adversely affects both plant population
and flowering ability, resulting in tremendous reduction in grain yield and total biomass

in general (Timko and Singh, 2008).

2.8 USES OF COWPEA

Cowpea is a grain legume food crop that plays a critical role in the lives of millions of
people in Africa and other parts of the developing world. Cowpea is a multifunctional
crop, providing food for man and livestock and serving as a valuable and dependable
revenue-generating commodity for farmers and grain traders (Langyintuo et al., 2003). It
can be used at all stages of its growth as a vegetable crop, and the leaves contain
significant nutritional value (Ahenkora et al., 1998). The young leaves and shoots are
consumed as spinach and provide one of the most widely used potherbs in tropical
Africa (Mroso, 2003). Virtually all the components of the crop are important sources of
food. Islam et al. (2006) emphasized that all the plant parts are nutritious providing
protein and vitamins. Immature pods and peas are used as vegetables while several
snacks and main dishes are prepared from the grains (Bittenbender et al., 1984). The
crop is grown primarily in the third world for its cheap source of dietary protein, lysine
(Bresami, 1985) and as supplement for meat (Stanton, 1966). The seeds make up the
largest contributor to the overall protein intake of several rural and urban families, hence
Agbogidi (2010b) described cowpea as the poor man’s major source of protein.

According to Diouf (2011), the crude protein content of the seeds and leaves of cowpea
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ranges, respectively between 23 and 32 %, about twice the protein content of most
cereals (Kay, 1979), and between 13 and 17 % in the haulms on a dry weight basis with
high digestibility value and high fibre level (Adeyemi et al., 2012). Their amino acid
complements those of cereals (Asumugha, 2002). Their mineral contents: calcium and
iron are higher than that of meat, fish and egg and the iron content equate that of milk;
the vitamins- thiamin, riboflavin, niacin (water soluble) and their levels compare with
that found in lean meat and fish (Achuba, 2006) which make them very useful in blood
cholesterol reduction (Johnson et al., 1983). Adeniji (2007) reported that daily
consumption of 100— 135gm of dry beans reduces serum cholesterol level by 20 %,
thereby reducing the risk for coronary heart diseases by 40 % (Ofuya, 1993). In addition,
because grain legume starch is digested more slowly than starch from cereals and tubers,
their consumption produces fewer abrupt changes in blood glucose levels following
consumption (Phillips et al., 2003). Rangel et al. (2004) reported that protein isolates
from cowpea grains have good functional properties, including solubility emulsifying
and foaming activities and could be a substitute for soy protein isolates for persons with
soy protein allergies. The crop is also used for forage for farm animals, hay, silage,
pasture (Alzouma, 1989). Apart from the use of its grain as source of food for human
and animal feed, the practice of feeding cowpea vegetative parts to livestock is popular

among peasant farmers and of increasing economic significance.

It forms a major component of the tropical farming system because of its ability to
improve marginal lands through nitrogen fixation and as a cover crop (Abayomi et al.,
2008) and also serves as a residue, which benefits the succeeding crops. Cowpea is well

recognized as a key component in crop rotation schemes because of its ability to help
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restore soil fertility for succeeding cereal crops (Tarawali et al., 2002). The crop can fix
about 240 kg/ha of atmospheric nitrogen and make available about 60-70 kg/ha nitrogen
for succeeding crops grown in rotation with it (CRI, 2006). Cowpea grows quickly and
permits the establishment of a good cover of the ground which decreases erosion, soil
temperature and competition with weeds (Blades et al., 1997). It is a deep rooted crop
and does well in sandy soils and more tolerant to drought than soybean (Lauriault and
Kirksey, 2007). Its drought tolerance, relatively early maturity and nitrogen fixation
characteristics fit very well to the tropical soils where moisture and low soil fertility is
the major limiting factor in crop production (Hall, 2004). In areas facing food insecurity,
such as Africa, peasants or small-scale farmers have used cowpea for intercropping with
the other main crops such as maize (Zea mays), pearl millet (Pennisetum glaucum) and

sorghum (Sorghum bicolor).

Among the legumes, cowpea is the most extensively grown, distributed and traded food
crop consumed (Agbogidi, 2010a). This is because the crop is of considerable nutritional
and health value to man and livestock (Agbogidi, 2010b). They form a major staple in
the diet in Africa and Asian continents (Awe, 2008). The very early maturity
characteristics of some cowpea varieties provide the first harvest earlier than most other
crops during production period. This is an important component in hunger fighting
strategy, especially in Sub-Saharan Africa where the peasant farmers can experience

food shortage a few months before the maturity of the new crop.

Wide array of legumes are produced in Ghana, but cowpea is preferred on account of its

short life cycle, fodder use and quality. The dry seeds may be boiled and eaten with
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“Gari” (a cassava product). It is also boiled together with rice and a colouring agent to
give “Waakye”. The boiled seeds could also be served with fried ripe plantain (Quaye et
al., 2009). It is also used in preparation of weaning foods. In Ghana and other African
countries like Tanzania and Niger, cowpea is used for preparation of stew that is either
used together with cereal dishes or directly mixed with the cereals as maize, wheat,
sorghum and rice. In Mali, cowpea is boiled and also prepared in traditional dishes
called “Fary” and “Akra”. The young leaves are used to prepare green sauce for different
dishes. During the raining season, farmers can use immature pods to resolve their food

problems before other crops are harvested.

29 EFFECTS OF NITROGEN AND PHOSPHORUS FERTILIZATION ON

COWPEA

2.9.1 Effects of nitrogen (N) on growth and yield of cowpea

The careful use of fertilizer can improve yield of crops (Sharma et al., 1996). Nitrogen is
a major plant nutrient and plays an important role in the plant growth and development
(Taiz and Zeiger, 2006). Although major nitrogen requirement of legumes is met by
biological nitrogen fixing rhizobia soils of tropical Africa including Ghana has a sparse
population of native rhizobia which are ineffective nodulators and inefficient N-fixers
thus there nitrogen fixing ability may be disappointing (Sarkodie-Addo et al., 2006).
Therefore, nitrogen availability to the legumes can be increased either with manual
inoculation or with application of commercial nitrogen fertilizer. The nitrogen not only

improves the yield and yield components of legumes (Baboo and Mishra, 2001) but also
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affects the biological nitrogen fixation (Akter et al., 1998). Nitrogen application to
cowpea plants increased plant growth, dry matter content, yield and its quality as well as
the nutritional value of seeds (Amujoyegbe and Alofe, 2003; Singh et al., 2007). It has
been observed that application of nitrogen fertilizer significantly and positively
influenced the plant height, number of primary and secondary branches per plant of
many legumes (Subhan, 1991; Achakzai et al., 2002b; Togay et al., 2005). Nitrogen is
required by plants in comparatively larger amounts than other elements (Marschner,
1995). Nitrogen deficiency generally results in stunted growth and chlorotic leaves
caused by poor assimilate formation that leads to premature flowering and shortening of
the growth cycle. The presence of N in excess promotes development of the above
ground organs with abundant dark green (high chlorophyll) tissues of soft consistency
and relatively poor root growth. This increases the risk of lodging and reduces the plants
resistance to harsh climatic conditions and to foliar diseases (Lincoln and Edvardo,
2006). Nitrogen (N) fertilizer use has played a significant role in increase of crop yield
(Modhej et al., 2008). Gohari et al. (2010) reported that, the greatest seed yield, 100 seed
weight, number of pods per plant and number of seeds per plant was obtained by the use
of 30 kg/ha nitrogen fertilizer. Nitrogen is an integral component of many compounds,
including chlorophyll and enzymes, essential for plant growth processes. It is an
essential component of amino acids and related proteins. Nitrogen is essential for
carbohydrate use within plants and stimulates root growth and development as well as
the uptake of other nutrients. This element encourages above ground vegetative growth
and gives a deep green colour to the leaves (Brady, 1990). Nitrogen is also important for
plant growth due to its influence on leaf area index and consequently light interception

(Grindlay, 1997). According to Varela and Seif (2004), applying nitrates to soil will
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increase leaf area which invariably increases sunlight interception for a higher rate of
photosynthesis. Increasing the leaf area index will lead to increased light interception
and subsequently increase dry matter production. Therefore, selection of optimum

nitrogen rates is essential for better performance of the cowpea.

2.9.2 Effects of Nitrogen (N) on nodulation and N- fixation of cowpea

Although leguminous crops like cowpea, can fix atmospheric nitrogen with rhizobia,
they require mineral nitrogen as starter dose when grown on deficient soils such as those
of tropical Africa in other to establish the plants during early growth period when
nodules have not stated functioning (Osborne and Riedell, 2006). Nitrogen shortage
early in the life of the plant will adversely affect nodule weight and thus total
nitrogenase activity per plant (Huxley and Summerfield, 1973). Nitrogen application at
either vegetative, flowering or pod filing stage can potentially increase the proportion of
plant N derived from N fixation (Yinbo et al., 1997). Good establishment and vigorous
growth of legumes ensure good development of nodules and thus results in high N
fixation. However, high soil N, particularly mineral N, during initial growth retards
nodule formation (Tewari, 1965). Anne-Sophie Voisin et al. (2002) reported that mineral
N in the soil inhibited symbiotic nitrogen fixation but it was relative to start of

nodulation and N fixation at early vegetative growth at low concentration.

2.9.3 Effects of phosphorus (P) on the growth and yield of cowpea
Phosphorus is a major mineral nutrient required by plants, but is one of the most

immobile, inaccessible, and unavailable nutrients present in soils (Narang et al., 2000). It

19



limits plant growth and productivity on 40 % of the world's arable soil (Vance, 2001).
Phosphorus plays key roles in many plant processes such as energy metabolism, nitrogen
fixation, synthesis of nucleic acids and membranes, photosynthesis, respiration and
enzyme regulation. Phosphorus (P) is an essential macronutrient for legume growth and
function (Ribet and Drevon, 1996). Legumes are phosphorus loving plants; it is required
for the physiological processes of protein synthesis and energy transfer in plants (Oti et
al., 2004). Application of phosphorus has been reported by several authors to improve
yield of cowpea by enhancing number of pods per plant, number of seeds per pod and
mean seed weight (Singh et al., 2011; Owolade et al., 2006; Rajput, 1994). Again,
phosphorus application decreases zinc concentration in the cowpea grain which can
affect the nutritional quality (Buerkert et al., 1998). Moreover, dry matter production is
increased by phosphorus application and its distribution is also affected, for instance,
phosphorus deficient plants usually have more dry matter partitioned to roots than
shoots, probably as a result of higher export rates of photosynthates to roots (Fageria et
al., 2006). Deficiency in phosphorus results in stunted shoot and root growth due to
reduced cell division and reduced cell enlargement. Phosphorus deficiency stimulated
uptake of excess cations over anions by plants and hence enhanced proton release that
could increase acidification which may facilitate P acquisition (Tang et al., 2001). Low
levels of phosphorus (P) in the soil hinder the growth, development and function of
various leguminous species (Okalebo, 2009). It is the most important essential nutrient
for seed production and for formation of healthy and sound root system which is
essential for the uptake of nutrients from the soil (Das et al., 2008). It plays a vital role in
cell division, flowering, fruiting and nodulation. Application of phosphorus is therefore

recommended for cowpea production on soils low in phosphorus.
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Magani and Kuchinda (2009) in assessing effect of phosphorus fertilizer on growth,
yield and crude protein content of cowpea in Nigeria reported that plant height increased
with increasing level of phosphorus compared to the control but was not statistically
significant. This is in contrast with reports of Rajput (1994) and Sharma et al. (2002) on
cowpea and soybean respectively, that increasing levels of phosphorus up to 60 kg/ha
significantly improved plant height. Rajput (1994) reported significant effect of
phosphorus on number of leaves per plant particularly at 50 kg/ha. Magani and
Kuchinda (2009) observed that phosphorus application increased branching in cowpea in
the range of 2.2 - 15.1 branches per plant but was not consistent statistically. They also
indicated that application of phosphorus increased number of leaves per plant in the
range of 22.9 — 297.8 but was not consistent statistically.

Dwivedi et al. (1997) observed that phosphorus influenced crop growth rate and net
assimilation rate with maximum attained at 80 kg/ha. Seyed and Hossein (2011)
indicated that relative growth rate and crop growth rate were highly significantly
different among phosphorus rates of 0, 35 and 70 kg/ha. Bationo et al. (2000) indicated
that application of phosphorus fertilizers can triple cowpea stover production whilst
Singh et al. (2011) reported highest response of stover yield to the application of 60
kg/ha. Olaleye et al. (2012) found that the total cowpea biomass was significantly (p <
0.001) increased by the application of phosphorus. Singh et al. (2011) indicated that P
does not have significant influence on the harvest index of the crop implying that harvest
index is a genetic trait and will only be influenced by varietal differences in the range of
36 % to 40 % which contrasts the findings of Malagi (2005) that harvest index differed
significantly due to different levels of fertilizers with the lowest harvest index noticed

with highest dose of fertilizer (NPK).
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Egle et al. (1999) reported that increasing phosphorus as a fertilizer promotes
reproductive yields and inflorescence production (Besmer and Koide, 1999), particularly
when phosphorus is limiting in natural systems (Feller, 1995). Conversely, limitation of
phosphorus supply has been shown to decrease the production of floral structures (Ma et
al., 2001). Phosphorus deficiency can delay blooming and maturity as reported by Sison
and Margate (1981) that phosphorus application in cowpea shortened the time from

planting to harvesting of green pods and hastened maturity.

2.9.4 Effects of phosphorus (P) on nodulation and nitrogen fixation of cowpea

Application of phosphorus fertilizer to legumes is geared towards enhancing not only
their growth and yield, but also nodulation and nitrogen fixation (Robson and O‘Hara,
1981). Phosphorus plays a key role in the symbiotic N fixation process by increasing top
and root growth, decreasing the time needed for developing nodules to become active
and of benefit to the host legume, increasing the number and size of nodules and the
amount of N assimilated per unit weight of nodules, increasing the percent and total
amount of N in the harvested portion of the host legume, improving the density of
rhizobial bacteria in the soil surrounding the root (Armstrong, 1999). Robson and
O‘Hara (1981) concluded that P nutrition increased symbiotic nitrogen fixation in most
legumes by stimulating host plant growth rather than by exerting specific effects on
rhizobial growth or on nodule formation and function. Symbiotic nitrogen fixation has a
higher P requirement for maximum activity than growth supported by nitrate

assimilation because of the high energy requirement for the reduction of atmospheric

22



nitrogen by nitrogenase system (Rotaru and Sinclair, 2009). P deficiency affects nodule
functioning and host plant growth in legumes (Tsvetkova and Georgiev, 2003).

Ssali and Keya (2012) reported that application of phosphorus increased nodule mass
and nitrogen fixation at all the three stages (i.e. flowering, pod-filling, and physiological
maturity) but the effects of phosphorus were more pronounced at the flowering and pod
filling stages. According to Magani and Kuchinda (2009) phosphorus increases
nodulation in cowpea whilst Fatokun et al. (2002) observed that P fertilizer significantly
enhanced nodule dry weights of the cowpea but nodule number was depressed by
phosphorus which contrasts the assertion of Siddiqui et al. (2007) that before developing
nodules, cowpea depends on phosphorus, which not only helps seedling growth but also
aids early nodulation, leading to optimum growth and biomass production. The
beneficial effect of phosphorus supply is caused by a strong stimulating effect on
nodulation and nitrogen fixation capacity of leguminous plant. Rhizobial activities and
nitrogen fixation without proper fertilization by phosphorus is depressed because it
promotes early root formation and the formation of lateral, fibrous and healthy roots. It
is reported that phosphorus is effectively translocated into grain at high rates, since
phosphorus is necessary for the production of protein, phospholipids and phytin in bean
grain (Rahman et al., 2008). In particular, phosphorus appears essential for both
nodulation and nitrogen fixation. Nodules are strong sinks for phosphorus and range in
phosphorus content from 0.72 to 1.2 %; as a consequence, nitrogen fixation-dependent
plants will require more of this element. Nodulation, nitrogen fixation, and specific

nodule activity are directly related to the P supply (Zahran, 2000).
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2.10 ORIGIN, DISTRIBUTION, CLASSIFICATION AND BOTANY OF MAIZE

Maize belongs to the tribe Maydeae of the grass family Poaceae. It is cultivated globally
being one of the most important cereal crops worldwide (IITA, 1991). The genus Zea
consists of four species of which Zea mays L. is economically important. The other Zea
sp., referred to as teosintes, is largely wild grasses native to Mexico and Central America
(Dubreuil et al., 2006). It has determinate growth habit and the shoot terminates into the
inflorescences bearing staminate flowers. Maize is generally protandrous, that is, the
male flower matures earlier than the female flower. The center of origin of Zea mays has
been established as the Mesoamerican region, now Mexico and Central America
(Matsuoka et al., 2002). It is believed that teosinte (Z. mexicana) is an ancestor of maize
(Warburton et al., 2011), although opinions vary as to whether maize is a domesticated

version of teosinte.

Maize was domesticated in Central Mexico (Matsuoka et al. 2002) between 9,000 and
6,000 years ago (Benz, 2000). Zea mays was introduced into Africa in the 16™ century
from its native Mesoamerica, and now is one of the most widely grown cereal crops in
Africa. Its evolution in Mesoamerica led to diversification into approximately 55 races
(Sanchez et al. 2000).

Maize (Z. mays L.) is a tall, monoecious annual grass with overlapping sheaths and
broad conspicuously distichous blades. Plants have staminate spikelets in long spike-like
racemes that form large spreading terminal panicles (tassels) and pistillate inflorescences
in the leaf axils, in which the spikelets occur in 8 to 16 rows, approximately 30 cm long,

on a thickened, almost woody axis (cob).
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The whole structure (ear) is enclosed in numerous large foliaceous bracts and a mass of
long styles (silks) protrude from the tip as a mass of silky threads (Hitchcock and Chase,
1971). Pollen is produced entirely in the staminate inflorescence. Shed pollen usually
remains viable for 10 to 30 minutes, but can remain viable for longer durations under
favorable conditions (Coe et al., 1988). The ear is produced entirely in the pistillate
inflorescence enclosed in numerous large foliaceous bracts and a mass of long styles
(silks) protrude from the tip as a mass of silky threads (Hitchcock and Chase, 1971).

