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ABSTRACT
Cowpea (vigna unguiculata) is an important source of protein and income for farmers in Africa
but its production has been constrained by Alectra vogelii Benth, a parasitic weed which attaches
itself to the root of cowpea plants and diverts the assimilate from cowpea roots to itself.
Therefore, two pot trials were conducted in the Horticultural Garden of the Department of
Agronomy and under a Screen house in the Department of Soil Science, Institute for Agricultural
Research, Ahmadu Bello University, Zaria to evaluate the Growth and Yield Response of Four
Newly-bred Cowpea (Vigna unguiculata (L.) Walp) Varieties to Alectra vogelii Inoculation and
NPK Fertilizer (15:15:15) Application. The trial consist of four cowpea varieties (ITO8K-125-
107, ITO6K-128, ITO7K-303-1, ITO7K-299-6) obtained from International Institute of Tropical
Agriculture, Kano Substation and four levels of NPK fertilizer (0, 100, 200 and 400 kgNPK/ha).
The treatments were applied with Alectra vogelii (0 kgNPK/ha + Alectra) and without Alectra
vogelii inoculation (0 kgNPK/ha + zero Alectra). The experiments were designed in a completely
randomized design in three replications and with six (6) pots to represent each replicate. Growth
and yield parameters such as plant height, shoot fresh weight, root fresh weight, number of root
nodules, leaf area index, pod weight, pod length, 100 seed weight, number of pods per plant and
grain yield were evaluated. Generally, NPK fertilizer application significantly improved
vegetative growth and yield of the cowpea varieties with 400 kgNPK/ha giving the best growth
and yield. Fertilizer application at 400 kgNPK/ha significantly enhanced plant height (23.72 cm),
shoot fresh weight (71.48 g) and leaf area index (1.22) when compared with the control (18.65
cm, 14. 92g and 0.17 respectively) at 9 WAS in Trial 1. Alectra inoculation significantly reduced
root fresh weight (0.90 g) and root nodules (40.77) of cowpea plants inoculated with Alectra
when compared with the Alectra uninoculated cowpea plants (1.00 g and 46.58 respectively) at 7

WAS in Trial 1. Highest grain yield per plot was observed under cowpea variety ITO7K-303-1

Vii



in Trial 1 (75.95 g) and Trial 1l (70.15 g) while the lowest grain yield was observed under
cowpea variety 1ITO8K-125-107 in Trial 1 (58.11 g) and Trial Il (49.39 g). The best grain yield
(68.49 g) was due to the application of 400 kgNPK/ha fertilizer when compared with the
untreated control (59.98 g) in Trial I. Number of pods/plant, pod length, and seed weight per pod
of cowpea plants were significantly reduced due to Alectra inoculation when compared with the
uninoculated cowpea plants in Trial 1. Cowpea variety 1T0O7K-303-1 was observed to have
supported the highest number of Alectra vogelii shoots per plot (2.00) and cowpea variety
ITO6K-128 supported the lowest number of Alectra vogelii shoots per plot (0.29) in Trial 1I. In
conclusion, the study showed that, application of NPK fertilizer enhanced vegetative growth and
yield parameters of the cowpea varieties. Alectra vogelii inoculation generally reduced most of
the vegetative growth parameters and consequently yield parameters. Cowpea variety 1TO7K-
303-1 was tolerant to Alectra vogelii. Therefore, cowpea variety 1T07K-303-1 and 400
kgNPK/ha fertilizer rate can be recommended for effective control of Alectra vogelii and

improved cowpea yield.

viii



TABLE OF CONTENT

Content

Title page
Dedication
Declaration
Certification
Acknowledgement
Abstract

Table of Contents
List of Tables

List of Figures
List of Abbreviations
CHAPTER ONE

1.0 Introduction

1.1 Botanical Classification of Cowpea

1.2 Origin, Domestication and Geographic Distribution of Cowpea
1.3 Botanical Description of Cowpea

1.4 Climatic and Soil Requirements for Cowpea Growth

1. 5 Importance of Cowpea

1.6 Cowpea Production

1.6.1 Cowpea Production Constraints

1.7 Statement of Research Problem

1.8 Justification

1.9 Aim

Page

Vi
viii
Xiv

XVi

XVii



1.10 Objectives

1.11 Hypotheses

CHAPTER TWO

2.0 Literatures Review

2.1 Origin and Spread of Alectra vogelii

2.2 Botany of Alectra vogelii

2.3 The life cycle of Alectra

2.4 Host Range of Alectra vogelii

2.5 Nature of Parasitism of Alectra vogelii to Cowpea

2.5.1 Attachment of Alectra vogelii to Cowpea

2.5.2. Symptoms of Infection by Alectra vogelii to Cowpea

2.6 Effects of Alectra vogelii Infestation on Growth and Yield Components

2.7 Control of Alectra vogelii

2.7.1 Cultural Control

2.7.2 Chemical Control

2.7.3 Use of Resistance Varieties

2.7.4 Biological Control

2.7.5 Integrated Control

2.8 The Role of Nitrogen Fertilizer on the Growth and Yield Components of Cowpea
2.9 The Role of Phosphorus Fertilizer on the Growth and Yield Components of Cowpea
2.10 The Role of Potassium Fertilizer on the Growth and Yield Components of Cowpea
2.11 The Role of Organic Manure on the Growth and Yield Components of Cowpea

2.12 Role of N. P. K Fertilizer on Alectra Infestation on Cowpea

10

10

12

12

14

14

14

15

16

17

17

19

21

21

22

22

23

24

25

26



CHAPTER THREE

3.0 Materials and Methods

3.1 Experimental Sites

3.2 Experimental Materials and their Sources

3.3 Soil Analysis

3.4 Preparation of Alectra Innoculum

3.5 Treatment and Experimental Design

3.5.1 Sowing of Cowpea seeds

3.5.2 Cultural practices Adopted

3.6 Harvest of Cowpea Seeds

3.7 Sampling of Cowpea Plants

3.8 Data Collection

3.9 Data Analysis

CHAPTER FOUR

4.0. Results

4.1 Physical and Chemical Properties of the soil

4.2 The Effect of NPK Fertilizer and Alectra on Vegetative Growth Parameters
4.2.1 Plant Height of Cowpea Varieties in Trial |

4.2.2 Plant Height of Cowpea Varieties in Trial 11

4.2.3 Shoot Fresh Weight of Cowpea Varieties in Trial |
4.2.4 Shoot Fresh Weight of Cowpea Varieties in Trial Il
4.2.5 Root Fresh Weight of Cowpea Varieties in Trial |
4.2.6 Root Fresh Weight of Cowpea Varieties in Trial |1

4.2.7 Number of Root Nodules of Cowpea Varieties in Trial |

Xi

29

29

29

30

30

29

31

31

31

31

31

34

35

35

35

35

38

38

40

43

43

46



4.2.8 Number of Root Nodules of Cowpea Varieties in Trial 11
4.2.9 Leaf Area Index of Cowpea Varieties in Trial |
4.2.10 Leaf Area Index of Cowpea Varieties in Trial Il

4.3 The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield
Parameters in Trial |

4.3.1 Number of pods per plant

4.3.2 Pod weight

4.3.3 Pod length

4.3.4 Number of seeds per pod
4.3.5 100 seed weight

4.3.6 Seed weight per pod
4.3.7 Grain yield per plot (g)

4.4 The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield
Parameters in Trial 11

4.4.1 Number of pods per plant

4.4.2 Pod weight

4.4.3 Pod length

4.4.4 Number of seeds per pod
4.4.5 100 seed weight

4.4.6 Seed weight per pod -

4.4.7 Grain yield per plot (g)

4.5 The Effects of NPK Fertilizer, and Alectra on the Number of Alectra vogelii

Shoots and Cowpea Plants Infested in Trial |

4.6 The Effects of NPK Fertilizer and Alectra on the Number of Alectra vogelii

Shoots and Cowpea Plants Infested per plot in Trial Il

Xii

48

50

52

52
52
52

54

54

54

56

56

57
57
57

58

58

58

59

59

61

61



CHAPTER FIVE

5.0. DISCUSSION

5.1 Vegetative Growth parameters of Cowpea Varieties
5.2 Yield Components and grain yield of Cowpea Varieties
5.3 Alectra vogelii Growth Parameters

CHAPTER SIX

6.0. CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions

6.2. Recommendations

REFERENCES

xiii

64

64

67

69

70

70

70

71



LIST OF TABLES

Table

1: Geographical distribution of Alectra vogelii in Africa

2: The Physicochemical Properties of the Soil Sample used in the Experiment

3: The Effect of NPK Fertilizer and Alectra on Plant Height of Cowpea Varieties in Trial |

4: The Effect of NPK Fertilizer and Alectra on Plant Height of Cowpea Varieties in
Trial 11

5: The Effect of NPK Fertilizer and Alectra on Shoot Fresh Weight of Cowpea
Varieties in Trial |

6: The Effect of NPK Fertilizer and Alectra on Shoot Fresh Weight of Cowpea
Varieties in Trial 11

7: The Effect of NPK Fertilizer and Alectra on Root Fresh Weight of Cowpea
Varieties in Trial |

8: The Effect of NPK Fertilizer and Alectra on Root Fresh Weight of Cowpea
Varieties in Trial 11

9: The Effect of NPK Fertilizer and Alectra on the Number of Root Nodules in Trial |

10: The Effect of NPK Fertilizer and Alectra on the Number of Root Nodules in Trial 11

11: The Effect of NPK Fertilizer and Alectra on Leaf Area Index of Cowpea

Varieties in Trial |
12: The Effect of NPK Fertilizer and Alectra on Leaf Area Index of Cowpea
Varieties in Trial 11
13: The Effect of NPK Fertilizer, and Alectra on Yield and Yield Component in Trial |
14: The Effect of NPK Fertilizer, and Alectra on Yield and Yield Component in Trial Il

Xiv

Page

13

36

37

39

40

42

44

45

47

49

51

53

55

60



15: The Effects of NPK Fertilizer and Alectra on the Number of Alectra vogelii
Shoots Cowpea Plants Infested in Trial |
16: The Effects of NPK Fertilizer and Alectra on the Number of Alectra vogelii