Maize is wind pollinated and both self and cross pollination is usually possible.

2.11 CLIMATIC AND SOIL REQUIREMENTS OF MAIZE

Maize needs a regular supply of water and suffers badly in times of drought. It requires
rainfall of about 600 — 1,200 mm per annum and this must be well distributed throughout
the year (Awuku et al., 1991). According to these authors, maize needs water
particularly at the time of tasselling and silking. The best maize growing areas in West
Africa have minimum rainfall of 1,000 -1,300 mm per annum, well — distributed during
the growth period (Tweneboah, 2000). According to Tweneboah (2000), certain growth
periods are particularly important if severe reductions in yield are to be avoided. In
particular, the tesselling — to — silking stage is critical because grain formation is initiated
during this short period. Availability of soil moisture at the time of tasselling is therefore
essential for the production of high yields (Tweneboah, 2000). Experiments in a number
of countries have demonstrated that soil moisture deficiency that causes wilting for 1 -2
days during tasselling can reduce yield up to 20 %, and 6 — 8 days of wilting at this

stage can reduce yield by 50 % which cannot be made up by later availability of soil
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moisture either by precipitation or irrigation (Tweneboah, 2000). Maize has two periods
in its growth when inadequate moisture availability can disastrously affect yield. The
first is during establishment, when stand can be substantially reduced because of
inability of seeds to imbibe water against the gradient of soil water potential. Studies
conducted by Rouanet (1987) have shown that maize is particularly sensitive to shortage
of water 30 — 40 days either side of flowering. This stage of the plant growth is also a
critical period. To obtain high yields, it is most important that water deficits do not occur
just prior to tasselling till completion of grain filling. Of all the growth stages, tasselling
is the most sensitive period to water shortage as far as grain yield is concerned (Adjetey,

1994).

Maize tolerates a wide range of environmental conditions but it is essentially suited for
warm climates with adequate moisture. Temperatures of 21 — 30° C are suitable
(Adjetey, 1994). High temperature and low moisture result in pollen being shed before
silk is receptive or death of tassel and drying of silk (Adjetey, 1994). Temperature
strongly influences the development of maize. After seedling emergence, high soil and
air temperatures accelerate leaf appearance (Strulk, 1983) and also advance tassel
initiation. Maximum plant yields are obtained when temperatures of the late vegetative
and reproductive phases are relatively lower than 30° C (Adjetey, 1994). According to
Awuku et al. (1991), maize requires an average temperature of 25° to 30° C. Tweneboah
(2000) stated that the optimum temperature for maize ranges from 18 — 21° C. The
minimum temperature for germination is 10° C. Germination and especially emergence

will be far more rapid and uniform at temperatures above 16° C. At about 20° C, maize
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usually emerges 5-6 days after sowing (Raemaekers, 2001). Reaemaekers (2001) stated
that the critical temperature affecting yield is around 32° C. The aspect of light that
influences maize growth substantially is the amount of light (intensity) received during

the growth period. Maize requires a lot of clear sunshine (Adjetey, 1994).

Maize grows satisfactorily in a variety of soils but requires well-drained, deep loams or
silty loams with high to moderate organic matter and nutrient content and pH 5.5 — 8.0
for best production (Tweneboah, 2000). Adjetey (1994) stated that maize grows on a
wide variety of soils but it prefers deep, fertile, well — drained loam and silty loam soil
with the soil pH not less than 4.5. Maize does not like water —logged or shallow soil.
According to Baffour (1990), maize normally does very well on moist soils and does
badly on pure clayey or sandy soils. The best soils for maize are normally loams and
loamy soils rich in humus (Baffour, 1990). Raemaekers (2001) stated that the ideal soil
for maize is a deep, medium textured, well drained, fertile soil with a high water holding
capacity. Clayey and sandy soils are not conducive for its growth. However, maize is
grown on a wide variety of soils and gives high vyields if the crop is well managed
(Raemaeker, 2001). Maize is quite tolerant of salt during germination; increasing salinity
delays germination but, up to a point it has no detrimental effect on the percentage of
emergence (Raemaekers, 2001). On the whole, maize is considered to be relatively
sensitive to salinity and is not suited for growing in saline soils or irrigation with saline

water (Raemaekers, 2001).
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2.12 IMPORTANCE OF MAIZE

Maize is a widely grown cereal in the tropics (Damsteegt and Igwegbe, 2005). In many
countries including Ghana, maize has become a major cereal staple and an important
component of animal and human diets. It was considered to be the third most important
cereal crop in the world after wheat and rice up to the end of the 1980s (Sleper and
Poehlman, 2006). Currently, maize ranks second in production among the major grain
cereals worldwide but due to a shift in cereal demand, maize is expected to be the

leading cereal surpassing both wheat and rice (Pingali, 2001).

In the developed countries, maize is used primarily as animal feed and secondarily for
production of food and industrial products including starch, sweeteners, and alcohol
(Rosegrant, 2008). In developing countries, maize is often grown as a food crop for
human consumption, as well as for the market, but it is increasingly being used as animal
feed (WABS, 2008). In some developing countries, maize is a food crop of second
choice after wheat or rice, but in Africa and Latin America, maize is usually the staple
crop of first choice. Maize is an important source of carbohydrate, protein, iron, vitamin
B, and minerals. Its grains have great nutritional value as they contain 72 % starch, 10 %
protein, 4.8 % oil, 8.5 % fibre, 3.0 % sugar and 1.7 % ash (Chaudhary, 1983). Zea mays
is the most important cereal fodder and grain crop under both irrigated and rainfed

agricultural systems in the semi-arid and arid tropics (Hussan et al., 2003).

2.13 PRODUCTION STATUS OF MAIZE
The industrialized world still produces and uses more maize than the developing world,

but the trend indicates that by 2020, developing countries will demand more maize than
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the industrialized world as a result of both population growth and increasing
urbanization (Pingali, 2001). Between now and 2050, the demand for maize in the
developing world will double, and by 2025, maize production is expected to be highest
globally, especially in the developing countries (Rosegrant et al., 2009).

It is estimated that 140 million hectares of maize is grown globally and approximately
96 million of that total production area is in developing countries (Pingali and Pandey,
2001). Despite that, only 46 % of the world maize is produced in developing countries.
Low average yield in the developing world is considered one of the causes of the wide
gap between the global share of area and share of production. The Food and Agricultural
Organization reported worldwide average maize productivity at 4 t/ha, but yield in
Africa averages only 1.7 t/ha (FAOSTAT, 2012). In Ghana, average yield in farmer
fields is around 1.6 t/ha (MOFA, 2011). The cropping system used in the USA leads to
yields that are 65 % above the global average (FAOSTAT, 2012). Wide disparities in
climatic conditions (tropical versus temperate) and farming technologies account for the
yield differential between the developed and the developing world (Pingali, 2001). Latin
America and sub-Saharan Africa produce the most tropical maize while temperate

environment production mainly include the USA, China, and Argentina.

2.14 CEREAL- LEGUMES CROPPING SYSTEM IN TROPICAL AFRICA

Interest in the role of annual legumes in the smallholder cropping systems based on
cereals like maize (Zea mays) in Tropical Africa has increased during the last 15 years as
efforts to develop and test sustainable soil fertility improvement options for these

systems have expanded (Waddington et al., 2004). Dual purpose grain legumes, such as
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cowpea are available for human food and for the improvement of soil fertility. These
legumes derive a large proportion of their N needs from biological N-fixation, often
have a relatively low N harvest index, and produce a substantial amount of both grain

and biomass, making them attractive to smallholder farmers (Giller, 2001).

Recycling crop straw by application to the land can supply valuable quantities of plant
nutrients and organic matter to meet crop nutrition requirement and maintain soil fertility
(Prassad et al., 2002). The adoption of legumes into cereal based cropping systems
offers opportunities to increase and sustain productivity and income of smallholder
farmers (Wijnhoud et al., 2003). Incorporation of organic materials in the form of crop

residues enhances the organic carbon level of the soil (Sarkar et al., 1988).

N2-fixing legumes can have a positive impact on soil fertility by enhancing nitrogen
availability and therefore benefiting a cereal crop grown in the subsequent season
(Armstrong et al., 1999). The incorporation of legume residues in cereal production is
known to have improved the nutrient content of the soil, as well as its physical and
chemical properties thereby minimizing cost and reducing dependence on inorganic
fertilizers by farmers. Several studies have shown that some legumes can grow well
before cereal crops, producing large amounts of residues and fixing atmospheric N,
leading to considerable increase in yields of succeeding cereal crops (McDonagh et al.,
1995; Toomsan et al., 2000). Rotation of cereals with legumes has been extensively
studied in recent years. Use of rotational systems involving legumes is gaining

importance throughout the region because of economic and sustainability considerations.
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The beneficial effect of legumes on succeeding crops is normally exclusively attributed
to the increased soil N fertility as a result of N, fixation. The amount of N, fixed by
leguminous crops can be quite high, although it has been demonstrated that legumes can
also deplete soil nitrogen (Rupela and Saxena, 1987). Cereal-legume rotation effects on
cereal yields have been reported (Bagayoko et al., 2000; Bationo et al., 1998; Bationo
and Ntare, 2000). In all these studies, the yield of cereal after cowpea was significantly
higher than in continuous cereal cultivation. Cowpea yield also significantly responded
to crop rotation, indicating that factors other than N alone contributed to the yield
increases in the cereal-legume rotation systems. The role of Nj-fixation by legumes like
cowpea to improve N-availability and soil fertility maintenance has great potential. Crop
sequences where cereals follow legumes often benefit the cereals (Peoples and Craswell,
1992). Research has shown that legume roots, rhizodeposits (Khan et al., 2002) and
residues (Vesterager et al., 2007) are important N pools. The positive added effect of
legumes on following crops may, apart from N provision, include improved control of
pest and disease cycles, improved soil physical properties, increased availability of other
nutrients than N, reduction of phytotoxic and allopathic effects of decomposing cereal
residues (Karlen et al., 1994). Legumes can contribute N to cereal based systems when
their above and below ground residues decompose to supply N to subsequent cereals.
However, in smallholder farming systems, legume crop residues have a high value to
farmers as fodder and or fuel but their immediate value in maintaining soil fertility is
often not perceived (Muhamman and Gungula, 2006).

Intercropping or rotation of cereals with grain legumes (due to their N-fixing abilities)
and crop residue management have been recommended as alternatives to improve cereal

yields in tropical soils. Unfortunately, the full potentials of these management practices
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on cereal yield improvement are not achieved since the grain legumes mobilize most of
their fixed N into the grain which is exported when the grain is harvested. This decline in
soil fertility is/are worsened if the crop residues are not returned into the soil since for
most of the degraded soils in Tropical Africa the only real means of restoration is to
increase their organic matter content in a mulch-based system. The most efficient way of
improving the N content of these soils is to grow legume crops sole in a rotation system
and retain their residue in the field against the following cropping season.

The identification and alleviation of technical and socioeconomic constraints in order to

increase legumes like cowpea in the present cropping systems needs more attention.

2.15 EFFECTS OF RESIDUAL FERTILIZATION

The immediate short-term effects of applied fertilizers are often emphasized to the
neglect of residual effects. Yet when farming is continued on the same site for several
years, residual effects of fertilizer treatments may considerably affect the soil chemical
properties and consequently crop yield (Enwezor et al., 1989). Reviewing the residues of
fertilizers on succeeding crops, Cooke (1970) reported that past manuring with farmyard
manure and fertilizers leaves residues of nitrogen, phosphorus and potassium in soil that
benefit following crops. He further indicated that the residues of inorganic nitrogen
fertilizers usually last only for a season, but the residual effects of continued manuring
with phosphorus and potassium may last for many years. Akande et al. (2003) also
reported an increase in soil available P of between 112 and 115 % and 144 and 153 %
respectively for a two year field trials, after applying rock phosphate with poultry

manure on okra. Akande et al. (2005) further reviewing the effect of rock phosphate
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amended with poultry manure on the growth and yield of maize and cowpea reported
that when rock phosphate application had continued over a period of several years a
large pool of undissolved rock phosphate could accumulate. However, residues of
fertilizers left in the soil often raise yields in ways that are difficult to compare with
fresh fertilizer dressings, sometimes responses to fresh dressings are unaffected by
residues of previous dressings, but usually residues lessen the size of the fresh dressing
needed (Cooke, 1970).

Ofori (1968) found persistent high residual effects in maize on three P- deficient soils in
Ghana when phosphorus was applied at a rate of 14 — 59 kg P/ha in the previous season.
Cooke (1970) showed that when soil contains residues of inorganic nitrogen, larger
maximum Yyields are possible than may be obtained from soil without residues. The
results also showed that dressings of inorganic N fertilizers had large residual effects in
the first year after the dressings stopped but much smaller effects in the second and third
years.

The residual effect of a single dressing of phosphorus and potassium is usually much
smaller than the direct effect the year before and may be too small to measure accurately
in experiments. But the cumulative residual effects of many annual dressings are large
and may be sufficient for normal yields of crops with small additions of fertilizer

(Cooke, 1970).

2.16 QUALITY OF AN ORGANIC CROP RESIDUE
In West Africa, organic residues may play central roles in halting the alarming soil

fertility decline. Organic inputs can have fertilizer equivalency values of 50 to 100 kg
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N/ha (Ladha et al., 1988). While there is significant evidence that the addition of organic
residues (obtained from trees/shrubs and crops) to soils can improve overall soil fertility,
smallholder farmers are increasingly challenged in the selection of appropriate plant
materials for soil nutrient management practices (Partey, 2011). The resource quality of
plant materials varies with the plant species, plant parts and their maturity, so it is
essential that these are known for each plant material. Plant materials are classified by
taxonomic family, genus, and species and whether they are able to nodulate and fix N or
not. The material is further described according to plant part; leaf, stem, root, or stover
and whether the material is fresh or litter.

Crop residues are added to soils as sources of plant nutrients and to improve the physical
properties of the soil. These materials do not contain the same quantity of nutrients. In
fact, incorporating some organic materials into the soil can induce nitrogen deficiencies
in plants (Barbarick, 1993). The composition of the added material determines whether
nitrogen is released for plant growth or tied up in an unavailable form by the

microorganisms that decompose the organic fertilizers (Barbarick, 1993).

Palm (2001) formulated a simple decision tool for managing organic resources. This
system distinguished organic resources based on their chemical characteristics and
decomposition patterns suggesting how each can be managed for short-term nutrient
release within cropping systems (Palm et al., 2001; Vanlauwe et al., 2005). According to
this decision support system, high quality organic residues (generally high in nitrogen
and low in lignin and polyphenols) can be solely incorporated into soils with no N
fertilizer additions while low quality organic residues would have to be applied in

combination with N fertilizers (Palm et al., 2001). The incorporation of low quality
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organic resources with low N concentration and wide C-to-N ratio could result in initial
net N immobilization unless supplementary N is provided through the application of N

fertilizers (Bhupinderpal-Singh and Rengel, 2007).

In Africa, most of the available organic residues have competitive uses and are often low
in nutrient concentrations (Vanlauwe et al., 2005) to be used as sole nutrient sources for
crops. In most parts of the tropics, residues from cereal crops such as maize (Zea mays)
are among the most abundant but low quality organic resources in Sub-Saharan Africa,
which although potential in soil management practices, are often burnt before cropping.
In the past, farmers had complained about delayed decomposition of maize residues
when left on farmlands, which cause N immobilization in the short term (Partey et al.,
2013a). While the application of maize residues with inorganic fertilizers is a viable
option (Smaling et al., 2002), regular application of inorganic fertilizers is seldom
practiced in Sub-Saharan Africa (Mateete et al., 2010) due to several socioeconomic
constraints (Partey et al., 2013b). The low level of fertilizer use will mean that farmers
will continuously crop farmlands without adequate nutrient replenishment. This
therefore necessitates the exploration of suitable high quality organic residues, which

can serve as alternatives to inorganic fertilizers.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 EXPERIMENTAL SITE

Two field studies were conducted on the same plot during the major and minor cropping
seasons of 2014 at the Plantation Section of the Crop and Soil Sciences Department,
Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, from June
to December 2014. Kumasi is situated in the semi-deciduous forest vegetational zone of
Ghana. It is about 356 m above sea level on latitude 06° 43“N and longitude 01° 33“W
(Asiamah, 1998) . According to the classification of Asiamah (1998), the soil at the
experimental site is well drained, sandy loam overlying reddish-brown and gravelly light
clay. It belongs to the Kumasi series, Ferric Acrisol developed over deeply weathered
granite rocks, which according to pre-sowing soil test results, is low in fertility
especially in nitrogen and phosphorus as they were below the critical level reported by

Pam and Brian (2007) (Appendix 1).

3.2 CLIMATE

The rainfall pattern of the area is bimodal with an average annual rainfall of 1422.4 mm.
The major rainy season extends from mid-March to July, with a short dry period in
August, while the minor rainy season extends from September to November, when most
of the rain falls as heavy convectional storms, followed by main dry season from late
November to mid-March. The average relative humidity for 2014 varied from 83.88 %
(09 hours GMT) during the major and minor rainy seasons to 58.42 % (15 hours GMT)
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during the dry season (Metrological Department, KNUST, 2014). Annual average
maximum and minimum temperatures for 2014 were 31.59°C and 22.09° C respectively.
The mean daily maximum and minimum temperatures during the period of the
experiment were 29.01° C and 21.32° C, and 31.85° C and 22.34° C for the major and
minor season, respectively. Total rainfall recorded during the experiment were 466.55
mm and 317.85 mm (major and minor season) and relative humidity varied from 77.84%
(09 hours GMT) to 51.34% (15 hours GMT) during the major season and 83.67% (09
hours GMT) to 59.17% ( 15 hours GMT) during the minor season (Metrological

Department, KNUST, 2014).

3.3 PHYSICAL AND CHEMICAL SOIL ANALYSIS

Soil samples were taken from the experimental site to a depth of 0 — 15 and 15 — 30 cm.
These samples were taken to the laboratory to determine their physical and chemical
properties. The samples were air dried and sieved using a 2 mm mesh sieve and the

following properties were determined.