Shoots and Cowpea Plants Infested in Trial |

XV

62

63



ABBREVIATIONS
WAS:  Weeks after Sowing
NS: Not Significant
SE: Standard Error
FAO: Food and Agriculture Organization
ITA: International Institute of Tropical Agriculture
IAR: Institute for Agricultural Research
IBPGR: International Board for Plant Genetic Resources
ANOVA: Analysis of Variance
NDMRT: New Duncan’s Multiple Range Test
N.B: Note Bene (Take special note of)
PASCON: Pan-African Striga Control Network
NPK: Nitrogen, Phosphorus, Potassium
ICRISAT: International Crops Research Institute for the Semi-Arid Tropics
IDRC: International Development Research Center
Na: Sodium
Mg: Magnesium
Ca: Calcium

GLM: General Linear Model

XVi



CHAPTER ONE
1.0 INTRODUCTION
1.1 Botanical Classification of Cowpea
Cowpea (Vigna unguiculata (L.) Walp) belongs to the class Dicotyledonae, order
Fabales, family Fabaceae, subfamily Faboideae, tribe Phaseoleae, subtribe Phaseolinae,
and genus Vigna (Padulosi and Ng, 1997). All cultivated cowpeas are grouped under
Vigna unguiculata, which is subdivided into four cultivar groups (cv. gr.): unguiculata
(the common cowpea), biflora (the catjang), sesquipedalis (the yard-long bean) and
textilis (used for fibers) (2001; Singh et al., 1997).
1.2. Origin, Domestication and Geographic Distribution of Cowpea
The specific origin of cowpea (Vigna unguiculata) has remained a controversial focus
for study to many botanists especially the specific primary centre of cultivation in Africa,
since it is the only place around the world where the diversity of wild forms of cowpeas
are found (Steele, 1979). Cowpea is considered to have been domesticated in Africa from
its wild ancestral form, V. unguiculata subsp dekindtiana (Harms) Verdc (Ng and
Marechal, 1985). However, the precise location of origin where cowpea was first

domesticated is still under speculation.

According to Ba et al. (2004), cowpea was probably domesticated in West Africa. Some
evidence shows that, the North-eastern part of Africa is the primary point of cowpea
domestication based on molecular studies (Coulibaly et al., 2002). South Africa is also
reported as the centre of origin but it is not yet clear where the crop was first planted in

the region (Timko and Singh, 2008).

Cowpea was probably introduced from Africa to the Indian subcontinent approximately
2000 to 3500 years ago (Tosti and Negri, 2002). From West Indies, cowpea was taken to

USA in about 1700 BC (Purseglove, 1984). The slave trade from West Africa resulted in

1



the crop reaching the southern United States of America in early 18th century, However,
many US cultivars appear more closely related to germplasm from Asia or southern
Europe than West Africa (Fang et al., 2007). Presently, cowpea is grown throughout the

tropical and subtropical regions of the world.

1.3 Botanical Description of Cowpea

Vigna unguiculata is a herbaceous, prostrate, climbing or sub erect annual plant, growing
15-80 cm high. Leaves are alternate trifoliate with petiole 5-25 cm long. The lateral
leaflet is opposite and asymmetrical, while the central leaflet is symmetrical and ovate.
The inflorescence are racemose, flowers are white, cream, yellow or purple. Growth
habit is either determinate or indeterminate. Seeds are variable in size and shape (kidney,
ovoid, crowder, globose or rhomboid) (IBPGR, 1983). Seeds are of various colours:
white, brown, black, cream or grey, dotted (black, brown), purple or red. Pod’s length

ranges from 8-22 cm with 10-20 seeds per pod (Timko and Singh, 2008).

1.4 Climatic and Soil Requirements for Cowpea Growth

Cowpea is a warm season crop and thrives in hot, moist conditions. Cowpeas have
similar growth requirements to soybeans and should not be planted until after the last
frost and only when the soil temperature has reached 18.3 °C (65 °F) to prevent seeds
rotting in the ground (Quinn, 2014). The plant is sensitive to frost. Cowpeas can be
planted in a wide range of soils, from acidic (pH 4) to neutral, as long as they are well-
drained but the plants are not well adapted to alkaline soil. For best results, cowpea
should be planted in a well drained sandy loam soil with a pH between 5.5 and 6.5 in an
area that receives full sunlight. Cowpeas are drought resistant and very heat tolerant,

which means they can be grown successfully in many areas (Quinn, 2014).



1.5. Importance of Cowpea

Cowpea occupies a very unique position in the world agriculture by value of its high
protein and starch contents and capacity to fix atmospheric nitrogen (Tarawali et al.,
2002). In many of the developing countries, cowpea is the major source of dietary
protein. IITA (2009) noted that there is a big market for cowpea grains and fodders in
West Africa; and that in Nigeria, farmers who cut and store cowpea fodder for sale at the
peak of the dry season have been found to increase their annual income by 25 % (Dugje
et al., 2009). Cowpea farmers, who adopted improved cowpea varieties and management

practices, reported an average of 55 per cent rise in their incomes (IITA, 2011).

Cowpea is among the major legume food in sub-Saharan Africa, especially in Southern
Africa where the grain and leaves are major sources of food and family income,
particularly for the low income households. The seed is reported to contain 24 % crude
protein, 53 % carbohydrates and 2 % fat (FAO, 2012), and also serves as a cheap source
of vitamins and minerals. The crop enhances the quality of the cereal based diets when
its high lysine content is combined with the high content of methionine and cystine of
cereals (Lambot, 2002). In terms of utilization, cowpeas can be used to prepare various
dishes, which are traditionally acceptable and valued. The young tender leaves can be
cooked and eaten as vegetable and the green pods can be cooked and eaten just like
green beans (Tarawali et al., 2002). In addition, the seeds can be cooked when fresh
(semi-ripe) or eaten as pulses when fully matured and dried. In most parts of Nigeria, this

protein-rich crop is processed into bean cakes, moi-moi and beans soup (I1TA, 2011).