3.3.1 Organic Carbon
The Walkley-Black wet combustion procedure (Nelson and Sommers, 1982) was used to

determine organic carbon.

3.3.2 Soil pH
This was measured in 1:2.5 soil to water suspension by the use of a glass Electrocalomel

electrode (Mclean, 1962) pH meter.
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3.3.3 Total Nitrogen

The Macro Kjeldahl method described by Bremmer and Mulvaney (1982) was used. A
10 g soil sample (< 2 mm in size) was digested with a mixture of 100 g potassium
sulphate, 10 g copper sulphate and 1 g selenium with 30 mls of concentrated sulphuric
acid. This was followed by distillation with 10 ml boric acid (4 %) and 4 drops of
indicator and 15mls of 40 % NaOH. It was then titrated with Ammonium sulphate
solution. Based on the relation that 14 g of nitrogen is contained in one equivalent

weight of NHg, the percentage of nitrogen in the soil was calculated using the formula:-

14 (A—B) XN X 100
1000 X W

Total N in the sample =

Where,

A = Volume of standard acid used in the titration.

B = Volume of standard acid used in blank titration.
N = Normality of the standard acid.

W = Weight of soil sample used.

3.3.4 Available phosphorous

The Bray-1 test method was used for the determination of phosphorus with dilute acid

fluoride as the extractant (Jackson, 1967).

3.3.5 Exchangeable bases (Ca, Mg, K, Na)

The exchangeable base cations were extracted using ammonium acetate at pH of 7.0.
Calcium and Magnesium were determined using the Ethylene Diamine Tetraacetic Acid
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(EDTA) titration method (Heald, 1965) while potassium and sodium were determined by

the flame photometer method.

3.3.6 Particle size analysis

Particle size was analyzed using the hydrometer method (Bouyoucos, 1962).

3.4 EXPERIMENT ONE: TO EVALUATE THE RESPONSE OF COWPEA TO

NITROGEN AND PHOSPHORUS FERTILIZER APPLICATION.

3.4.1 Land preparation
The land was previously cropped to cassava. The experimental site was cleared by
slashing, ploughed and harrowed with a tractor. It was then levelled and the plots were

laid out using measuring tape, garden line and pegs.

3.4.2 Variety used for the experiment

The Asontem cowpea variety used was obtained from the Crops Research Institute (CRI)
of the Council for Scientific and Industrial Research (CSIR) at Fumesua, Kumasi.
Asontem is an early maturity genotype (65 days) with small seed size, rounded and

brown seed colour.

3.4.3 Experimental design, layout, treatments and planting

The experimental design was a 5 x 4 factorial arranged in randomized complete block,
with three replications (blocks). The experiment consisted of five (5) levels of nitrogen

(Factor A) using urea (46 % N) with four levels of Phosphorus fertilizer (Factor B)
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using triple super phosphate (46 % P,Os). The nitrogen fertilizer levels were: 0, 10, 20,
30 and 40 kg N/ha. The phosphorus fertilizer levels were: 0, 15, 30 and 45 kg P,0s /ha.
The different N and P rates were selected based on the recommendations of 20 kg/ha N
(Osiname, 1978) and 30 kg P,Os /ha (Agboola and Obigbesan, 1977) as the optimum
rates in tropical African soils. Therefore N and P rates below and above the
recommended optimum rates were tested to observe their performances. There were 60
plots, each measuring 4.1x1.9 m with 1m between replications (blocks) and 0.5 m
between plots. Three seeds were planted per hill at 4 to 5 cm deep with 60 cm for inter
row spacing and 20 cm for intra-row spacing. The seedlings were thinned to 2 stands per
hill at 14 days after planting (DAP), corresponding to a population density of 143,774

per hectare. Planting was done on the 17" June, 2014.

3.4.4 Fertilizer application

Fertilizer rate was calculated as mass of fertilizer (g)/ plot and the amount per plot
divided by 7 rows to get the amount applied per row. Fertilizer was applied by side band

placement method at 14 DAP.

3.4.5 Weeding

This was done by hoeing at 13 and 35 DAP.
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3.4.6 Pest management

There were incidences of grass hoppers at vegetative stage and aphids from flowering to
the end of pod filling. Lambda master 2.5 % E.C. [Active ingredients (Lambda-
Cyhalothrin, 9.8 %)] at the rate of 100 ml in 15 L of water using knapsack sprayer, at 10
days interval to control the grass hoppers and other leaf chewing insects, whiles the
aphids were controlled by using sunpyrifos 48 % E.C. [Active ingredients (Chlorpyrifos-

methyl)] at an interval of 7 days at a rate of 50ml to 15 L of water.

3.5 DATA COLLECTION
Sampling for growth analysis was done at 2, 4, and 6 weeks after fertilizer application.
Five consecutive plants from the second row of each plot were tagged for the following

measurements.

3.5.1. Plant height
The plant height was measured from the ground level to the highest tip of the stem for
the five tagged plants. This was done using a meter rule at the various sampling periods,

and the average height calculated for each plot.

3.5.2 Number of leaves
Number of leaves from the tagged plants were counted at the periods indicated above

and the mean calculated for each plot.
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3.5.3 Leaf Area (LA)
Leaf area was estimated by taken the product of the length and breadth at the broadest
point of the longest leaf on each tagged plant and then multiplied by a conversion factor

of 0.75 (Adeoye et al., 2011).

3.5.4 Stem girth
The stem girth was measured at 2 cm above soil level with the aid of a venire calipers

and the average recorded.

3.5.5 Leaf area index (LAI)
Leaf area index (LAI) was determined from LA using instantaneous approach. This was
done by calculating number of plants per one (1) square meter of land (16 plants) for

each plot and the leaf area index was deduced using the equation below:

LAI = Leaf Area of number of plants per meter squre + 1 meter squre of land

3.5.6 Number of Branches
The number of branches of the five tagged plant from each plot were counted at every

sampling period and the average recorded.

3.5.7 Dry matter yield
Five (5) plants per plot at two (2) and four (4) weeks after fertilizer application were

uprooted gently and the root system was removed, the above ground parts were put in
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labeled envelops and oven dry at 80° C for 48 hours. The average dry weight of the

biomass was computed as dry matter yield per plant.

3.5.8 Number of nodules and effective nodules

Number of nodules and effective nodules were collected at two (2) and four (4) weeks
after fertilizer application. Five (5) plants from each plot at each sampling time were dug
out gently, all nodules including detached ones were collected and kept in labelled
polytene bags and sent to the laboratory where they were washed and counted and mean

calculated for each plot.

Fifteen (15) randomly selected nodules were cut opened using a razor and a hand lens to
determine their effectiveness. Nodules with pink or reddish colour were declared
effective and fixing nitrogen, while those with cream to whitish or greenish were
recorded as ineffective (Mpepereki and Makonese, 1998). The percentage effective

nodules were then calculated.

3.5.9 Nodule dry weight
All nodules (effective and ineffective) per plot were kept in labelled envelops and oven
dried at 80° C for 48 hours. Average dry weight of nodules per plant was computed for

each plot.
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3.5.10 Number of pods per plant
Pods from five (5) randomly selected plants in the border rows (as the middle rows were
reserved for yield per hectare data) of each plot were plucked, counted and the average

number of pod calculated.

3.5.11 Number of seeds per pod
The number of seeds per pod was determined by threshing pods from the five randomly
selected plants after oven dried at 80° C for 48 hours. The seeds were counted and

divided by number of pods to obtain mean number of seeds per pod for each plot.

3.5.12 100 Seed Weight
The 100 seed weight was determined by counting 100 seeds from the threshed and oven

dried seeds from each plot. These were weighed to represent the 100-seed weight.

3.5.13 Harvest Index

After shedding the pods of the five plants from each plot, the seeds, chaff and the total
biomass were oven dried at 80°C for 48 hours and dry weight measured. Harvest index
was calculated by using the formula suggested by Donald (1963) and expressed as a

percentage.

H tind Economic yield <100
arvest index =
Total biological yield (Above ground part)
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Where economic yield is seed yield whilst the total biological yield is the summation of

total biomass and seed yield plus pod chaff.

3.5.14 Pod yield per hectare

Pod yield per hectare was determined by harvesting plants from the central 1.44 m?area
of each plot. These were put in labeled envelops, oven dried at 80° C for 48 hours, and
then weighed. The resulting weights, in grams per meter square were then extrapolated

to kg per ha basis.

3.5.15 Seed yield per hectare
The Seed yield per hectare was determined by threshing the pods from the 1.44 m? area
and the clean seeds weighed. The resulting weights, in grams per meter square were then

extrapolated to kg per ha basis.

3.5.16 Total nitrogen content in the cowpea seeds and residues
The oven-dried seeds and residues were ground separately using a micro-hammer mill
and store in an air tight labeled plastic container prior to analysis. Total nitrogen was

determined for grains and residues separately.

The Macro Kjeldahl method described by Bremmer and Mulvaney (1982) was used. A 2
g each for seeds and residues were weighed and digested with a mixture of 100g
potassium sulphate, 10 g copper sulphate and 1 g selenium with 30 mls of concentrated
sulphuric acid. This was followed by distillation with 10ml boric acid (4 %) and 4 drops

of indicator and 15mls of 40 % NaOH. It was then titrated with Ammonium sulphate
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solution. Based on the relation that 14g of nitrogen is contained in one equivalent weight
of NHs, the percentage of nitrogen in the seeds and residues were calculated using the

formula:-

14(A—B) xN x 100
1000 xW

Total N in the sample =

Where,

A = Volume of standard acid used in the titration.
B = Volume of standard acid used in blank titration.
N = Normality of the standard acid.

W = Weight of soil sample used.

3.5.17 Crude protein content of cowpea seeds
The nitrogen content of the seeds from each plot was multiplied by a conversion factor

of 6.25 to determine the crude protein content of the seeds (Okwu et al., 2006).
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3.6 EXPERIMENT TWO: TO DETERMINE THE EFFECT OF RESIDUAL

FERTILITY ON SUCCEEDING MAIZE GROWTH AND YIELD.

3.6.1 Land preparation
The plots were left intact after the first experiment while the land was manually cleared
of weeds and debris. All the cowpea residues including empty pods were left on each

plot after harvest. No tillage operation was done.

3.6.2 Variety used for the experiment
The Abontem maize variety used was obtained from the Crops Research Institute (CRI)
of the Council for Scientific and Industrial Research (CSIR) at Fumesua, Kumasi.

Abontem is an early maturity genotype (75 days) with yellow seed colour.

3.6.3 Planting

Planting was done on the 8" September, 2014. Three seeds were planted per hill at 4 to 5
cm deep with 70 cm for inter row spacing and 30 cm for intra- row spacing. The
seedlings were thinned to 2 stands per hill at 14 days after planting (DAP),

corresponding to a population density of 107,830 per hectare.

3.6.4 Weeding

This was done once by hoeing at 35 DAP.
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3.6.5 Pest management
There were incidences of stem borers from the early vegetative stage to tasselling. These
were minimized using sunpyrifos [Active ingredients (Chlorpyrifos-methyl)] at an

interval of 7 days and at a rate of 50ml to 15 L of water.

3.7 DATA COLLECTION
Sampling for growth indices was done at 25, 45, and 65 DAP. Five consecutive plants

from the second row of each plot were tagged for the following measurements.

3.7.1. Plant height
The plant height was measured from the ground level to the apical portion of the stem.
This was done with the use of a meter rule at the various sampling periods and the

average height calculated for each plot.

3.7.2 Number of leaves
Number of leaves from the tagged plants were counted at the periods indicated above

and the mean calculated for each plot.

3.7.3 Leaf Area (LA)
Leaf area was estimated by taken the product of the length and breadth at the broadest
point of the longest leaf on each tagged plant and then multiplied by a conversion factor

of 0.75 (Adeoye et al., 2011).
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3.7.4 Stem girth
The stem girth was measured at 2 cm above soil level with the aid of a venier calipers

and the average recorded for each plot.

3.7.5 Dry matter yield
Five (5) plants each per plot was harvested at 25, 45 and 65 DAP at ground level and
separated into stems and leaves. The various plant parts were put in different labeled

envelops and oven dried at 80° C for 48 hours in each sampling time.

The average dry matter per plant was determined by weighing each part and the average

dry weight was computed for each plot.

3.7.6 Mean number of cobs per plant
Five random plants were collected from the border rows, the cobs in these plants were

counted and the average number of cobs was determined for each plot.

3.7.7 Number of grains per cob
Five (5) cobs were selected at random from each plot. The number of grains in five (5)
rows was counted, an average calculated and multiplied by the number of rows on the

cob. The mean number of grains per cob for each plot was then computed.
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3.7.8 1000-grain weight
The 1000 grain weight was determined by counting 1000 grains from the threshed cobs
which have been oven dried at 80° C to constant weight. These were weighed to

represent the 1000-grain weight for each plot.

3.7.9 Grain yield
The grain yield per hectare was determined by threshing all the cobs from an area of
2.10 m? and the clean grains were weighed. The resulting weights, in grams per meter

square were then extrapolated to kg per ha basis.

3.7.10 Harvest Index
After harvest, the five randomly selected plants in the border rows were oven dried at
80° C to constant weight. Harvest index was calculated by using the formula suggested

by Donald (1963) and expressed as a percentage.

Economic yield
Harvest index = . . . ¥ 100
Total biological yield (Above ground part)

Where economic yield is seed yield of the 5 plants whilst the total biological yield is the

summation of total biomass and seed yield plus cobs.
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3.8 DATA ANALYSIS
All the data collected were subjected to analysis of variance (ANOVA) using GenStat
statistical package. The treatment means were compared using the Least Significant

Difference (LSD) at 5 % level of probability.
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CHAPTER FOUR

4.0 RESULTS

4.1 RESULTS OF EXPERIMENT ONE

4.2 PLANT HEIGHT

Table 4. 1: Effects of N and P rates on plant height of cowpea in three sampling
periods.

Plant height (cm)

Treatments 2 WAFA 4 WAFA 6 WAFA
N rates (kg/ha)

0 20.17 151.30 181.90
10 19.97 144.70 183.10
20 19.43 143.90 173.30
30 20.77 157.40 172.60
40 21.35 155.70 184.00
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 20.57 149.80 171.40
15 20.40 148.70 182.40
30 20.52 153.80 182.30
45 19.86 150.10 179.90
LSD (5%) NS NS NS
CV (%) 12.5 11.7 6.7

NS = not significant. WAFA = Weeks after fertilizer application
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The results of plant height for three sampling periods during the experiment are
presented in Table 4.1. Nitrogen and phosphorus rates did not significantly affect (P >

0.05) cowpea plant height at all the sampling periods.

4.3 NUMBER OF LEAVES

Table 4. 2: Effects of N and P rates on leaf number of cowpea in three sampling
periods.

Leaf number

Treatments 2 WAFA 4 WAFA 6 WAFA
N rates (kg/ha)

0 9.20 23.77 34.73
10 8.80 21.52 35.60
20 9.15 21.22 34.25
30 8.95 24.27 36.83
40 9.15 23.12 36.93
LSD (5%) NS NS NS
P rates (kg P,Os/ha)

0 8.81 21.79 35.33
15 9.16 22.13 35.41
30 9.29 24.15 34.56
45 8.93 23.04 37.37
LSD (5%) NS NS NS
CV (%) 16.6 21.1 10.3

NS = not significant. WAFA = Weeks after fertilizer application
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Table 4.2 showed the number of leaves per plant as influenced by N and P rates over

three sampling periods. Leaf number per plant was not significantly (P > 0.05) affected

by N and P rates on all sampling occasions.

4.4 LEAF AREA (LA)

Table 4. 3: Effects of N and P rates on leaf area of cowpea over three sampling

periods.

Leaf area (cm?)
Treatments 2 WAFA 4 WAFA 6 WAFA
N rates (kg/ha)
0 30.62 39.82 54.93
10 28.73 41.93 54.27
20 28.90 39.84 53.17
30 29.35 40.17 54.56
40 32.52 40.65 53.23
LSD (5%) NS NS NS
P rates (kg P,Os/ha)
0 29.41 38.11 51.94
15 28.90 41.07 54.80
30 31.62 41.34 53.20
45 30.17 41.41 56.19
LSD (5%) NS NS NS
CV (%) 13.4 10.0 9.3

NS = not significant. WAFA = Weeks after fertilizer application
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Results of leaf area per plant recorded at different growth stages are shown in Table 4.3.
The leaf area did not differ significantly (p > 0.05) by nitrogen and phosphorus fertilizer

application at all the sampling times.

4.5 LEAF AREA INDEX (LAI)

Table 4. 4: Effects of N and P rates on leaf area index of cowpea in three sampling
periods.

Leaf area index

Treatments 2 WAFA 4 WAFA 6 WAFA

N rates (kg/ha)

0 4.901 6.373 8.791
10 4.597 6.712 8.683
20 4.624 6.374 8.507
30 4.694 6.429 8.523
40 5.191 6.504 8.516
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 4.705 6.099 8.311

15 4.623 6.575 8.767

30 5.049 6.615 8.511

45 4.827 6.626 8.826

LSD (5%) NS NS NS

CV (%) 13.5 10.0 8.3

NS = not significant. WAFA = Weeks after fertilizer application
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Results of leaf area index as affected by nitrogen and phosphorus fertilizer application
are presented in Table 4.4. The leaf area index did not differ significantly (P > 0.05) with

nitrogen and phosphorus fertilizer application at all the sampling periods.

4.6 NUMBER OF BRANCHES

Table 4. 5: Effects of N and P rates on number of branches of cowpea in three
sampling periods.

Number of branches
Treatments 2 WAFA 4 WAFA 6 WAFA

N rates (kg/ha)

0 1.850 3.967 7.920
10 1.870 3.967 7.400
20 1570 3.900 7.530
30 1.800 4.000 7.730
40 2.080 3.983 7.970
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 1.650 3.960 7.790

15 1.830 3.907 7.330

30 1.960 3.840 7.510

45 1.890 4.147 8.210

LSD (5%) NS NS NS

CV (%) 43.9 16.1 11.6

NS = not significant. WAFA = Weeks after fertilizer application
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Results of the number of branches per plant at varying sampling times during the
experiment are presented in Table 4.5. Number of branches per plant was not affected by

N and P rates at all the sampling periods.

4.7 STEM GIRTH

Table 4. 6: Effects of N and P rates on stem girth of cowpea in three sampling
periods.

Stem girth (cm)
Treatments 2 WAFA 4 WAFA 6 WAFA

N rates (kg/ha)

0 0.328 0.538 0.823
10 0.313 0.553 0.865
20 0.305 0.563 0.827
30 0.328 0.635 0.885
40 0.335 0.567 0.888
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 0.319 0.549 0.868
15 0.332 0.579 0.871
30 0.321 0.605 0.827
45 0.316 0.552 0.865
LSD (5%) NS NS NS
CV (%) 18.9 19.9 7.1

NS = not significant. WAFA = Weeks after fertilizer application
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Results of stem girth per plant at 2, 4 and 6 weeks after fertilizer application are
presented in Table 4.6. Stem girth per plant was not significantly (p > 0.05) affected by

N and P rates at all the sampling periods.

4.8 SHOOT DRY MATTER

Table 4. 7: Effects of N and P rates on shoot dry matter yield of cowpea in two
sampling periods.

Shoot dry matter (g)
Treatments 2 WAFA 4 WAFA
N rates (kg/ha
0 2.836 10.750
10 2.433 11.180
20 2.726 10.630
30 2.727 12.870
40 2.87 12.200
LSD (5%) NS NS
P rates (kg P,Os/ha)
0 2.771 10.650
15 2.653 11.620
30 2.726 11.700
45 2.728 12.130
LSD (5%) NS NS
CV (%) 26.4 30.8

NS = not significant. WAFA = Weeks after fertilizer application
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Table 4.7 showed result of nitrogen and phosphorus fertilizer application on shoot dry
matter per plant. Nitrogen and phosphorus fertilizer application had no significant effect

(P > 0.05) on shoot dry matter yield at all sampling periods.

4.9 NODULATION PARAMETERS

Table 4. 8: Influence of nitrogen and phosphorus levels on number of nodules,

effective nodules and dry weight of nodules per plant at 2 and 4 WAFA.

Number of nodules Effective nodules (%)  Nodule dry weight (g)
Treatments 2 WAFA 4WAFA 2WAFA 4WAFA 2WAFA 4 WAFA

N rates (kg/ha)

0 17.88 25.02 80.00 85.00 0.008 0.051
10 17.57 20.32 66.70 90.00 0.005 0.031
20 17.40 19.78 88.30 78.30 0.007 0.032
30 18.18 17.73 76.70 81.70 0.005 0.029
40 19.28 18.73 73.30 71.70 0.010 0.032
LSD (5%) NS 3.94 NS NS NS NS
P rates (kg P,Os/ha)

0 16.99 17.81 69.30 76.00 0.007 0.028
15 18.31 18.92 77.30 70.70 0.005 0.030
30 16.31 20.55 82.70 90.70 0.007 0.036
45 20.65 23.99 78.70 88.00 0.010 0.046
LSD (5%) NS 3.52 NS NS NS NS
CV (%) 269 235 37.1 33.4 89.1 57.4

NS = not significant. WAFA = Weeks after fertilizer application
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Results on number of nodules per plant, effective nodules per plant and nodule dry
weight per plant as influenced by nitrogen and phosphorus fertilizer application at two

sampling periods are presented in Table 4.8.

At the first sampling period, that is at 2 weeks after fertilizer application both nitrogen
and phosphorus rates did not significantly (P > 0.05) affect nodule number per plant.
However at 4 weeks after fertilizer application, nodule number was significantly (P <
0.05) affected by both nitrogen and phosphorus fertilizer rates. Nodule number was
nearly successively decreased with increasing level of nitrogen. The 0 kg N/ha nitrogen
treatment produced the greatest number of nodule per plant (25.02) which was
significantly higher than all the other treatments and the least number of nodules was
produced by the 30 kg/ha N treatment (17.73). All other treatment differences were not

significant.

Among the P treatments, number of nodules was greatest in the 45 kg P/ha treatment and
this was significantly higher than the control and 15 kg P/ha treatment effects only. All

other treatment effects were similar.

Percentage nodule effectiveness was neither affected by nitrogen levels nor by
phosphorus rates for both sampling times as shown in Table 4.8. Similarly, nodule dry
weight did not show significant (P > 0.05) effect due to nitrogen and phosphorus

fertilizer application at all the sampling times.
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4.10 YIELD COMPONENTS.

The results of number of pods per plant, number of seeds per pod and 100 seed weight
are presented in Table 4.9. N and P rates did not significantly (P > 0.05) affect all the

components of yield measured in the study.

Table 4. 9: Effects of N and P rates on yield components of cowpea.

Treatments No. of pods/ plant No. of seeds/ pod 100 seed weight (g)

N rates (kg/ha)

0 9.45 14.61 15.30
10 7.07 14.78 15.47
20 8.08 14.71 15.22
30 9.40 1457 15.41
40 9.78 14.45 15.03
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 8.36 14.56 15.30
15 8.43 14.59 15.10
30 9.40 14.41 15.51
45 8.84 14.93 15.24
LSD (5%) NS NS NS
CV (%) 313 7.3 3.3

NS = not significant.
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4.11 HARVEST INDEX, POD YIELD AND GRAIN YIELD.
The results of harvest index, pod yield and grain yield are presented in Table 4.10. N and

P rates effect was not significant (P > 0.05) for these parameters.

Table 4. 10: Effects of N and P rates on harvest index, pod and grain yield of

cowpea.

Treatment Harvest index (%) Pod yield (kg/ha) Grain yield (kg/ha)

N rates (kg/ha)

0 45.78 2025 1541
10 39.38 1843 1407
20 42.53 1545 1194
30 41.98 2047 1557
40 43.63 1930 1482
LSD (5%) NS NS NS

P rates (kg P,Os/ha)

0 44.28 1848 1409
15 42.19 1862 1416
30 43.69 1863 1436
45 40.48 1939 1484
LSD (5%) NS NS NS

CV (%) 13.4 27.7 27.2

NS = not significant
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4.12 SEED N, RESIDUE N, PLANT TOTAL N AND SEED CRUDE PROTEIN
CONTENT

Results of % total seed N, % total residue N, % plant total N and % seed crude protein
content as affected by nitrogen and phosphorus fertilizer application are presented in
Table 4.11.

Cowpea seed N was greatest in the 30 kg N/ha treatment and this was significantly
higher than all other treatment effects, except that of the 20 kg N/ha treatment. The
control treatment effect was significantly lower than all other treatment effects. P
application did not significantly (P > 0.05) affect seed N in cowpea.

N and P application did not significantly (P > 0.05) affect cowpea residue N content.
Total plant N was significantly affected by N application (Table 4.11). Total plant N was
greatest following application of 30 kg N/ha, but this was significantly higher than the
control and 40 kg N/ha treatment effects only. The control treatment effect was
significantly lower than all other treatment effects. P application, on the other hand did
not affect cowpea total plant N content.

Seed crude protein content was greatest in the 30 kg N/ha treatment, which was
significantly higher than all other treatment effects, except that of the 20 kg N/ha
treatment only. The control treatment effect was significantly lower than those of all
other treatment effects, except that of the 10 kg N/ha treatment. All other treatment
differences were not significant. P application did not significantly affect seed crude

protein content.
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Table 4. 11: Effects of N and P rates on seed nitrogen, residue nitrogen, total plant
nitrogen and seed crude protein content of cowpea

Treatments Seed N (%) Residue N (%)  Total plant N Seed crude
(%) protein (%)
N rates (kg/ha)
0 3.46 1.34 4.81 21.65
10 3.61 1.50 5.11 22.58
20 3.69 1.40 5.10 23.12
30 3.82 151 5.34 23.93
40 3.61 1.47 5.09 22.60
LSD (5%) 0.15 NS 0.24 0.94

P rates (kg P,Os/ha)

0 3.64 1.47 5.12 22.81
15 3.56 1.39 4.96 22.30
30 3.70 1.40 5.11 23.17
45 3.65 1.52 5.17 22.82
LSD (5%) NS NS NS NS
CV (%) 5.0 15.7 5.8 5.0

NS = not significant.

4.13 RESULTS OF EXPERIMENT TWO

4.14 PLANT HEIGHT
The results of plant height for three sampling periods during the experiment are
presented in Table 4.12. Residual nitrogen and phosphorus fertilizer did not significantly

affect (P > 0.05) maize plant height at all the sampling periods.
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Table 4. 12: Effects of residual N and P on plant height of maize in three sampling

periods.

Plant height (cm)
Treatments 25 DAP 45 DAP 65 DAP

Residual N rates (ka/ha)

0 75.87 167.80 225.10
10 80.98 175.70 230.30
20 79.72 168.60 226.80
30 78.80 173.50 229.70
40 76.09 165.60 225.80
LSD (5%) NS NS NS

Residual P rates (kg P,Os/ha)

0 76.17 166.30 225.50
15 77.55 168.90 232.50
30 79.66 169.80 222.60
45 79.77 175.90 229.60
LSD (5%) NS NS NS
CV (%) 7.6 8.8 4.4

NS = not significant. DAP = Days after planting

4.15 NUMBER OF LEAVES

Table 4.13 shows the number of leaves per plant as influenced by residual N and P over
three sampling periods. Leaf number per plant was not significantly (P > 0.05) affected

by residual N and P rates on all sampling occasions.
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Table 4. 13: Effects of residual N and P on leaf number of maize in three sampling

periods.

Leaf number
Treatments 25 DAP 45 DAP 65 DAP

Residual N (kg/ha)

0 7.467 9.517 10.800
10 7.533 10.217 11.133
20 7.683 9.783 10.383
30 7.733 10.017 10.883
40 7.533 9.833 10.967
LSD (5%) NS NS NS

Residual P rates (kg P,Os/ha)

0 7.400 9.827 10.987
15 7.813 9.987 10.800
30 7.547 9.947 10.827
45 7.600 9.733 10.720
LSD (5%) NS NS NS
CV (%) 8.0 6.0 5.8

NS = not significant. DAP = Days after planting

4.16 LEAF AREA (LA)

Results of leaf area per plant recorded at different growth stages are shown in Table
4.14. The leaf area did not differ significantly (P > 0.05) by residual nitrogen and

phosphorus fertilizer at all the sampling times.
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Table 4. 14: Effects of residual N and P on leaf area of maize in three sampling

periods.

Leaf area (cm?)
Treatments 25 DAP 45 DAP 65 DAP
Residual N rates (kg/ha)
0 199.10 486.10 544.70
10 227.50 504.90 564.30
20 209.10 498.20 540.10
30 212.00 503.80 555.10
40 200.50 465.80 528.80
LSD (5%) NS NS NS
Residual P rates (kg P,Os/ha)
0 199.50 486.00 556.40
15 209.40 496.30 545.70
30 211.50 484.60 534.80
45 218.00 500.10 549.40
LSD (5%) NS NS NS
CV (%) 14.0 8.2 7.2

NS = not significant. DAP = Days after planting

4.17 STEM GIRTH
Results of stem girth per plant at 25, 45 and 65 days after planting are presented in Table
4.15. Stem girth per plant was not significantly (P > 0.05) affected by residual N and P

rates at all the sampling periods.
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Table 4. 15: Effects of residual N and P on stem girth of maize in three sampling

periods.

Stem girth (cm)
Treatments 25 DAP 45 DAP 65 DAP

Residual N rates (kg/ha)

0 0.760 1.465 1.618
10 0.808 1.510 1.712
20 0.743 1.462 1.610
30 0.797 1.535 1.653
40 0.740 1.435 1.690
LSD (5%) NS NS NS
Residual P rates (kg P,Os/ha)

0 0.713 1.467 1.649
15 0.769 1.477 1.705
30 0.783 1.451 1.601
45 0.813 1.531 1.671
LSD (5%) NS NS NS
CV (%) 16.1 9.5 9.7

NS = not significant. DAP = Days after planting

4.18 TOTAL SHOOT DRY MATTER
Table 4.16 shows result of residual nitrogen and phosphorus fertilizer on total shoot dry
matter yield per plant. Residual nitrogen and phosphorus fertilizer had no significant

effect (P > 0.05) on total shoot dry matter yield at all sampling periods.
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Table 4. 16: Effects of residual N and P on total shoot dry matter yield of maize in

three sampling periods

Total shoot dry matter (g)

Treatments 25 DAP 45 DAP 65 DAP
Residual N rates (kg/ha)

0 2.79 28.98 59.80
10 3.63 34.73 72.00
20 3.02 30.12 56.90
30 3.01 30.46 64.10
40 2.75 31.44 62.90
LSD (5%) NS NS NS
Residual P rates (kg P,Os/ha)

0 2.83 29.07 53.90
15 3.09 32.63 66.10
30 3.05 30.89 65.80
45 3.19 32.00 66.80
LSD (5%) NS NS NS
CV (%) 24.9 21.0 23.0

NS = not significant. DAP = Days after planting

4.19 LEAF DRY MATTER
Leaf dry matter as affected by residual N and P fertilizer is presented in Table 4.17. At
all the sampling periods, leaf dry matter was not significantly affected (P > 0.05) by

residual nitrogen and phosphorus fertilization.
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Table 4. 17: Effects of residual N and P on leaf dry matter of maize in three

sampling periods.

Leaf dry matter (g)
Treatments 25 DAP 45 DAP 65 DAP
Residual N rates (kg/ha)
0 2.05 12.63 23.76
10 2.57 14.13 26.71
20 2.19 11.52 23.48
30 2.16 12.43 23.93
40 1.96 13.29 22.14
LSD (5%) NS NS NS
Residual P rates (kg P,Os/ha)
0 2.09 12.57 22.77
15 2.19 13.13 24.10
30 2.17 12.63 24.51
45 2.29 12.86 24.62
LSD (5%) NS NS NS
CV (%) 26.2 21.8 20.0

NS = not significant. DAP = Days after planting

4.20 STEM DRY MATTER

Residual fertility did not significantly affect maize stem dry weight (Table 4.18).
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Table 4. 18: Effects of residual N and P on stem dry matter of maize in three

sampling periods.

Stem dry matter (g)
Treatments 25 DAP 45 DAP 65 DAP

Residual N rates (kg/ha)

0 0.73 16.35 23.60
10 1.02 20.60 26.50
20 0.82 18.60 22.10
30 0.84 18.04 26.00
40 0.79 18.16 26.90
LSD (5%) NS NS NS

Residual P rates (kg P,Os/ha)

0 0.70 16.49 23.20
15 0.89 19.50 25.30
30 0.88 18.26 24.70
45 0.89 19.14 26.80
LSD (5%) NS NS NS

CV (%) 30.7 24.0 336

NS = not significant. DAP = Days after planting

4.21 YIELD COMPONENTS

The results of number of cobs per plant, number of seeds per cob and 1000 grain weight
are presented in Table 4.19. Residual N and P fertilization did not significantly (P >

0.05) affect all the components of yield measured in the study.
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Table 4. 19: Effects of residual N and P rates on yield components of maize

Treatments No. of cobs/ plant No. of seeds/ cob 1000 grain weight
()
Residual N rates (kg/ha)
0 1.06 377.70 174.80
10 1.08 381.70 167.00
20 1.08 371.40 167.80
30 1.05 368.80 173.50
40 1.05 355.20 184.00
LSD (5%) NS NS NS
Residual P rates (kg P,Os/ha)
0 1.02 369.20 165.50
15 1.02 379.80 173.50
30 1.13 354.70 176.50
45 1.08 380.20 178.20
LSD (5%) NS NS NS
CV (%) 11.8 18.6 9.4

NS = not significant

4.22 HARVEST INDEX AND GRAIN YIELD.
The results of harvest index and grain yield are presented in Table 4.20. Residual N and

P fertilizer effect was not significant (P > 0.05) for these parameters.
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Table 4. 20: Effects of residual N and P rates on harvest index and grain yield of

maize.

Treatments Harvest index (%) Grain yield (kg/ha)

Residual N rates (kg/ha)

0 43.48 2505.00
10 44.10 2733.00
20 45.35 2667.00
30 43.82 2714.00
40 44.20 2562.00
LSD (5%) NS NS

Residual P rates (kg P,Os/ha)

0 42.01 2351.00
15 44.86 2760.00
30 45.42 2521.00
45 44.46 2913.00
LSD (5%) NS NS
CV (%) 10.0 255

NS = not significant.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 DISCUSSION OF EXPERIMENT ONE

5.1.1 Effect of N and P fertilizer application on growth and dry matter yield of
cowpea

The result obtained from this study in terms of growth and dry matter yield of cowpea
reveals that different rates of nitrogen fertilizer application had no significant effect on
the growth and dry matter yield of cowpea. The non responsiveness to nitrogen
application rates observed in this study for these parameters confirms that the nitrogen
fixing ability of the crop can satisfy the crop’s nitrogen requirement (Singh, 1997) and
that legumes seeded fields do not need nitrogen fertilization (Smith et al., 1986). This
result, however, contradicts those of Dart et al. (1997) and Minchin et al. (1981). The
non significant effects on growth and dry matter yield as a result of nitrogen application
in the present study might also be due to the already available soil N (Appendix 1) which
could have been adequate for cowpea growth so no positive response was shown by the
plants in growth and dry matter production. However, in soils very low in nitrogen
contents it has been reported that cowpea hardly satisfies their nitrogen requirements,
and thus the recommendations of 5-10 kg N/ha and 20 kg N/ha basal application for
good growth and yield of cowpea without compromising nodulation and N-fixation have

been suggested (Atkins, 1986; Osiname, 1978).
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Phosphorus fertilizer application had no significant effect on the growth and dry matter
production at all the sampling times. The result is in line with reports of FPDD (2002),
but contradicts reports of Uzoma et al. (2006), Okeleye and Okelana (1997), Owolade et
al. (2006), Bationo et al. (2000), Singh et al. (2011), Olaleye et al. (2012), Magani and
Kuchinda (2009) who reported increase in cowpea growth and dry matter yield
following P application. The low response might be due to the fact that phosphorus
fertilizers are slow release of nutrients for plant uptake for growth. Another possible
explanation for this might be due to the process of P fixation which might have limits the
use of the applied P by the plants. P has the tendency to be fixed in the soil into forms
unavailable for plant use. Olusola (2009) reported that plant will only take up about 15-

30 % of applied P while about 60 % of the P fertilizer is adsorbed or fixed by the soil.