A variety of birds, including wild turkey, eat the seeds and the plant can be used by quail
as cover. Some varieties of cowpea are used specifically for wildlife purposes (Hall et

al., 2003).



Cowpea can be used as forage, hay and silage. When used as forage, it should only be
lightly grazed after flowering (FAO, 2012). If there are several buds left after defoliation,
the plant will regenerate. When used as silage, it can be mixed with Sorghum, maize, or
molasses to provide sugar for fermentation (FAO, 2012). In some African countries,
several varieties of Cowpea have been grown together for both food and feeds (Cook et

al., 2005).

Cowpea has been used as both a cover crop and green manure (Clark, 2007). In addition,
the crop improves the cropping systems and soil fertility by reducing soil erosion,
suppressing the weeds and fixing atmospheric nitrogen which contributes to increased

yields of non-nitrogen fixing crops grown with or after it (Tarawali et al., 2002).

Allelopathic compounds in the plant may help to suppress weeds (Clark, 2007). Cowpea
has also been used successfully as groundcover in orchards and intercropped with cash

Crops such as cotton.

1.6 Cowpea Production

Cowpea is grown on approximately 12.5 million hectare of land in the world from which
3 million tonnes of grains are produced (FAOSTAT, 2012). Africa is the leading
producer, with West and Central Africa accounting for about 64 % of world production
(Singh et al., 2002). Nigeria is the world’s leading cowpea producing country, and
accounts for more than 50 % of the total world cowpea grain production, followed by
Brazil (Singh et al., 2002; FAOSTAT, 2008). Other countries from West Africa which
are important producers of cowpea are Niger, Burkina Faso, Senegal, Ghana, Cameroon
and Mali (Fery, 2002; FAOSTAT, 2008). Considerable production also takes place in
Asia and Oceania, the Middle East, Southern Europe, Southern USA, Central and South

America (Singh et al., 2002). The other important producers in Eastern and Southern



Africa are Ethiopia, Kenya, Tanzania, Malawi, Botswana, Zimbabwe and Mozambique
(Ehlers and Hall, 1997; NGICA, 2006).

In Nigeria, the greatest production of cowpea comes from the northern region. The north
produces about 1.7 million metric tonnes from 4 million hectares. This represents over
60 % of the total production (FAO, 2010). In 2010, Nigeria produced 2.2 million metric
tonnes of cowpea, making her the largest producer and consumer of the crop with the
estimated yield put at 687 kg/ha (FMARD, 2011).

1.6.1 Cowpea production constraints

Although cowpea is widely cultivated, the average yield on farmers’ fields are low,
estimated at 300 kg/ha (Takim and Uddin, 2010). The low yields have been attributed to
a number of biotic stresses such as insect pests, nematodes, diseases and parasitic weeds
and abiotic stresses such as drought, high temperatures, low soil fertility, low pH and
aluminum toxicity (Ehlers and Hall, 1997; Hall, 2004). Other factors include economic
constraints, wrong intercropping practices, inappropriate sowing date, use of poor
varieties, low plant density, use of late maturing varieties as well as inaccessibility to

extension services by the farmers (Coulibaly et al., 2002 and Stahley et al., 2012).

Parasitic weeds cause considerable damage and reduce the yield of cowpea in the
savanna belt of Nigeria. The most important parasitic weeds that affect cowpea in these
regions are Striga gesnerioides and Alectra vogelii. The damage on the crop is done
before the parasitic weed seedlings emerge above the ground (Singh and Emechebe,
1991). Striga gesnerioides is mostly confined to the Sudan and Sahel savanna while
Alectra occurs mostly in the northern Guinea savanna; they are regarded as hemi-
parasite. Alectra vogelii has been shown to cause extensive damage in groundnuts
(Arachis hypogaea), cowpea (Vigna unguiculata) and soybean (Glycine max) among

other legumes, with yield losses on cowpea reaching up to 70 % and even 100 % under



severe infestation (Kwaga et al., 2010a; Xie and Yoneyama, 2010)). Alectra vogelii was
reported to be one of the noxious weeds that contribute to yield losses in cowpea that
need to be managed in order to ensure high yield in production areas where this parasitic
weed was found to be a problem (Mbwaga et al., 2010).

1.7 Statement of Research Problem

Cowpea production has been constrained by Alectra vogelii (Benth) which attaches itself
to the roots of cowpea plants and diverts the assimilate from roots to itself, and hence
causes the reduction of the total biomass and yield (Singh and Emechebe, 1997). The
problem of Alectra vogelii appears to be widely spread in the sub-Saharan Africa
(Kabambe et al., 2005 and Karanja et al., 2013) and high cowpea yield losses have been
reported in areas infested by the parasitic weed (Emechebe et al., 1991; Lagoke et al.,
1994).