5.1.2 Effect of N and P fertilizer application on nodulation parameters of cowpea

Application of nitrogen was observed to have a significant (P < 0.05) influence on
number of nodules/plant. Nitrogen application rates did not significantly (P > 0.05)
affect number of nodules at two weeks after fertilization, but it did significantly (P <
0.05) affect number of nodules at 4 weeks. Number of nodules was depressed by
increasing application of nitrogen fertilizer as recorded in Table 4.8. Many studies have
been performed to test the effect of nitrogen on root nodulation. However, it is generally
accepted that when sufficient levels of nitrogen are present in the soil, nodulation is
inhibited (Gentili and Huss-Danell, 2002; Laws and Graves, 2005). In the present study,
nitrogen application rates depressed nodulation only at 4 WAFA, but did not affect

nodulation in the previous sampling date. This finding contradicts the report of Atkins
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(1986) that application of 5-10 kg N/ha is necessary for early vegetative growth so that
nodulation is enhanced at latter stages of growth. The results suggest that the inhibiting
effect of nitrogen on nodulation is a gradual process, and that the degree of suppression

could be more during the latter periods of growth.

Percent nodule effectiveness was not significantly affected by nitrogen rates at all the
sampling periods. Although nodule number at 2 weeks after fertilizer application was
numerically higher in the 40 kg N/ha treatment, but it did not necessarily produce the
greatest number of effective nodules. In the same vein at 4 weeks after fertilizer
application, the control N treatment (0 kg N/ha) numerically produced the greatest
number of nodules but did not produce the greatest number of effective nodules. This
could be due to the fact that some fixing bacteria are effective in nodule production but
inefficient in N fixation. There are several cases where it has been reported that effective
nodulation did not result in efficient N fixation (Sarkodie-Addo, 1991; Blair, 1989).
Indeed Giller (2001) reported that the ability to form nodules is not enough to obtain an

effective N fixation symbiosis.

Nodule dry weight results showed that the treatment (40 kg N/ha) which produced
numerically the greatest nodule number produced the greatest nodule dry weight at 2
WAFA. Similarly, at 4 WAFA the control treatment which produced the greatest
number of nodules had the greatest nodule dry weight and that with the lowest (30 kg
N/ha) nodule number produced the lowest nodule dry weight. The indication of these
results is that most of the treatments that produced more nodules also had the tendency

to produce larger nodules thereby resulting in greater weight. This result is contradicting
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those reported by Blair (1989) and Sarkodie-Addo (1991) who found a negative

correlation between nodule numbers and nodule dry weights.

The different levels of phosphorus had an effect on the nodule numbers and the result
obtained was significant only at 4 WAFA (Table 4.8). The cowpea responded to the
various P rates applied with the control (0 kg P,Os/ha) having the least nodule number
followed by 15 kg P,Os/ha, 30 kg P,Os/ha, and 45 kg P,Os/ha respectively having the
greatest number of nodules. In general, increasing the rate of phosphorus application
increased the number of nodules on cowpea roots. This was in agreement with the report
of Armstrong (1999) who noted that increasing P increased the number of nodules on
cowpea roots but contradicts Tewari (1965). Significant increase in nodulation was also
observed by Olaleye et al. (2011) following P application. P is known to initiate nodule
formation as well as influence the efficiency of the rhizobium-legume symbiosis thereby

enhancing nitrogen fixation (Haruna and Aliyu, 2011).

Nodule dry weight results (Table 4.8) showed that the treatment (45 kg P,Os/ha) which
produced numerically the greatest nodule number also produced the greatest nodule dry
weight at 2 WAFA. In effect, at 4 weeks after fertilizer application, there was a clear
distinct increase in both nodule number and nodule dry weight in which dry weight of
nodules systematically numerically increased with increasing nodule number. The
treatment (45 kg P,Os/ha) which produced the greatest number of nodules had the
greatest nodule dry weight and that with the lowest (0 kg P,Os/ha) nodule number

produced the lowest nodule dry weight. The indication of these results is that treatments
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that produced more nodules also produced larger nodules thereby resulting to greater
weight. This result is contradicting those reported by Blair (1989) and Sarkodie-Addo
(1991) who found a negative correlation between nodule numbers and nodule dry
weights. However, nodule dry weight results at all the sampling periods showed no
significant difference among each other with respect to the various P rates which
contradicts the result of Armstrong (1999) who reported significant increase in nodule

dry matter following P application.

5.1.3 Effects of N and P fertilizer application on yield components, harvest index
and yield of cowpea

All the yield parameters, harvest index, pod yield and consequently grain yield were not
significantly affected at 5 % significant level as a result of nitrogen fertilizer application.
The result agrees with the report of IITA (1975) that cowpea plants dependent on
symbiotically fixed N gave seed yields the same as those plants relying on applied N, but
contradicts that which was reported by Abayomi et al. (2008) and Minchin et al. (1981).
The results of this study suggest that the biological nitrogen fixation process can cater

for the N needs of cowpea crop if effective symbiosis is established.

No significant effect (P > 0.05) was observed in the components of yield due to different
rates of phosphorus fertilizer application. The results obtained in this study contradict
those of Singh et al. (2011), Owolade et al. (2006) and Rajput (1994) who reported
significant effects of P on 100 seed weight, number of pods per plant and number of

seeds per pods. However, in all these studies higher rates of P were used as compared to
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the present study. Legumes have been reported to have high P requirement, they require
phosphorus for growth and seed development and most especially in nitrogen fixation

which is an energy-driving process (Nkaa et al., 2014).

Harvest index (HI) is the proportion of grain in the total aboveground biomass of the
crop expressed in percentage. P did not have significant influence on the HI of the crop.
The result is in line with Singh et al. (2011) who failed to record significant difference in
harvest index of cowpea following P application and they suggested that harvest index is

a genetic trait and will only be influenced by varietal differences.

Grain vyield is the utmost aim of cowpea production in almost all parts of the world.
There was no significant effect of P fertilizer rates on both pod and grain yields.
However, pod and grain yields increase numerically with each increase in P fertilizer
with the highest rate (45 kg P,Os/ha) of P produced the greatest pod yield (1939 kg/ha)
and grain yield (1484 kg/ha) respectively while the control (0 kg P,Os /ha) produced the
least pod yield (1848 kg/ha) and grain yield (1409 kg/ha) as shown in Table 4.10. The
observed non significant increase in cowpea yield with P application agrees with the
results of Agboola and Obigbesan (1977) and Osiname (1978) who observed that P
application did not significantly increase cowpea yield but contradicts the result of Singh
et al. (2011). The numerical but not statistical increase in both pod and grain yield with
increasing level of P could probably be as a result of the 45 kg P,Os/ha which was the
highest rate in the study is not the optimum rate of P required for cowpea variety
(Asontem) to produce significantly higher yield. Differential response of cowpea

genotype to P fertilizer has been reported (Okeleye and Okelana, 1997). According to
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Tayo (1980), this has important implication for fertilizer management in cowpea
cultivation, as fertilizer requirement may vary with different genotypes. It is therefore
vital that fertilizer needs of each genotype should be determined prior to large scale field

application.

5.1.4 Effects of N and P fertilizer application on seed N, residue N, total plant N and
seed crude protein of cowpea

Nitrogen concentration in the seeds showed significant difference in the 5% significant
level as a result of nitrogen fertilizer application. This result agrees with Amujoyegbe
and Alofe (2003), Singh et al. (2007) who reported that nitrogen application to cowpea
increased its quality as well as the nutritional value of seeds. The higher N content in the
seeds is an indication that the plant made use of the applied N treatments to improve

their seed N contents.

In the case of N content in the residue of cowpea, the greatest value (1.51 %) was
obtained in the 30 kg/ha N treatment. On the other hand, the lowest (1.30 %) residue N content
was obtained in the control treatment. The non significant differences observed in terms of
N content of residues might be due to the fact that N needs for all treatments was very
high at grain filing, thus each treatment remobilized as much N as possible from the
vegetative parts. Since the N concentration in grain legume plants should first be utilized
to maximize grain yields, the low concentration of N in grain legume residues was not

unexpected. However, any excess N left over after crop maturity will enrich the legume
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residues and if incorporated into the soil will improve soil fertility and benefit

subsequent crop.

Concerning the total plant N there was a significant difference between the mean values
of total plant N in cowpea for the different nitrogen treatments (P < 0.05). The
significant response of cowpea to N application in terms of total plant nitrogen may be
due to increased availability of nitrogen from the soil and that the plant made use of the
applied treatments to improve their total plant N contents. This result agrees with earlier
workers who reported that nitrogen application to cowpea plants increased its quality as

well as the nutritional value of seeds (Amujoyegbe and Alofe, 2003; Singh et al., 2007).

Generally, crude protein content in cowpea seeds significantly increased with increasing
application of N fertilizer. This increase in crude protein as a result of nitrogen
application was mainly due to structural role of nitrogen in building up amino acid
(Chintala et al., 2012a). This result is in agreement with what was reported by Singh et

al. (2006) that application of N significantly increased protein percentage in cowpea.

Phosphorus fertilizer did not show any significant effects in all the quality traits studied.

The results are contrary to earlier reports that P increases the nitrogen content in cowpea

tissue (Uzoma et al., 2006) and seed crude protein content (Kudikeri et al., 1973).
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5.2 DISCUSSION OF EXPERIMENT TWO

5.2.1 Effects of residual N and P fertilizer on growth and yield of succeeding maize
crop

Maize growth and yield following incorporation of cowpea residue enriched with N and
P fertilizer applications did not show significant treatment differences (Table 4.12 —
4.20). However, positive residual effects of fertilizer on succeeding crops have been
reported (Cooke, 1970). Legumes have also been reported to contribute immensely in
improving soil fertility and yield of subsequent cereals (Kumwenda et al., 1995). The
use of legumes in cropping systems offers considerable benefits because of their ability
to ameliorate soil fertility decline through fixation of atmospheric nitrogen, enriching it
with organic matter and improving the yield of the subsequent crops (Giller et al., 1997,
Shoko et al., 2007). The non significant effects observed in this study as a result of
residual N and P fertilizer could be attributed to the fact that N is a highly mobile
nutrient and it can be lost through leaching, erosion, runoff, volatilization, nitrification,
denitrification and consumption by plant and other organism. P on the other hand has the
tendency to be fixed in the soil into forms unavailable for plant use by reacting with soil
particles, Fe, Al, Ca and Mg. Hassan et al. (2005) reported that in most soils in spite of
the considerable addition of P-fertilizers, the amount available for plants is usually low

since it is converted to unavailable form by its reaction with the soil constituents.

Grain legumes have been reported to contribute less nitrogen to subsequent crops in
rotation (Giller et al., 1997), because most of the N fixed by grain legumes is

translocated to the grains, hence, the N requirement of cereal crops can seldom be met
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from the residual effects of grain legumes. In evaluating medium-maturing soybean lines
for their nitrogen fixation potential, Sarkodie-Addo et al. (2006) reported that for grain
legumes to play any important role in the maintenance of soil fertility for other crop in
rotation, they must obviously leave behind more N in their residue, and that increasing
the amount of legume N contribution through residual effects are generally possible only
if grain yield is decreased which according to Schwenke et al. (1998) can rarely be
justified in economic terms, but they maintained that it is worthwhile especially where
maintenance of soil fertility is the main aim.

However, in a similar study where maize was planted over plots where cowpea residues
were incorporated and compared with plots which received recommended fertilizer
application in Ghana ( 2 bags NPK 15:15:15: and 1 bag urea), maize yields was greatest
in plots in which residues of the cowpea variety Asontem was incorporated (Fattah 2015,
unpublished data). In that study, the maize vyield from plots that received the
recommended fertilizer rate was not different from any of the cowpea residue
incorporated plots. In this study, the maize yields obtained were greater than those
reported by Fattah (2015, unpublished data) including plots that received the
recommended fertilizer rates. The results indicate that if farmers would incorporate
cowpea residues into their plots, there would not be any need to apply fertilizer to the
succeeding maize crop. Cereal-legume rotation effects on cereal yields have been
reported (Bagayoko et al., 2000; Bationo et al., 1998; Bationo and Ntare, 2000). In all
these studies, there was a positive effect on cereal yield following cowpea. According to
Giller (2001), if after harvesting grains and legume residue are effectively recycled, net
nitrogen accrued from such practice can be as much as 140 kg N/ha depending on the

legume.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

The following conclusions can be made from the results obtained in these studies.

(i) Generally, application of N and P fertilizers had no significant effect on growth,

dry matter, components of yield and grain yield of cowpea.

(if) Nodule number was significantly affected by N and P applications, although %

effective nodules and dry weight of nodules remained unaffected.

(iii)Application of N had significant effects on cowpea seed N and crude protein

content of seeds, but where not responsive to P rates.

(iv)Residue quality was not responsive to N and P rates. However, application of N

had significant effects on cowpea total plant N.

(v) Residual fertility did not significantly affect the growth and grain yield of the

succeeding maize crop.
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6.2 RECOMMENDATIONS

The following recommendations should be considered:

1. Application of N to cowpea fields should highly depend on the N status of that
particular field. Therefore soil testing is recommended prior to planting to
establish the need for starter N application in cowpea cultivation.

2. Further studies should be conducted with higher P rates in other to determine the
appropriate rate of P fertilizer that will produce significant effects more
particularly on growth, grain yields and N contents of whole plant, seeds and
residues of cowpea.

3. Further studies on the residual fertility effects on maize after cowpea should also
be conducted, this time soil physiochemical studies should be done on plot basis
before planting of the maize in other to establish more conclusive results on

residual fertility effects on succeeding crop.

85



REFERENCES

Abadassi, J.A., Singh, B.B., Ladeinde, T.A.O., Shoyinka, S.A. and Emechebe, A.M.
(1987).  Inheritance of resistance to brown blotch, Septoria leaf spot and scab in
cowpea (Vigna unguiculata (L.) Walp). Indian Journal of Genetics, 47: 299-303.

Abayomi, Y.A., Ajibade T.V., Samuel O.F., Sa’adudeen B.F. (2008). Growth and yield
responses of cowpea (Vigna unguiculata (L.) Walp) genotypes to nitrogen fertilizer
(N.P.K.) application in the Southern Guinea Savanna zone of Nigeria. Asian
Journal of Plant Sciences. 7(2): 170-176.

Abubakar, M.I., Olukosi, J.O (2008). Analysis of cowpea production under the national
programme on food security in Argungu local government area of Kebbi State,
Nigeria. Nigerian journal of basic and applied sciences, vol. 16, No. 2. December
2008. Pp. 243-247.

Achakzai, A.K.K., S.A. Kayani, S. Jehan, M.A. Wahid and S.H. Shah. (2002b). Effect of
fertilizer inoculation and sowing time on growth, yield and vyield attributes of
soybean under field conditions. Asian J. Plant Sci., 1: 308-313.

Achuba, F. I. (2006). The effect of subletethal concentration of crude oil on the growth
and metabolism of cowpea (Vigna unguiculata) seedlings. The Environmentalist
21(1):17 - 20.

Adeniji, T.O. (2007). Studies on grain yield stability in cowpea (Vigna unguiculata (L.)
Walp). In: Olufaja, O.0., Omokore, D.F., Akpa, G.N and Sanni, S.A. (eds.).
Proceedings of the 41% Annual Conference of the Agricultural Society of Nigeria
(ASN) held at the Institute for agricultural Research, Samaru, Ahmadu Bello
University, Zaria between 22" and 26™ October, 2007. Pp 25 — 28.

Adeoye P.A., Adebayo S.E., Musa J.J. (2011). Growth and yield response of cowpea
(Vigna unguiculata L.) to poultry and cattle manures as amendments on sandy
loam soil plot. Agric. J., 6(5): 218-221.

86



Adeyemi S.A., Lewu F.B., Adebola P.O., Bradley G., Okoh A.l. (2012). Protein content
variation in cowpea genotypes (Vigna unguiculata (L.) Walp.) grown in the
Eastern Cape province of South Africa as affected by mineralized goat manure.
Afr. J. Agric. Res., 7(35): 4943-4947.

Adjetey, J.A. (1994). Maize physiology and growth requirements. Crops Research
Institute (CRI) Management Guide 19. Kumasi. Page 22.

Agbogidi, O.M. (2010a). Screening six cultivars of cowpea (Vigna unguiculata (L.)
Walp) for adaptation to soil contaminated with spent engine oil. Journal of

Environmental Chemistry and Ecoloxicology. 7: 103 — 109.

Agbogidi, O.M. (2010b). Response of six cultivars of cowpea (Vigna unguiculata
(L.Walp.) to spent engine oil. African Journal of Food Science and Technology
1(6):139-142.

Agboola A.A. and Obigbesan G.O. (1977). Effect of different sources and levels of P on
the Performance and P uptake of Ife — Brown Variety of Cowpea. Ghana Journal of
Agricultural Science 10(1): 71 — 75.

Ahenkora, K., Adu-Dapaah, H.K. and Agyemang, A. (1998). Selected nutritional
components and sensory attributes of cowpea (Vigna unguiculata [L.] Walp.)
leaves. Plant Foods Hum Nutr., 52: 221-229.

Akande, M.O., Adediran, J.A. and Oluwatoyinbo, F.I. (2005). Effects of rock phosphate
amended with poultry manure on soil available P and yield of maize and cowpea.
Afr. J. Biotechnol. 4: 444 — 448.

Akande, M.O., Oluwatoyinbo, F.I., Adediran, J.A., Buari K.W. and Yusuf 1.0. (2003).
Soil amendments affect the Release of P from rock phosphate and the development
and Yield of Okra. Journal Vegetable Crop Production. 19: 3 - 9.

Akter, S., Farid, A.T.M., Shil, N.C. and Rahman, M. (1998). Effect of different fertilizers
on nodulation and yield of Cowpea. Legume Res 21: 74-78.

87



Al-Hassan R. and Jatoe J.B.D. (2002). Adaptation and impact of improved cereal
Varieties in Ghana. Paper prepared for the workshop on the green revolution in
Asia and its transferability to Africa. Organised by Foundation for Advanced
Studies in International Development (FASID), from 8" to 10™ December, 2002, in
Tokyo, Japan

Allen, D.J. (1983). The pathology of tropical food legumes. John Wiley and Sons,
Chichester.