The effect of Alectra is equally devastating in heavily infested cowpea fields in
Botswana (Parker and Riches, 1993), Kenya (Bagnall-Oakely et al., 1991) Southern and
Eastern Africa (Kabambe et al., 2005; Mbwaga et al., 2010 and Karanja et al., 2013).
Yield losses associated with Alectra vogelii have been reported to range from 83 - 100 %
(Singh et al., 1993). Several cultivated lands have been abandoned due to high
infestations by this noxious parasitic weed (Lagoke et al., 1988). Dugje et al., (2006)
carried out a survey of the level of Alectra vogelii infestation on farmers’ field in North
Eastern Nigeria and reported that, more than 81 % of the fields grown to cowpea in this
region were infested with Alectra vogelii, resulting in serious yield losses.

Kudi and Abdulsalam (2008) reported that, Alectra vogelii spreads rapidly in areas of
low fertility and decreasing plant diversity; an experience of poor farmers in dry land

Zones.



Different control measures have been widely proposed for the control of A. vogelii and
these include hand weeding, chemical control, crop rotation and use of trap crop but with
little success (Boukar et al., 2004). The ability of the parasite to produce high quantity of
seeds, which can be dormant in the soil for more than ten years, and their intimate
physiological interaction with their host plants, are the main difficulties that limit the
development of successful control measures that can be adopted and used by subsistence

farmers (Rugare et al., 2013).

It has been suggested that, organic manure should be used in place of chemical fertilizer
to avoid long-term negative effects of chemical fertilizer on the soil (Parr et al., 1990).
However, organic manure is usually required in large quantity to sustain crop production
and may not be available to small scale farmers (Nyathi and Campbell, 1995), hence the

need for inorganic fertilizer.

1.8 Justification

Cowpea's high protein content, its adaptation to different types of soil and intercropping
systems, its resistance to drought, and its ability to improve soil fertility and prevent
erosion makes it an important economic crop in many developing regions. The sale of
cowpea haulms as livestock feed during the dry season also provides a vital income for
farmers. It is widely grown in the semi-arid zones of West Africa, where Alectra vogelli
(Benth.) is an important weed which affects the growth and development of the crop and
leads to yield reduction. Controlling Alectra vogelii has become an enormous task. There
is a need for continuous effort in solving Alectra problem in order to achieve sustainable
food production. Nitrogen fertilization is known to ameliorate the effects of Alectra on

cowpea.



The growth, development and yield of Alectra vogelii infested cowpea has been reduced
compared to the uninfected crop, hence the need for effective control measures to

combat the devastating effect of Alectra on cowpea.

For effective management in the fields, the survey carried out by Karanja (2009)
indicated that the combined use of host plant resistance/tolerance and crop rotation with
non-host nitrogen fixing legumes or increase in soil fertility and proper soil management
may not only stop further spread of the weed, but also reduce soil Alectra seed bank
Several authors have reported high yielding Striga/ Alectra resistant cowpea genotypes
which are becoming popular with farmers in West African Savanna (Singh et al., 2002;
Kamara et al., 2008). Therefore, evaluating the growth and yield responses of newly-
bred cowpea varieties under A. vogelii infestation and NPK fertilizer will provide useful
information on the reaction of the crop to the parasitic weed and amelioration of the

negative effect on the crop by fertilization.

1.9 Aim
The aim of this study is to evaluate the growth and yield response of some newly-bred

cowpea varieties to Alectra vogelii infestation and NPK fertilizer application

1.10 Objectives
1. To determine the effects of NPK fertilizer on the vegetative growth parameters of
some newly- bred cowpea varieties.
2. To determine the effects of NPK fertilizer on the yield parameters of some
newly- bred cowpea varieties.
3. To determine the effects of NPK fertilizer on Alectra infestation of some newly-

bred cowpea varieties.



1.11 Hypotheses
1. The NPK fertilizer has no significant effect on the vegetative growth parameters
of some newly-bred cowpea varieties.
2. The NPK fertilizer has no significant effect on the yield parameters of some
newly-bred cowpea varieties.
3. The NPK fertilizer has no significant effect on Alectra vogelii infestation of some

newly-bred cowpea varieties.



CHAPTER TWO

2.0. LITERATURE REVIEW

2.1 Origin and Spread of Alectra vogelii

Alectra vogelii Benth is a parasitic weed which attacks most of the legume crops in Sub-
Saharan Africa. Cowpea (Vigna unguiculata) is a major host for this weed but other
legumes like groundnuts (Arachis hypogaea L.), soybean (Glycine max. (L.) Merrill),
common bean (Phaseolus vulgaris) and other tropical legumes have been found to be
infested by A. vogelii (Kureh et al., 2005). Alectra is an annual weed which has spread in
most cowpea growing areas in Eastern Africa and yield losses of 50 to 100 % have been

observed in heavily infested fields (Kureh et al., 1999; Karanja et al., 2013).

Little is known of the origin of Alectra vogelii. It is presumably to have moved with the
cowpea crop during human migrations from West and Central Africa (CABI, 2012).
Although, A. vogelii is already widespread in semi-arid areas of Africa, further spread
might have occurred through contaminated seed shipments to markets or in grain
samples distributed throughout sub-Saharan Africa for trials by research organizations.
The accidental introduction of the related Striga asiatica, a noxious parasitic weed of
maize and other cereals, into the USA in the 1950s (Parker and Riches, 1993)
demonstrates that, long-distance spread of the tiny seeds of these root parasites is

possible.

In East and Southern Africa, cowpeas are heavily infested by Alectra vogelii which
reduces yield and sometimes total yield losses may be observed under the heavy
infestation by this parasitic weed (Atokple et al., 1995, Singh and Emechebe, 1997,

Singh et al., 1997).
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Alectra vogelii has spread in various parts of South and East Africa. Most parts of
Malawi including Lilongwe, Kasungu plains, Dowa and Blantyre Shile Highlands are
known to be infested with A. vogelii (Mainjeni, 1999, Kabambe et al., 2005,). Yield
losses ranging from 20 to 100 % has been observed in Alectra vogelii infested areas
(Bagnall-Oakley et al., 1991; Karanja et al., 2010). Alectra vogelii infestations have been
observed in other legume crops grown in Eastern and Southern Africa in various regions.
Groundnuts (Arachis hypogaea (L.)), bambara nut (Vigna subteraneane), soybeans
(Glycine max (L.)) and common beans (Phaseolus vulgaris (L.)), have also been
observed to be infected by Alectra vogelii (Riches, 1989, Riches et al., 1992, Lagoke et

al., 1993).

Alectra as a weed shows great phenotypic plasticity, wide environmental tolerance but
prefers permanently disturbed habitats (Emechebe and Singh, 1990). Alectra is known to
parasitize cultivated legumes in many parts of Africa. From Switzerland to the Transvaal
in Southern Africa, the range of this purely African species extends through Central
Africa to Burkina Faso and Mali in the West and Kenya in the East of the continent
(Riches, 1987). The seeds of most parasitic weed plants can be disseminated by a
combination of wind and water. Seeds of Alectra are also soil borne. Emechebe et al.
(1983) and Lagoke (1989) reported that, the seeds are spread by contaminated
agricultural equipments from one field to another and also by movement of the seeds of
cowpea or groundnut contaminated by the parasite from one place to another. There are
speculations that these parasitic weeds fed to animals on medicinal grounds are eaten
inadvertently by the animals in combination with other herbs, passed out undigested in
their excreta and therefore spread through their nomadic or seasonal movement across

the savanna zones (Berner et al., 1995).

11



Alectra vogelii is widely spread in Botswana, Malawi, Tanzania and Zimbabwe, with
few occurrences in countries such as Sudan, Burkina Faso, Ethiopia, Namibia and DRC
Congo. Alectra vogelii distribution is restricted in countries like Nigeria, Mali, South
Africa, Kenya and Angola. Alectra vogelii has been reported to be indigenous to
Botswana, Burkina Faso, Cameroon, Ethiopia, Ghana and Congo but not invasive in the

aforementioned countries (Table 1).

2.2 Botany of Alectra vogelii

Alectra vogelii Benth belongs to a family Scrophulariaceae (Timko and Singh, 2008), it
is an annual herb, 20-50 cm high; stems erect, simple or with several branches arising
from the base. The base of the stem and roots are orange-yellow. Alectra has yellow
flowers, leaves are opposite, ovate 7-25 mm long and 3-8 mm wide (Ghazanfar et al.,
2008). Other features of Alectra are the herbaceous shoot habit, dust-like seeds which
are produced in large numbers. Seeds are produced in capsule, each of which may have
400-500 seeds and over 90,000 seeds may be produced by a single plant depending upon
the branching and growth of the plants. The seeds are very small, measuring 0.15-0.25
mm in length (Singh and Emechebe, 1997). Longevity of the seeds in the soil varies
between 6 months and 20 years according to climatic conditions (Bebawi and Farah,
1981).

2.3 The life cycle of Alectra

Parasitic plants have evolved specific traits which allow parasitism or reflect the
consequences of adaptation to a parasitic life style. Critical stages in the life of an

obligate root parasite are as follows (Atera and Itoh, 2011; Cardoso et al., 2011):
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Table 1: Geographical distribution of A. vogelii in Africa

Country Distribution  Origin Invasive References

Angola Restricted Hutchinson and Dalziel,1963
Distribution

Botswana Widespread  Native Not invasive Philcox, 1990

Burkina Present, few  Native Not invasive Ramiah et al., 1988

Faso occurrences

Cameroon Restricted Native Not invasive Parker and Riches, 1993
distribution

DRC Congo Present, few  Native Not invasive Anota, 1991
occurrences

Ethiopia Present, few  Native Not invasive Stroud and Parker, 1989
occurrences

Ghana Restricted Native Not invasive Hutchinson and Dalziel, 1963
distribution

Guinea Restricted Native Not invasive Hutchinson and Dalziel, 1963
distribution

Kenya Restricted Native  Not invasive Bagnall-Oakeley et al., 1991
distribution

Malawi Widespread Philcox, 1990

Mali Restricted distribution Hoffman and Diara, 1991

Mozambique Restricted distribution Philcox, 1990

Namibia Present, few occurrences Visser, 1978

Nigeria Restricted distribution Hutchinson and Dalziel,

1963

Sierra Leone
South Africa
Sudan
Swaziland
Tanzania
Uganda
Zambia
Zimbabwe

Present, few occurrences
Restricted distribution
Present, few occurrences
Restricted distribution
Widespread

Present, few occurrences
Restricted distribution
Widespread

Visser, 1978

Parker and Riches,1993
Melchior, 1941

Visser, 1978

Philcox, 1990

Riches, 1989

Philcox, 1990

Philcox, 1990

Source: CABI, 2012
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I the identification of a suitable host, thus associating germination and seedling
growth with the presence and direction of a potential host;

ii. gain of access to the host’s nutrients and water supply; this process involves
the production of a functional haustorium;

iii. Completion of the life cycle on the host; this includes the establishment of

parasitism and its maintenance until seeds are set.