Alzouma 1. (1989) Economic incidence of sahelian cowpea bruchids in Africa.
Propositions for controlling this grain legumes pests. In: Yoshida, T. (ed.). Loss

from control of bruchids in developing countries. Okayama, ISBL. pp. 1-14.

Amujoyegbe, B.J. and Alofe, C.O. (2003). Influence of poultry manure and inorganic
nitrogen fertilizer on grain yield and proximate component of two cultivars of
cowpea (Vigna unguiculata L. Walps). Moor Journal of Agricultural Research,
4(1): 37-45.

Anne-Sophie, V., Christophe, S., Nathalie G. Munier-Jolain and Ney, B. (2002). Effect
of mineral nitrogen on nitrogen nutrition and biomass partitioning between the
shoot and roots of pea (Pisum sativum L.). Plant and Soil. 242:251-262.

Armstrong D.L. (1999). Better crop, vol. 83. Potash and Phosphate Institute, 655
Engineering Drive, Suite 110, Norcross, GA 30092-2837. pp 1-30.

Armstrong, R.D., McCosker, K., Millar, G., Kuskopf, B., Johnson, S., Walsh, K., Probert,
M.E. and Standley, J. (1999). Legume and opportunity cropping systems in central
Queensland. 2. Effect of legumes on following crops, Aust. J. Agric. Res., 50: 925-
936.

Asiamah, R.D. (1998). Soils and Soil Suitability of Ashanti Region. UNESCO/FAO.
S.R.1 Technical Report No. 193. Kwadaso-Kumasi.

Asumugha, V.U. (2002). Sensory and functional properties of dry vegetable cowpea
product (Akara). In: Ubbanu, C. N., Eke, O. S. and Uzomah, A. (eds.). Proceedings

88



of the 26™ Annual Conference of the Nigerian Institute of Food Science and
Technology (NIFST) held at the Federal University of Technology, Owerri, Imo
State between 4" and 8" of November, 2002. Pp. 66 — 67.

Atkins C.A. (1986). The legume: Rhizobium symbiosis. Limitations to maximizing
nitrogen fixation. Outlook on Agriculture 15, 128-134.

Aveling, T. (1999). Cowpea pathology of postharvest research Analysis of Postharvest
Systems; The Sub-Saharan Africa: The case of a new variety of cowpea around the
Agricultural Research Station of Cinzanz, Mali. Msc. thesis, Michigan State

University, East Lansing, Michigan, USA.

Awe, O.A. (2008). Preliminary evaluation of three Asian yards long bean cowpea lines
in Ibadan, Southern western Nigeria. In: Proceedings of the 42" Annual
Conference of ASN held at Ebonyi State University, Abakaliki, Nigeria between
19" and 23" of October, 2008. Pp. 246 — 249.

Awuku, K.A., Brese, G.K., Ofosu, G.K. And Baiden, S.O. (1991). Senior Secondary
School Agriculture and Environmental Studies. London: Evans Brothers Ltd.
Pp.85-86.

Baboo, R. and Mishra S.K. (2001). Growth and pod production of cowpea (Vigna
sinensis savi) as affected by inoculation, nitrogen and phosphorus. Annals of
Agricultural Research, 22(1): 104-106.

Baffour, JH.F. (1990). “O” Level Agricultural Science. Accra: Afram Publications
Ghana Ltd., Pp. 55-56.

Bagayoko, M., Buerkert, A., Lung, G., Bationo, A. and Romheld, V. (2000).
Cereal/legume rotation effects on cereal growth in Sudano—Sahelian West Africa:

soil mineral nitrogen, mycorrhizae, and nematodes. Plant and Soil 218: 103-116.

Barbarick, K.A. (1993). Organic materials as nitrogen fertilizers. Crop series, Colorado
State University Extension. 9/96. Reviewed 1/06. www.ext.colostate.edu. No.
0.546

89


http://www.ext.colostate.edu/

Bationo, A. and Ntare, B.R. (2000). Rotation and nitrogen fertilizer effects on pearl
millet, cowpea, and groundnut yield and soil chemical properties in a sandy soil in
the semi arid tropics, West Africa. Journal of Agricultural Science, (Cambridge)
134: 277-284.

Bationo, A., Lompo, F. and Koala, S. (1998). Research on nutrient flows and balances in
West Africa: State-of-the-art. Pages 19-36 in Nutrient balances as indicators of
production and sustainability in sub-Saharan African agriculture, edited by E.M.A.

Smaling. Agriculture, Ecosystems and Environment 71: 1, 2, and 3.

Bationo, A., Wani, S.P., Bielders ,C.L., Vlek, P.L.G. and Mokwunye, U. (2000). Crop
residue and fertilizer management to improve soil organic carbon content, soil
quality, and productivity in the desert margins of West Africa. Pages 117-145 in
Global climate change and tropical ecosystems, edited by R. Lal, J. M. Kimble,
and B.A. Stewart. Advances in Soil Science. CRC Press, Washington DC, USA.

Belfield, S. and Brown C. (2008). Field Crop Manual: Maize. A Guide to upland
production in Cambodia NSW Department of Primary Industries. pp.7-8.

Bennett-Lartey, S.O and Ofori, K. (2000).Variability in some quantitative characters of
cowpea (Vigna unguiculata (L.) Walp) landraces in Ghana. Ghana Jnl. Agric Sci.
33: 965-170.

Benz, B.F. (2000). Archaeological evidence of teosinte domestication from Guila
Naquitz, Oaxaca. Proceedings of the National Academy of Sciences, New York.
98:2104-6.

Besmer, Y.L. and Koide, R.T. (1999). Effect of mycorrhizal colonization and phosphorus
on ethylene production by snapdragon (Antirrhinum majus L.) flowers Mycorrh. 9:
161 — 166.

Bhupinderpal-Singh, Rengel, Z. (2007). The Role of Crop Residues in Improving Soil
Fertility.

90



Bittenbender, H.C., Barret, R.P. and Indire-Lauvsa, B.M. (1984). Beans and cowpeas as
leaf vegetables and grains legumes. Monograph No. 1 Bean/Cowpea Collaborative

Research Support Programme. Michigan State University, East Lansing.

Blades S.F., Shetty V.R., Terao T., Singh B.B. (1997). Recent developments in cowpea
cropping systems research. In: Singh BB, Mohan Raj DR, Dashiel KE, Jackai L.
EN (eds.) Advances in cowpea research. IITA, Ibadan and JIRCAS, Japan, pp.
114-128.

Blair, D.H. (1989). Evaluation of Rhizobium fredii strains in inoculants for Ontario

soybean (Glycine max L. Merrill) production. M.Sc. Thesis Univ. of Guelph.

Bouyoucos, G.J. (1962). Hydrometer method improved for making particle size of soils.
Agron. J. 54: 464.

Brady, N. C. (1990). “The Nature and Properties of Soils” (Tenth Edn.). Macmillan
Publishing Company, New York. 315 pp.

Bremmer, J.M. and Mulvaney, C.S. (1982). Total Nitrogen. 953-624. In: Page et al. (eds)
ASA and SSA. Madison, W.1.

Bresami S.F. (1985). Nutritive value of cowpea. In: Singh SR and Rachie KO (eds.)
Cowpea research production and utilization, New York, John Wiley and Sons, pp.
353-359.

Buerkert, A., Haate, C., Ruckwied, M. and Marschner, H. (1998). Phosphorus
application affects the nutritional quality of millet grain in the Sahel. Field Crops
Research 57: 223-235.

Burkhill, 1.H. (1953). Habits of man and the origins of the cultivated plants of the old
world. Proceedings of the Linnean society, London 164: 12-42.

Caveness, F.E. and Ogunfowora, A.O. (1985). Nematological studies worldwide. In:
Cowpea research, production and utilization. Singh, S.R. and Rachie, K.O. (eds.),
John Wiley and Sons, Chichester, UK, Pages 273-285.

91



Chaturvedi, S.K., Gupta, D.S. and Jain, R. (2011). Biology of food legumes. In: Biology
and Breeding of Food Legumes. Pratap, A. and Kumar, J. (eds.), Crop
Improvement Division, Indian Institute of Pulses Research, Kanpur, INDIA, pp 35-
48.

Chaudhary, A.R. (1983). Maize in Pakistan. Punjab Agric. Res. Cord. Board, Univ.
Agric. Faisalabad, Pakistan, pp: 312-317.

Chevalier A. (1944): "The cowpea in Africa". Rev. Bot. Appl.24: 128 -15 2.

Chintala, R., McDonald, L.M., and Bryan, W.B. (2012a). Effect of soil water and
nutrients on productivity of Kentucky bluegrass systems in acidic soils. Journal of
Plant Nutrition, 35, 288-303. http://dx.doi.org/10.1080/01904167.2012.636131

Coe, E.H.J., Nueffer, M.G. and Hoisington, D.A. (eds.) (1988). The genetics of maize,
American Society of Agronomy: Madison, Wisconsin: Agronomy Monographs
No. 18; pp. 81-236.

Cooke, G.W. (1970). The Control of Soil Fertility. Crosby Lockwood and son Ltd.

London.

CRI. (2006). Cowpea Production Guide. Introduction to Cowpea Production. Available

online http://www.cropsresearch.org/publications/pdf/cowpea_Introduction.pdf.

Damsteegt, V.D. and Igwegbe, E.C.K. (2005). Epidermiology and control of maize
streak. In: Hadidi, A., Khetarpal, R. K. & Koganezawa, H. (eds.) Plant Virus
Disease Control. APS Press copyright 2005.

Dart, P., Day, J., Islam, R.A. and Dobereiner, J. (1997). Some effects of temperature and
composition of the rooting medium in symbiotic nitrogen fixation in plant
synthesis. In: Tropical Grain Legume, Nutman, R.S. (Ed) Cambridge univ. press
pp: 361-383.

Das, A.K., Khalig, Q.A. and Islam, S. (2008). Effect of Phosphorus fertilizer on the dry
matter accumulation, nodulation and yield in chickpea. In: Bangladesh Research

92


http://dx.doi.org/10.1080/01904167.2012.636131

Publications Journal. 1(1) 47-60. Available at
http:www.bdresearchpublications.com/journal (Accessed on 18/05/2012).

Davis, D.W., Oelke, E.A., Oplinger, E.S., Doll, J.D., Hanson C.V. and Putnam, D.H.
(1991). Alternative plant and animal products: Programs in information exchange
and research. In: Alternative Field Crops Manual. Janick and J.E. Simon (eds).

New crops. John Wiley and Sons, New York, pp. 133-143.

Diouf D. (2011). Recent advances in cowpea (Vigna unguiculata (L.) Walp.) “omics”

research for genetic improvement. Afr. J. Biotech., 10: 2803-2810.

Donald, L.M. (1963). Competition among crop and pasture plants. Advances in
Agronomy. 10: 435-473.

Dubreuil, P.M., Warburton, M., Chastanet, M., Hoisington, D. and Charcosset, A. (2006).
More on the introduction of temperate maize into Europe: Large-scale bulk SSR
genotyping and new historical elements. Maydica, 51: 281-291.

Dugje 1.Y., Ekeleme F., Kamara A.Y., Omoigui L.O., Tegbaru A., Teli I.A. and Onyibe,
J.E. (2009). Guide to safe and effective use of Pesticides for crop production.
Canadian international Development Agency. www.iita.org. Retrieved March
2009.

Dwivedi, S.K., Meer, S., Patel, R.S., Tiwari, A.B. and Agrawal, V.K. (1997). Effect of
phosphorus and Molybdenum on physiological growth parameters of soybean.
Advances Plant Sci., 10(2): 123-125.

Egle, K., Manske, G., Romer, W. and Vlek, P.L.G. (1999). Improved phosphorus
efficiency of three new wheat genotypes from CIMMYT in comparison with an
older Mexican variety. J. Plant Nut Soil Sci. 162: 353 — 358.

El Naim, A.M. and Jabereldar, A.A. (2010). Effect of Plant density and cultivar on
growth and yield of cowpea (Vigna unguiculata L. Walp). Australian Journal of
Basic and Applied Sciences, 4(8): 3148-3153.

93



Emechebe, A.M. and Florini, D.A. (1997). Shoot and pod disease of cowpea induced by
fungi and bacteria. In: Advances in cowpea research. Singh, B.B., Mohan, R.,
Dashiell, K.E. and Jackai, L.E.N. (eds.), Co-publication of IITA and JIRCAS,
IITA, Ibadan, Nigeria, pp 176-192.

Emechebe, A.M. and Lagoke, S.T.O. (2002). Recent advances in research on cowpea
diseases. In: Challenges and opportunities for enhancing sustainable cowpea
production. Fatokun, C.A., Tarawali, S.A., Singh, B.B., Kormawa, P.M. and Tamo,
M. (eds.), Proceedings of the World Cowpea Conference 11l held at the
International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, 4-8
September 200, IITA, Ibadan Nigeria, pp 94-123.

Enwezor, W.O., Udo, E.J., Usoroh, N.J., Ayotade, K.A., Adepetu, J.A., Chude, V.O. and
Udegbe, C.1. (eds). (1989). Fertilizer use and management practices for crop in
Nigeria (Series No. 2). Produced by the Fertilizer Procurement and Distribution
Division of the Federal Ministry of Agriculture Water Resources and Rural
Development, Lagos, Nig.

Fageria, N.K., Ballgar V.C. and Clark R. (2006). Physiology of Crop Production.
Haworth Press Inc. pp 23-56.

FAOQ (2001). FAO Cowpea Processing Project 685-0281.USAID, Dakar (2001) 140pp.
FAO (2002). World Agriculture: towards 2015/2030. Summary report, Rome.

FAO (Food and Agriculture Organisation of the United Nations), (2006). The state of
food and agriculture: Food aid for food  security?  From:
ftp://ftp.fao.org/docrep/fao/009/a0800e/a0800e01.pdf Cited on 19.05.07.

FAOSTAT. (2000). Site internet:http/www.fao.org/statistics.

FAOSTAT. (2012). Statistical databases and data-sets of the food and agriculture

organization of the united nation. http://faostat.fao.org/default.aspx [Online].

Faris, D.G. (1965). The origin and evolution of the cultivated forms of Vigna sinensis.
Canadian Journal of Genetics and Cytology, 6: 255-258.

94


ftp://ftp.fao.org/docrep/fao/009/a0800e/a0800e01.pdf Cited on 19.05.07

Fatokun, C.A., Tarawali, S.A., Singh, B.B., Kormawa, P.M. and Tamo. M. (2002).
Challenges and opportunities for enhancing sustainable cowpea production.
Proceedings of the World Cowpea Conference 11 held at the International Institute
of Tropical Agriculture (IITA), Ibadan, Nigeria. Pp 319 -329.

Fattah, J. (2015). Evaluation of N fixation abilities of some cowpea varieties and the

residual fertility on succeeding maize crop. Mphil. Thesis, KNUST Kumasi Ghana.

Feller, I.C. (1995). Effects of nutrient enrichment on growth and herbivory of Dwarf Red
Mangrove (Rhizophora mangle). Ecol. Monog. 65: 477-505.

Fernandez, G.C.J. and Miller, J.C., Jr. (1986). Interaction between rhizobial inoculation

and fertilizer nitrogen in five cowpea cultivars. Hort. Science 21 :1345-1348

Fertilizer Procurement and Distribution Division (FPDD) (2002). Fertilizer use and

management practices for crops in Nigeria. Series 2: pp 163.

Fery, R.L. (1985). The genetics of cowpea: a review of the world literature. In: Cowpea
Research, Production and Utilization. Singh, S.R. and Rachie, K.O. (eds.), John
Wiley and Sons, Ltd., Chichester, NY, pp 25-62.

Flight, C. (1970). Excavations at Kintampo. West African Archeological Newsletter, 12:
71-73.

Flight, C. (1976). The Kintampo culture and its place in the economic prehistory of West
Africa. In: Origins of African plant domestication. Harlan, J.R., J.M.J. de Wed and
A.B.L Stemler (eds). Mouton. The Hague, Netherlands, pp. 212-217.

Gentili F., Huss-Danell K. (2002). Phosphorus modified the effects of nitrogen
nodulation in split rot systems of hippophea. New Phytologist 153, 53-61.

Giller, K.E. (2001). Nitrogen Fixation in Tropical Cropping Systems, 2" edition.
Wallingford, UK: CABI Publishing. 405 pages.

Giller, K.E., Cadisch, G., Ehaliotis, C., Adams, E., Sakala, W.D. and Mafongoya, P.L.
(1997). Building soil nitrogen capital in Africa. In R.J. Buresh, P.A. Sanchez & F.

95



Calhoun (eds). Replenishing soil fertility in Africa. SSSA Spec. Publ. No. 51.
SSSA, Madison.

Gohari A, Amiri E, Porhelm Gohari M, Bahari B. (2010). Optimization of nitrogen and
potassium fertilizer consumption in cowpea production. The first national congress

of sustainable agriculture and health crop production. Isfahan, Iran.

Grindlay, D.J.C. (1997). Review towards an explanation of crop nitrogen demand based
on the optimization of leaf nitrogen per unit leaf area. The Journal of Agricultural
Science, 128, pp 377-396.

Hall, A.E. (2004). Breeding for adaptation to drought and heat in cowpea. Eur. J. Agron.,
21: 447-454,

Hall, A.E., Singh, B.B. and Ehlers, J.D. (1997). Cowpea breeding. Plant Breed Rev., 15:
215-274.

Haruna, 1.M., and Aliyu, L. (2011). Yield and economic returns of sesame (Sesamum
indicum L.) as influenced by poultry manure, nitrogen and phosphorus at Samaru,
Nigeria. Elixir Agric., 39: 4884-4887.

Haruna, I.M., Aliyu, L., Olufajo, O.0. and Odion, E.C. (2011). Growth of sesame
(Sesamum indicum L.) as influenced by poultry manure, nitrogen and phosphorus

in samara, Nigeria. Am. Eurasian J. Agric. Environ. Sci., 4:561-568.

Hassan M.A., El-Seifi S.K., Omar E.A., Saif EI-Deen U.M. (2005). Effect of mineral and
bio-phosphate fertilization and foliar application of some micronutrients on
growth, yield and quality of sweet potato (Ipomoea batata, L). 1-Vegetative
growth, yield and tuber characteristics. J.Agric. Sci. Mansoura Univ., 30 (10):
6149-6166

Heald, W.R. (1965). Calcium and Magnesium In: C.A. Black (ed). Methods of soil
analysis. Part 2. American Society of Agronomy, Madison Pp. 1367-1378.

Hitchcock, A. S. and Chase, A. (1971). Manual of the grasses of the United States

volume 2.

96



Hussan, W.U., Haggani, A.M. and Shafeeq, S. (2003). Knocking the doors of Balochistan
for fodder crops production. Agridigest - An in house J. ZTBL (Pakistan), 23, 24-
30.

Huxley, P.A. and Summerfield, R.J. (1973). Some effects of climatic factors and
nitrogen nutrition on flowering and plant yield in soya and cowpea. Proc.1™
I.LT.A. Grain Leg. Imp. Workshop (1973), Ibadan, Nigeria, pp. 115-121.

IBPGR (1983): International Board for Plant Genetic Resources: Descriptors for cowpea,

Secretariat, Rome, Italy.

IITA (1975). Grain legume improvement program. A. Rep. Int. Inst. trop. Agric. Ibadan,
Nigeria, 1975. pp. 75- 125.

International Institute of Tropical Agriculture (IITA) (1991). Annual Report 1990.
Nigeria: IITA Ibadan. Page. 64

Islam, S., Cowmen, R.C. and Ganer, J.O. (2006). Screening for tolerance of stress
temperature during germination of twenty-five cowpea (Vigna unguiculata L.

Walp) cultivars. Journal of Food, Agriculture and Environment 4(2): 189 191.

Jackai, L.E.N. and Daoust, R.A. (1986). Insect pests of cowpeas. Annu Rev Entomol.,
31: 95-119.

Jackson, M.L. (1967). Soil and Chemical Analysis, Prentice Hall of India, Private
Limited, New Delhi.

Johnson, D.E., Kelly, A. and Dorriham, P.P. (1983). Losses of pectic substances during
cooking and the effect of water hardness. J. Sci. Food Agric., 34: 733-736.

Kan’ankuk’a, C.N. (1999). Effect of lime, N and P on growth, yield and yield
components of cowpea (V.unguiculata (L.) Walp.). Thesis submitted to the
Postgraduate school, Ahmadu Bello University, Zaria. 110pp.

Karlen D.L., Varvel G.E., Bullock D.G., Cruse R.M. (1994). Crop rotation for the 21%
century. Adv. Agron. 53:1- 45.

97



Kay D.E. (1979): Food legumes. Crops and Product Digest No 3. Tropical Product
Institute, London, United Kingdom. 435 pp.

Khan D.F., Peoples M.B., Chalk P.M., Herridge D.F. (2002). Quantifying below-ground
nitrogen of legumes. A comparison of 15 N and non isotopic methods. Plant Soil
239:277-289.

Kitch, L.W., Boukar, O. and Murdock, L. (1998). Farmer Acceptability Criteria in
breeding cowpea. Cambridge University Press, UK, pp 24-31.

Kudikeri C.B., Patil R.V., Karishnamurthy K. (1973). Response of Cowpea Varieties
under varying levels of Phosphorus. Mysore J. Agric 7(2): 170 -177.

Kuhn, C.W. (1990). Cowpea virus diseases in the United States: A status report. In:
Cowpea Research A U.S. perspective. Miller, J. Jr., Miller, T.P. and Fery, R.L.
(eds.), Second Southern Pea (cowpea) Workshop held at Nashville, TN. 1989, pp:
7-23.

Kumwenda, J.D.T., Waddington, S.R., Snapp, S.S., Jones, R.B. and Blackie, M.J. (1995).
Soil Fertility Management for Smallholder Maize-Based Cropping Systems of
Southern Africa: A Review. Network Working Paper No. 1. Soil Fertility Network
for Maize-Based Cropping Systems in Countries of Southern Africa. CIMMYT,

Harare, Zimbabwe.

Ladha, J.K., Watanabe, 1., and Saono, S. (1988). Nitrogen fixation by leguminous green
manure and practices for its enhancement in tropical lowland rice. In: Green
Manures in Rice Farming. The Role of Green Manure Crops in Rice Farming
Systems. International Rice Research Institute, pp 165 — 183. Los Banos,

Philippines.

Langyintuo, A.S., Lowenberg- Deboer, J., Faye M., Lambert, D., lbro, G., Moussa, B.,
Kergna, A., Kushwaha, S., Musa, S., Ntoukam, G. (2003). Cowpea supply and
demand in West and Central Africa. Field Crops Research. 82:215-231.

98



Lauriault L.M., Kirksey R.E. (2007). Planting date and furrow-irrigation effects on
cowpea for edible dry beans, Southern High Plains, USA. New Mexico State
University Research Report 757, p. 8.

Laws T., Graves W.R. (2005). Nitrogen inhibits nodulation and reversibly suppresses
nitrogen fixation in nodules of Alnus maritima. Journal of American Horticultural
Science 130,496-499.

Lincoln T. and Edvardo Z. (2006). Assimilation of mineral nutrition. In: Plant
physiology (4th ed.), Sinaur Associates, Inc. Pub. P.O. Box. 407, Sunderland.
705p.

Lowenberg- DeBoer, J. (2000). The market value of cowpea characteristic in Cameroon

and Ghana. Paper presented at the World Cowpea Conference, Ibadan, Nigeria.

Ma, Q., Longnecker, N. and Atkins, C. (2001). Varying phosphorus supplies and
development, growth and seed yield in narrow leafed lupin. Plant and Soil. 239: 79
— 85.

Madukwe, D.K., Christo, I.E. and Onuh, M.O. (2008). Effects of organic manure and
cowpea (Vigna unguiculata (L.) Walp) varieties on the chemical properties of the

soil and root nodulation. Sci. world J., 3:43-46.

Magani, L.E. and Kuchinda, C. (2009). Effect of phosphorus fertilizer on growth, yield
and crude protein content of cowpea (Vigna unguiculata [L.] Walp) in Nigeria.
Journal of Applied Biosciences 23: 1387 — 1393.

Malagi, S.C. (2005). Response of cowpea genotypes to plant density and fertilizer levels
under rainfed vertisols. Thesis submitted to the Department of Agronomy, College
of Agriculture, Dharwad. University of Agricultural Sciences, for the degree of

Master of Science (Agriculture) in Agronomy. p 53.

Maréchal, R., Mascherpa, J.M. and Stainer, F. (1978). Etude taxonomique d’un group

complexe d’especes des genres Phaseolus et Vigna (Papillionaceae) sur la base de

99



donnees morphologiques et polliniques traitees par 1’analyse informatique.

Boissiera, 28: 1-273.
Marschner H. (1995). Mineral nutrition of higher plants. Academic Press. (London).

Mateete, B., Nteranya, S., Paul, W.L. (2010). Restoring Soil Fertility in Sub-Sahara
Africa. Adv Agron. 108, 183 — 236.

Matsuoka, Y., Vigouroux, Y., Goodman, M.M., Sanchez, J., Buckler, E. and Doebley,
J.F. (2002). A single domestication for maize shown by multilocus microsatellite
genotyping. Proc Nat Acad Sci 99: 6080-6084.

McDonagh, J.F., Toomsan, B., Limpinuntana V. and Giller, K.E. (1995). Grain legumes
and green manures as pre-rice crops in Northeast Thailand. I. Legume N -fixation,

production and residual nitrogen benefits to rice, Plant Soil, 177: 111-126.

Mclean, M.L. (1962). Soil pH and lime requirement. In Methods of soil analysis. Part 2.

Chemical and microbial properties. Agronomy monograph no.9, 199-244.

Metrological Station, KNUST (2014). Annual Metrological Summary Report of 2014.
KNUST, Kumasi.

Minchin, F.R., Summerfield, R.J. and Neves, M.C. (1981). Nitrogen nutrition of cowpea
(Vigna unguiculata (L.) Walp): Effects of timing of inorganic nitrogen application.
Trop. Agric. (Trinidad), 58:1-12.

Ministry of Food and Agriculture (MoFA) (2012). Statistics Research and Information
Directorate (SRID).

Modhej A., Naderi A., Emam Y., Aynehband A., Normohamadi G.H. (2008). Effects of
post-anthesis heat stress and nitrogen levels on grain yield in wheat (T. durum and

T. aestivum) genotypes. Int. J. Plant Production, 2, 257-267.

MOFA (2010): Ministry of Food and Agriculture: Cropped area for major crops in
Ghana: Statistics, Research and Info. Directorate (SRID).

100



MOFA (2010). Facts and figures. Statistics, Research and Information Directorate
(SRID).

MOFA (2011). Facts and figures. Statistics, Research and Information Directorate
(SRID). Ghana Ministry of Food and Agriculture - Statistics, Research and
Information Directorate (SRID), “Agriculture in Ghana: Facts and Figures (2010)”.
May 2011.

Mpepereki S.M., Makonese F.T. (1998). Harnessing biological nitrogen fixation for
sustainable Agriculture. University of Zimbabwe publication. Harare. Zimbabwe

pp. 2-4.

Mroso, P.V. (2003). Leafy green vegetables in African food, health and wealth: Part 1.
http;//www.suite 101.com/articale.cfm/16738/101868.

Muhamman M.A., Gungula D.T. (2006). Cover crops in cereals based cropping systems
of Northern Nigeria: Implication on sustainable production and weed management.
J. Sustain. Devel. Agric. Environ. 2(1):0794-8867.

Narang, R.A., Asja, B. and Altmann, T. (2000). Analysis of Phosphate Acquisition
Efficiency in Different Arabidopsis Accessions. Plant Physiology, Vol. 124, No. 4,
Arabidopsis Genome: A

Nelson, D.W. and Sommers, L.E. (1982). Total carbon, organic carbon and organic

matter. Part 2, chemical and microbial properties. Agronomy monograph. No. 9.

Ng, N.Q. (1995). Cowpea Vigna unguiculata (Leguminosae Papilionoideae). In:
Evolution of crop plants. Smart, J. and Simmonds, N.W. (eds.) 2nd edition.
Longman, Harlow UK, pp 326-332.

Ng, N.Q. and Marechal, R. (1985). Cowpea taxonomy, origin and germplasm. In:
Cowpea research, production and utilization. Singh, S. R. and Rachie, K.O. (eds.),
John Wiley and Sons, Chichester, UK, pp 11-12.

Nkaa, F.A., Nwokeocha, O.W., lhuoma, O. (2014). Effect of Phosphorus fertilizer on

growth and vyield of cowpea (Vigna unguiculata). IOSR Journal of Pharmacy and

101



Biological Sciences (IOSR-JPBS) e-ISSN: 2278-3008, p-1SSN:2319-7676.
Volume 9, Issue 5 Ver. IV (Sep -Oct. 2014), PP 74-82 www.iosrjournals.org

Ofuya, A.K. (1993). Evaluation of selected cowpea varieties for resistance to Aphis

caccivora Koch. (Homophera: Aphididae) at the seedling and pod stage. Annals

Ofori, C.S. (1968). An evaluation of direct, residual and cumulative effects of various
phosphatic fertilizers on some tropical soils. Ghana Journal of Agricultural Science
1,133-142.

Okalebo J.R. (2009). Recognizing the constraint of Soil Fertility Depletion and
Technologies to reverse in Kenyan Agriculture. Moi University inaugural lecture 6

series No.1 2009, Moi University Press. Eldoret, Kenya.

Okeleye K.A. and Okelana M.A.O. (1997). Effect of Phosphorus Fertilizer on
Nodulation, growth, and yield of Cowpea (Vigna Unguiculata L. Walp) varieties.
Indian Journal of Agricultural Science 67 (1): 10 —-12.

Okwu, D.E., Josiah, C. (2006). Evaluation of the chemical composition of two Nigerian
medicinal plants. Afr. J. Biotech., 5 (4): 357-361.

Olaleye, O., Fagbola, O. and Abaidoo, R.C. (2012). Phosphorus Response Efficiency in
Cowpea Genotypes. In: Journal of Agricultural Science =~ Vol. 4, No. 1; 2012.

Available at on- line:www.ccsenet.org/jas. (Accessed on 19/05/2012).

Olaleye, O., Fagbola, O., Abaidoo, R.C., and lkeorah, N. (2011). Phosphorus response
efficiency in cowpea genotypes. IITA, Ibadan. published by Canadian Centre Of

Sciences and Education. Pp.1-10.

Olusola, O.A. (2009). Understanding soil and plant nutrition. Salman press & Co. Nig.
Ltd., Keffi, Nassarawa State, Nigeria.

Omo-lkerodah, E.E., Fatokun, C.A., Fawole, 1. (2009). Genetic analysis of resistance to
flower bud thrips (Megalurothrips sjostedti) in cowpea (Vigna unguiculata L.
Walp.). Euphytica 165:145-154.

102


http://www.iosrjournals.org/

Osborne, S.L., and Riedell, W.E. (2006). Starter nitrogen fertilizer impact on soybean
yield and quality in Northern Great Plains. Agron. J. 98:1569-1574.

Osiname, O.A. (1978). The fertilizer (N-P-K) requirement of Ife Brown cowpea, (Vigha
unguiculata (L) Walp.) Tropical Grain Legume Bulletin 11/12: 13-15.

Oti, N.N., Uzoho, B.U. and Opara, C.C. (2004). Determination of P Requirement of

cowpea using P-sorption Isotherm. Int. J Agric Rural Deve. 5:77-85.

Owolade, O.F., Akande, M.O., Alabi, B.S. and Adediran, J.A. (2006). Phosphorus
Level Affects Brown Blotch Disease, Development and Yield of Cowpea in World
Journal of Agricultural. 2 (1): 105-108.

Padulosi, S. (1993). Genetic diversity, taxonomy and ecogeographic survey of the wild
relatives of cowpea (Vigna unguiculata (L) Walp.) Catholique de Louvain-la-

Neuve, Beligique.

Padulosi, S. and Ng, N.Q. (1997). Origin, taxonomy and morphology of Vignha
unguiculata (L) Walp. In: Advances in Cowpea Research. Singh, B.B., Mohan Raj,
D.R., Dashiell, K.E. and Jackai, L.E.N. (eds.), Co publishing of International
Institute of Tropical Agriculture (IITA) and Japan International Research Centre
for Agricultural Sciences (JIRCAS), lITA, Ibadan, Nigeria, pp 1-12.

Palm, C.A., Gachengo, C.N., Delve, R.J., Cadisch, G., Giller, K. (2001). Organic inputs
for soil fertility management in tropical agro ecosystems: application of an organic
resource database. Agric. Ecosystem Environ. 83, 27-42

Pam, H. and Brian, M. (2007). Interpreting Soil Test Results: What do all the numbers

mean? Available on http://www.publish.csiro.au (Accessed on 14/12/12)

Partey, S.T. (2011). Effect of pruning frequency and pruning height on the biomass
production of Tithonia diversifolia (Hemsl) A. Gray. Agro forest Syst. 83, 181-
187.

103



Partey, S.T., Preziosi, R.F., Robson, G.D. (2013a). Maize residue interaction with high

quality organic materials: effects on decomposition and nutrient release dynamic.
Agric Res. 2,58 — 67

Partey, S.T., Thevathasan, N.V. (2013b). Agronomic Potentials of Rarely Used
Agroforestry Species for Smallholder Agriculture in Sub-Saharan Africa: An
Exploratory Study Commun. Soil. Sci. Plant Anal
DOI:10.1080/00103624.2013.769563

Patel, P.N. (1985). Fungal, bacterial and viral diseases of cowpeas in the USA. In:
Cowpea research, production and utilization. Singh, S.R. and Rachie, K.O. (eds.),
John Wiley and Sons, Chichester, UK, Pages 205-213.

Peoples M.B., Craswell E.T. (1992). Biological nitrogen fixation: Investments,

expectations and actual contribution to agriculture. Plant Soil 141:13-39.

Phillips, E.P. (1951). The genera of South African flowering plants. Government Printer,
Pretoria, South Africa.

Phillips, R.D., McWatters, K.H., Chinannan, M.S., Hung, Y., Beuchat, L.R., Sefa-
Dedeh, S., Saki-Dawson, E., Ngoddy, P., Nnanyelugo, D., Enwere, J., Komey,
N.S., Liu, K., Mensa-Wilmot, Y., Nnanna, I., Okeke, C., Prinyawiwatkul, W. and

Saalia, F.K. (2003). Utilization of cowpeas for human food. Field Crops Res., 82:
193-213.

Pingali P.L., Pandey S. (2001). Meeting World Maize Needs: Technological
Opportunities and Priorities for the Public Sector, in Pingali PL (ed). CIMMYT
1999-2000 World Maize Facts and Trends. Meeting World Maize Needs:

Technological Opportunities and Priorities for the Public Sector. CIMMYT,
Mexico, DF.

Pingali, P.L. (2001). CIMMYT 1999-2000 world maize facts and trends. Meeting world

maize needs: Technological opportunities and priorities for the public sector.
Mexico, d.F. CIMMYT.

104



Prassad, P.V.V., Satyanarayana, V., Murty, V.R. and Broote, K.J. (2002). Maximizing
yield in rice groundnut cropping sequence through integrated nutrient management.
Filed Crop Res., 75: 9-21.

Quaye W., Yawson I, Yawson R.M. and Williams L.E. (2009): Acceptance of
Biotechnology and social-cultural implications in Ghana. Afr. J. Biotechnol. 8:
1997-2003.

Quinn, J. (1999). Cowpea, a versatile legume for hot, dry conditions. Thomas B.
Jefferson Institute. Columbia, USA. Available online at;

www.hort.purdue.edu/new crop articles/ji-compea html.

Rachie, K.O. and Rawal, K.M. (1976). Integrated approaches to improving cowpea
(Vigna unguiculata (L.) Walp.) In Ibadan, Nigeria, IITA, Ibadan, Technical
Bulletin 5.

Raemaekers, R.H. (2001). Crop production in Tropical Africa. Brussels, Belgium:

Directorate General for International Co-operation. Pp 23-45.