2.4 Host Range of Alectra vogelii

Cowpea is the major crop host of A. vogelii (Parker and Riches, 1993). Alternative host
include bambara nuts, groundnuts, common bean, soyabean, mung-bean, and tepary
beans and it has also been reported to infest chickpea and runner bean (Parker and
Riches, 1993). There is a clear geographic variation in the host range in different regions
of Africa infested by A. vogelii. Although, different populations of Alectra vogelii that
infest legume plant most are mostly host specific, infesting groundnuts, cowpea,
bambara nuts or mung-bean (Riches et al., 1992). Apart from legume crops, Alectra has
also been reported as a parasite on non-legume weeds including Acanthospermum
hispidum, Vernonia poskeana (Compositae), Euphorbia spp. (Euphorbiaceae) and
Hibiscus (Malvaceae) species, in addition to common legume weeds including

Indigofera and Tephrosia species.

2.5 Nature of Parasitism of Alectra Vogelii to Cowpea

2.5.1 Attachment of Alectra vogelii to cowpea

The biology of the cowpea parasite, Alectra vogelii shares many biological
characteristics with another cowpea parasite; Striga gesnerioides (Igbinnosa and
Okonkwo, 1991; Samb and Chamel, 1992). Alectra vogelii seeds germinate when

exposed to root exudates from cowpea, other host and a few non-host plants. Radicle
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elongates, showing a chemotropic response to a concentration gradient of roots exudates.
Radicular apex develops numerous hairs, which attach to host roots, once it comes into
contact with the host roots. Alectra radicle penetrates and stimulate cell division in the
host root (Frost et al., 1997). The new host cells, together with growing parasite tissue,
form a large haustorium, uniting the parasite with tissue in the host’s stele which
eventually permits transfer of water and nutrients from host to parasite. Alectra tends to
form a large haustorium than Striga. However, both Striga and Alectra shoots emerge
from the haustorium about 2 weeks after attachment and grow into plants which may be
15-25 cm tall (Agrios, 2005). The haustorium is the nodal point in the identification of
the parasitic habit in Angiosperms. It is a vital conducting organ for parasitism and forms
an anatomical bridge through which physiological continuity is maintained between the

parasite and host.

2.5.2. Symptoms of Infestation by Alectra vogelii to Cowpea

The parasitism of Alectra begins about 2-3 weeks before its emergence above the soil,
but symptoms of infection by Alectra can be noticed on cowpea plants much earlier
before emergence of the parasite. Symptoms associated with Alectra infected plant
include general stunting and wilting with reduced numbers of flowers and pods, and
plant may be completely wilted, if there is acute moisture deficit (Emechebe et al.,
1991). However, time and level of infestation in cowpea by Alectra determine the extent
of yield reduction (Singh and Emechebe, 1991; Parker and Riches, 1993; Lagoke et al.,
1993). Cowpea plants that are infested by A.vogelii often appear wilted prior to Alectra
emergence. Serious crop Yield losses caused by A. vogelii, have also been reported in

cowpea and groundnut (Atokple et al., 1995).
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2.6 Effects of Alectra vogelii Infestation on Growth and Yield Components of
Cowpea

Cowpea is among the legume crops which suffers a serious damage from infestation by
A. vogelii in various part of the Sub- Saharan African (Mbwaga et al., 2010; Kabambe et
al., 2008). The negative effect of Alectra in reducing the vegetative and grain yield of
cowpea is due to competition for growth factors. It can reduce the yield of host crop by
>50 % and may even cause complete crop failure (100 % vyield loss) under severe
infestation. Hence, the weed does not only deprive the host plant of nutrients, but it also

wastes the energy utilized for their uptake (Singh et al., 2002).

Other workers have found out that, Alectra vogelii infestation causes a reduction in
number of pods per plant, weight of pod, number of seeds per pod, weight of seeds and
chlorophyll contents of the leaves among susceptible genotypes (Kutama et al., 2013).
Effect of A. vogelii infestation on cowpea was also observed in roots biomass, the
thickness of the stem, root nodulation as well as reduction on plant biomass (Geleta,

2010; Omoigui et al., 2012; Kutama et al., 2013; Karanja et al, 2013).

Alectra vogelii causes premature defoliation in groundnut as it depletes the crop of
nutrient thereby causing dramatic reduction in crop yield (Kwaga, 2004). Noubissie et al.
(2010) reported that, cowpea varieties that supported a higher number of Striga had
lower number of pods, grain and fodder yield than the Striga- resistant genotypes.
Cowpea plants that are infested by A.vogelii often appear wilted prior to Alectra
emergence. Infection also results in delayed onset of flowering, reduced number of
flowers and pods, and hence a reduced yield of cowpea seed even when soil moisture is
not limiting (Magani and Lagoke, 2009). Studies also show that, Alectra infection
reduced shoot dry matter by over 50 % (Alonge et al., 2002). Alonge et al. (2001a) also

reported that, Alectra infestation reduced leaf area and inhibited nodules formation of
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most cowpea Vvarieties at certain growth stages, and this was much more severe in the
heavily infested and late sown crop. The carbon transfer from the shoots to the roots due
to changes in sink demands largely accounted for the reduction in shoot biomass and was

reported to be responsible for the reduction in pod formation (Rambakudzibga, 2000).