Rahman, M.M., Bhuiyan, M.M.H., Sutradhar, G.N.C., Rahman, M.M. and Paul A K.
(2008). Effect of Phosphorus, Molybdenum and Rhizobium Inoculation on Yield
and Yield Attributes of Mungbean. Int. J. Sustain. Crop Prod. 3(6):26-33.

Rajput, A.L. (1994). Response of cowpea (Vigna unguiculata) to rhizobium inoculation,

Date of sowing and phosphorus. Indian Journal of Agronomy. 39 (4): 584-587.

Rangel, A., Saraiva, K., Schwengber, P., Narciso, M.S., Domont, G.B., Ferreira, S.T. and
Pedrosa, C. (2004). Biological evaluation of a protein isolate from cowpea (Vigna
unguiculata) seeds. Food Chem., 87: 491-499.

Ribet, J. and Drevon, J., (1996). The phosphorus requirement of N,-fixing and urea-fed
Acacia mangium. New Phytol. 132, 383-390.

Robson, A. D. and O‘Hara, G. W. (1981). Involvement of phosphorus in nitrogen
fixation by subterranean clover (Trifolium subterraneum L.). Aust. J. Plant Physiol.
8, 427-436.

105


http://www.hort.purdue.edu/new

Rosegrant, M.R., Ringler, C., Sulser, T.B., Ewing, M., Palazzo, A. and Zhu, T.E. A.
(2009). Agriculture and food security under global change: Prospects for
2025/2050 (Washington, D.C.: International Food Policy Research Institute).

Rosegrant, M.W. (2008). Bio-fuels and grain prices: Impacts and policy responses.
International Food Policy Research Institute (IFPRI) pp 2-4.

Rotaru, V., Sinclair T.R. (2009). Interactive influence of phosphorus and iron on nitrogen
fixation by soybean. Environmental and Experimental Botany. 66:94-99.

Rouanet, G. (1987). The Tropical Agriculturalist (Maize). Macmillan Publishers. Page 8.

Rupela, O.P. and Saxena, M.C. (1987). Nodulation and nitrogen fixation in chickpea.
Pages 191-206 in The Chickpea Farnham Royal UK, edited by M.C. Saxena and
K.B. Singh. Commonwealth Agricultural Bureaux International and International

Center for Agricultural Research in the Dry Areas.

Sanchez, G., Goodman, M.M. and Stuber, C.W. (2000). Isozymatic and morphological
diversity in the races of maize of Mexico. Economic Botany 54:43-59.

Sarkar, S., Rathore, T.R., Sachan, R.S. and Guildyal, B.P. (1988). Effect of straw
incorporation and burning on pH and organic carbon status of Tarai soils. J. the
Indian Society of Soil Sci., 36: 158-160.

Sarkodie -Addo, J., Adu - Dapaah, H.K., Ewusi-Mensah, N. and Asare, E. (2006).
Evaluation of Medium Maturing Soybean Lines for their Nitrogen Fixation

Potentials. Journal of Science and Technology. 26 (2): 34 - 39.

Sarkodie-Addo, J. (1991). Evaluation of Bradirhizobium japonicum isolates from Ontario

soybean fields. MSc. Thesis, University of Guelph. 130 pages.

Schewenke, G.D., Peoples, M.B., Turner, G.L. and Herride, D.F. (1998). Does nitrogen
fixation of commercial, dry land and chickpea and soybean in North-West New

South Wales maintain or enhance soil nitrogen. Aust. J. Expt. Agric. 38, 61-70.

106



Seyed, A.V. and Hossein, A.F. (2011). Mycorrhizal Fungi influence on Physiological
Growth Indices in Basil Induced by Phosphorus Fertilizer under Irrigation Deficit
Conditions. In World Academy of Science, Engineering and Technology. 59:2182-
2184.

Sharma, H., Nahatkar, S. and Patel, M.M. (1996). Constraints of soybean production in
Madhya Pradesh-an-analysis. Bhartiya Krishi Anusandhan Patrika. 11: 79-84.

Sharma, S.C., Vyas, A.K. and Shaktawat, M.S. (2002). Effect of levels and sources of
phosphorus under the influence of farm yard manure on growth determinants and
productivity of soybean (Glycine max (L.) Merrill). Indian J. Agric. Res., 36 (2):
123 - 127.

Shoko, M.D., Tagwira, F. and Zhou, M. (2007). The potential of reducing nitrogen
fertilizers in a soyabean-sugarcane production system in Zimbabwe. Afr. J. Agric.
Res. 2, 16-26.

Siddiqui, A.T.S.U.A., Hossain, A.K.M.M., Rahman M.M., Rahman S.M. and Sayem
S.M. (2007). Effect of phosphorus on growth and nodule formation of indigo plant
under Old Hymalyan Piedmont field condition. International Journal of Sustainable
Crop Production. 2(6):21-24.

Singh A., Baoule A.L., Ahmed H.G., Dikko A.U., Aliyu U., Sokoto M.B., Alhasan J.,
Musa M., Haliru (2011). Influence of phosphorus on the performance of cowpea
(Vigna unguiculata [L] Walp) varieties in Sudan savanna of Nigeria. Agriculture
Sciences. 2: 313-317.

Singh B. B., Ajeigbe, H. A., Tarawali, S. A., Fernandez-Rivera S. and Abubakar, M.
(2011). Improving the production and utilization of cowpea as food and fodder.
Field. Crop. Res. 84: 169-177.

Singh, A.K., Tripathi, P.N. and Room, S. (2007). Effect of Rhizobium inoculation,
nitrogen and phosphorus levels on growth, yield and quality of kharif cowpea
(Vigna unguiculata L. Walp). Crop Research Hisar, 33(13):71-73.

107



Singh, A.K., Tripathi, P.N., Kumar, R.P., Srivastava, A.K. and Room, S. (2006).
Response of nitrogen, phosphorus rates and rhizospherte inoculation on nutrients

uptake, yield and protein content of cowpea. J. of soils and crops, 16 (2): 475- 477.

Singh, B.B. (1997). Performance of promising cowpea varieties at Minjibir ppl4 -15.
IITA, Annual report 1997. Project Il Cowpea Cereals Systems Improvement in the

Savanna.

Singh, B.B. and Ajeigbe, H.A. (2002). Improving cowpea-cereal based systems in the
dry Savannas of West Africa. In: Challenges and opportunities for enhancing
sustainable cowpea production. Fatokun, C.A., Tarawali, S.A., Singh, B.B.,
Kormawa, P.M. and Tamo, M. (eds.), Proceedings of the World Cowpea
Conference Il held at the International Institute of Tropical Agriculture (IITA),
Ibadan, Nigeria, 4-8 September 200, IITA, Ibadan Nigeria, pp 278-286.65.

Singh, B.B., Chambliss O.L. and Sharma, B. (1993). Recent advances in cowpea
breeding. In: Advances in cowpea research. Singh, B.B., D.R. Mohan Raj, K.E.
Dashiell and L.E.N. Jackei (eds). Copulation of the International Institute of
Tropical Agriculture (IITA) and Japan International Research Center for
Agricultural Sciences (JIRCAS). IITA, Ibadan, Nigeria, pp. 30-49.

Singh, B.B., Singh, S.R. and Jackai, L.E.N. (1984). Cowpea breeding for disease and
insect resistance. In: Breeding for durable disease and pest resistance. FAO Plant
Production and Protection Paper No. 55. FAO, Rome, Italy, Pages 139-152.

Singh, S.R., and Allen, D.J. (1980). Pests, diseases, resistance and protection of Vigna
unguiculata (L.) Walp. In: Summerfield, R.J., Rachie, K.O. (eds) Advances in
legume Science. R. Bot. Gard, London, pp 217-231.

Sison, L. C. and Margate, L.Z. (1981). Influence of spacing and nitrogen and phosphorus
fertilizer application on yield and agronomic traits of cowpea (Vigna unguiculata)
[study conducted at CMU, Philippines]. Central Mindanao University Journal of
Agriculture, Food and Nutrition. 3(4):340-353.

108



Sleper, A.D. and Poehlman, M.J. (2006). Breeding field crops, Blackwell Publishing Pp.
277-296. 5th Edition.

Smaling, E.M.A., Stoorvogel, J.J., de Jager, A. (2002). Decision making on integrated
nutrient management through the eyes of the scientist, the land-user and the policy
maker in: Vanlauwe, B., Diels, J., Sanginga, N., Merckx, R (eds.): Integrated Plant
Nutrient Management in Sub-Saharan Africa. CAB International, Wallingford, pp.
265-283.

Smith, D., Bula, R.J. and Walgenbach, R.P. (1986), Forage Management, 5 ed. Kendall
Hunt Publishing Company, Dubuque, 1A.

Ssali, H. and Keya, S.0. (2012). The Effect of Phosphorus on Nodulation, Growth and
Dinitrogen Fixation by Beans. In Biological Agriculture and Horticulture: An
international Journal for sustainable production system. 1: 135-144.

Stanton, W. R. (1966). Grain Legumes in Africa. FAO, Rome. 183pp.

Steele, W.M. (1976). Cowpeas, Vigna unguiculata. In Evolution of crop plants.
Simmonds, N.W. (ed.), Longmans, London, UK, Pages 183-185.

Steiner, K.G. (1984). Intercropping in tropical smallholder agriculture with special

reference to West Africa. Stein, West Germany. 304 pp.

Strulk, P.C. (1983). Physiology of forage maize in relation to its production and quality.
Wageningen, Netherlands: PUDOC (Co) page 252.

Subhan, F. (1991). Effect of time of nitrogen application on growth and yield of peas.
Bulletin Penelitian Hort., 17: 91-95.

Summerfield, R.J. and Roberts, E.H. (1985). Vigna unguiculata. In Handbook of
flowering, Vol. I. Halvey, A.H. (ed.), CRC Press, Boca Raton, FL, USA, Pages
171-184.

Summerfield, R.J., Huxley, P.A. and Steele, N.N. (1974). Cowpea (Vigna unquiculata
(L) walp.) Field Crop Abstr., 27: 301-312.

109



Ta’Ama, M. (1983). Yield performance of thrips resistance cultivars on insecticide

application. Tropical Grain Legume Bull, 27: 26-28.

Taiz, L., and Zeiger, E. (2006). Plant physiology; 4™ ed., Sinauer Associates, Inc;
pubisher. pp: 79.

Tang C., Hinsinger, P., Drevon J.J., Jaillard B. (2001). Phosphorus deficiency impairs
early nodule functioning and enhances proton release in roots of Medicago
unguiculata L. Annals of Botany. 88:131-138.

Tarawali, S.A., Singh, B.B., Gupta, S.C., Tabo, R. and Harris, F. et al. (2002). Cowpea
as a key factor for a new approach to integrated crop livestock systems research in
the dry savannas of West Africa. In: Challenges and Opportunities for Enhancing

Sustainable Cowpea Production.

Tayo, T.0. (1980). Effects of foliar spray of nutrients on the performance of cowpea
(Vigna unguiculata [L.] Walp). J. Agric. Sci. (camb)., 96:81-87.

Terao, T., Watanabe, I., Matsunaga, R., Hakoyama, S. and Singh, B.B. (1997). Agro-
physiological constraints in intercropped cowpea: an analysis. In: Advances in
cowpea Research. Singh, B.B., Mohan Raj, D.R., Dashiell, K.E. and Jackai, L.E.N.
(eds.), ITA/JIRCAS Co-publication, 1ITA, Ibadan, pp 129-140.

Tewari, G. P. (1965). Effects of nitrogen, phosphorus and potassium on nodulation in

cowpea. Experimental Agriculture 1: 253-256.

Thottappilly, G. and Rossel, H.W. (1985). Worldwide occurrence and distribution of
virus diseases. In: Cowpea Research, Production and Utilization. Singh, S.R. and
Rachie, R.O. (eds.), John Wiley and Sons, Ltd., Chichester, England, pp: 155-171.

Timko, M.P. and Singh, B.B. (2008). Cowpea, a multifunctional legume. In: Genomics
of tropical crop plants. Moore, P.H. and Ming, R. (eds.), Springer, New York, pp
227-257.

110



Timko, M.P., Ehlers, J.D. and Roberts, P.A. (2007a). Cowpea. In: Genome Mapping and
Molecular Breeding in Plants. Kole, C. (ed.), Volume 3, Pulses, Sugar and Tuber

Crops, Springer Verlag, Berlin Heidelberg, pp 49-67.

Timko, M.P., Gowda, B.S., Ouedraogo, J. and Ousmane, B. (2007b). Molecular markers
for analysis of resistance to Striga gesnerioides in cowpea. In: Integrating New
Technologies for Striga Control: Towards Ending the Witch-hunt. Ejeta, G. and
Gressell, J. (eds.), World Scientific Publishing Co. Pte Ltd, Singapore, pp In Press.

Togay, Y., N. Togay, Y. Dogan and V. Ciftci. (2005). Effects of nitrogen levels and
forms on the yield and yield components of lentil (Lens culinaris Medic.). Asian J.
Plant Sci., 4: 64-66.

Toomsan, B., Cadisch, G., Srichantawong, M., Thongsodsaeng, C., Giller, K.E and
Limpinuntana, V. (2000). Biological N fixation and residual N benefit of pre-rice
leguminous crops and green manures, values of novel cropping systems in N.E.
Netherlands J. Agric. Sci., 48: 19-29.

Tropical Legume Il Project (2012). The Bulletin of Tropical Legumes.

Tsvetkova G.E., Georgiev G.l. (2003). Effect of phosphorus nutrition on the growth,
symbiotic nitrogen fixation and proton release by two bean (Phaseolus vulgaris)

genotypes. Agronomie. 21:683-689.

Tweneboah, C.K. (2000). Modern Agriculture in the Tropics, Food crops. Co-Wood
Publishers, Accra.

USAID/EAT (2012). The market for maize, rice, soy, and warehousing in northern
ghana. In: Gage, D., Bangnikon, J., Abeka-Afari, H., Hanif, C., Addaquay, J.,
Antwi, V. & Hale, A. (eds.) United States Agency for International Development:

Enabling Agricultural Trade. Fintrac Inc.

Uzoma A.O., Osunde A.O., Bala A. (2006). Effect of phosphorus and Rhizobium

inoculation on the yield and yield components of cowpea breeding in Minna. In:

111



Proceedings of 31st Annual Conference of Soil Science Society of Nigeria. 13th-
17th November, 2006, ABU, Zaria.

Vance, C.P. (2001). Symbiotic nitrogen fixation and phosphorus acquisition. Plant

nutrition in a world of declining renewable resources. Plant Physiol. 127: 390-397.

Vanlauwe, B., Gachengo, C.N., Shepherd, K., Barrios, E., Cadisch, G., Palm, C.A.
(2005). Laboratory validation of a resource quality-based conceptual framework

for organic matter management. Soil Sci. Soc. Am. J. 69, 1135 - 1145.

Varela, A.M. and Seif, A. (2004). A Guide to IPM and Hygiene Standards in Okra

Production in Kenya. Insect Management for Okra.

Verdcourt, B. (1970). Studies in the Leguminosae- Papilionoideae for the flora of
tropical East Africa. IV. Kew Bulletin, 24: 507-569.

Vesterager J.M., Nielsen N.E., Hegh-Jensen H. (2007). Effects of pre crop and
phosphorus source on land and nitrogen uptake efficiency in sole or intercropped

cowpea maize crops. Nutr. Cycl. Agroecosyst.

WABS. (2008). Maize value chain study in Ghana, enhancing efficiency and
competitiveness. Draft report
http://www.yumpu.com/en/document/view/3462564/maize-value-chain-study-in-

ghana-valuechains4poor.

Waddington, S. R., Sakala, W. D. and Mekuria, M. (2004). Progress in lifting soil fertility
in Southern Africa. In Symposium on Nutrient Recycling and Balance in Cropping
Systems: Crop Science for a Sustainable Future. 4™ International Crop Science
Congress, New Directions for a Diverse Planet, 26 September- 1 October 2004.

Brisbane, Australia. Published on CDROM and at www.cropscience.org.au

Warburton, M., Wilkes, G., Taba, S., Charcosset, A., Mir, C., Dumas, F., Madur, D.,
Dreisigacker, S., Bedoya, C., Prasanna, B.M., Xie, C.X., Hearne, S. et al. (2011).
Gene flow among different teosinte taxa and into the domesticated maize gene
pool. Genet Resour and Crop Evol. 58: 1243-1261.

112



Whitbread, A. and Lawrence, J. (2006). Cowpea fact sheet for Grain and Graze.
Available online: http://lwa.gov.au/files/products/grain-and-
graze/pn20434/pn20434.pdf.

Wijnhoud, J.D., Konboon, Y. and Lefroy, R.D.B. (2003). Nutrient budgets: sustainability
assessment of rainfed lowland rice-based systems in northeast Thailand, Agric.
Ecosyst. Environ., 100: 119-127.

Yinbo, G., Peoples, M.B. and Rerkasem, B. (1997). The effect of N fertilizer strategies
on N, fixation, growth and yield of vegetable soybean. Field Crops Research
51:221-229.

Zahran, H.H. (2000). Rhizobium - Legume Symbiosis and Nitrogen Fixation under
Severe Conditions and in an Arid Climate. Department of Botany, Faculty of
Science, Beni-Suef, 62511 Egypt Microbiology and Molecular Biology Reviews,
American Society for Microbiology. p. 968-989.

113


http://lwa.gov.au/files/products/grain-and-graze/pn20434/pn20434.pdf
http://lwa.gov.au/files/products/grain-and-graze/pn20434/pn20434.pdf

APPENDIX

Appendix 1: Physico- chemical properties of top soil (0-30 cm depth) of the
experimental field

Soil depth Soil depth
Properties 0- 15cm 15-30 cm
PH (1:2.5 H,0) 5.57 5.50
Total Nitrogen (%) 0.15 0.12
Available Phosphorus 5.65 5.22
(mg/kg)
Organic Carbon (%) 0.72 0.50
Exchangeable bases (cmol/kg)
K 0.16 0.09
Ca 2.00 2.80
Na 0.38 0.37
Mg 1.00 0.80
Texture
Sand (%) 84.30 80.90
Slit (%) 3.90 4.07
Clay (%) 11.80 15.03
Soil texture Sandy loam Sandy loam
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