2.7 Control of Alectra Vogelii

With reference to non-parasitic weeds, the control of parasitic weeds has proved to be
exceptionally difficult. The parasitic weeds are propagated by seeds. The ability of the
parasite to produce a tremendously high number of seeds, which can remain viable in the
soil for more than ten years, and their intimate physiological interaction with their host
plants, are the main difficulties that limit the development of successful control measures
that can be accepted and used by subsistence farmers (Rugare et al., 2013). In small scale
farmers’ fields, common traditional methods of weed control like hand weeding by hoe
and crop rotation have been used since long time and they are still under practice to date
since they are simple and affordable to anyone but not effective as much as parasitic
weed control strategies are concerned (Boukar et al., 2004). Screen house evaluation of
Azadirachta indica and Parkia biglobosa to control S. hermonthica seeds germination

were effective to reduce Striga emergence (Marley et al., 2004).

Several control methods have been evaluated on parasitic weeds (Parker and Riches,
1993; Kroschel, 2001 and Omanya, 2001) and details are explained in sub-sections 2.7.1

to 2.7.5 below.

2.7.1. Cultural control
Part of the cultural control options being used for parasitic weeds are; catch and trap-

cropping available for reducing the size of the Alectra vogelii seed bank in the soil.
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Catch crop

Catch crop is a susceptible species which is sown in and harvested after parasite
attachment but before emergence and seed production. Catch crops are those susceptible
to the parasite and thus become infested. Before the parasite has the chance to flower and
to set seeds, the farmer should uproot the catch crop to destroy the parasite (Oswald et
al., 1999). The most promising catch crop for Striga hermonthica control is the use of
Sudan grass (Sorghum sudanense L.) (Last, 1961; Oswald et al., 1999). However, catch
cropping has rarely been used by small scale farmers to control Striga because the
technique is not well known or understood and holds serious disadvantages, if not
adapted to a specific cropping system (Oswald et al., 1999).

Trap crop

Trap crop is a crop which stimulates Striga seed germination, but cannot be infested by
the parasite. Trap cropping is a control measure adopted against parasitic weeds such as
Alectra and related parasitic weeds. Soyabean has been shown to reduce the seed bank of
Striga hermonthica a semi-parasitic weed in cereals such as Sorghum and millet, by
causing suicidal germination. After induction of germination of Striga seeds, it prevents
the attachment of the parasite to its roots which lead to death of the parasite (Kureh et al.,
2005). De Groote et al. (2010) also found that, the use of leguminous trap crops that
include varieties of groundnut (Arachis hypogaea), soybean (Glycine max), cowpea
(Vigna unguiculata) and sesame (Sesamum indicum) stimulate the suicidal germination
of Striga. Trap-crops produce the Alectra germination stimulant in their root exudates
but are not susceptible to attack by the parasite seedlings. Some grain or fodder cultivars
of pearl millet and bambara nut, are not attacked by the local biotype of the parasite, but
are potent stimulators of A. vogelii germination (Parker and Riches, 1993). These can be

used in a rotation to cause suicidal germination of the parasite and hence reduce the
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number of seed in the soil. Yunusa et al. (2013) reported that, pre-treating Alectra
infested soil by growing Amaranthus lines before planting susceptible cowpea SAMPEA
7 reduced the emergence of Alectra in the soil infested with the parasitic weed seeds.
Lagoke et al. (1997), Oswald (1997) and Ariga et al. (1997), reported that, intercropping
of maize with non-host crop improved soil productivity and reduction of S. hermonthica

seed bank in the soil as a result of suicidal germination of Striga seeds by non-host.

The most promising trap crops reported for Striga species are recently listed by Kroschel
(2001). Trap cropping for Striga control include rotation with groundnut, bambara
groundnut, pigeon pea and soyabean. It is obvious that, farmers from countries or regions
with possibilities for marketing Striga trap crops like cotton and soybean have an overall
advantage in adopting such farming systems (Kroschel and Sauerborn, 1996). Alectra
vogelii may also be controlled through the use of trap crops such as dolichos bean
(Lablab purpureus [L.] Sweet), cotton (Gossypium), Okra (Hibiscus esculentus L.) and

faba bean.

2.7.2. Chemical control

Alectra vogelii is predominantly a pest of crops grown by peasant farmers who rarely
have the finance to access herbicides. Little attention has therefore been given to the
development of chemical control. The chemicals being tried in the control of witchweed
can be divided into two general categories, i.e. pre—emergence and post-emergence
(Ayensu et al., 1984). Pre—emergence herbicides that are capable of controlling these
parasitic plants include the dinitroanilines (DAN’s) and Diphenylethers (Eplee et al.,
1991). These herbicides act as barriers to prevent Striga emergence. Post— emergence
herbicides most commonly used to stop the reproduction of Striga are the salt

formulations of 2, 4-D as reported by Lagoke et al. (1993). These chemicals are applied
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to Striga foliage at about the time of flowering at the rate of 0.5 — 1.0 kga.i/ha
(Choudhary and Lagoke, 1980). Garcia-Torres et al. (1992) also reported an effective
control of Alectra vogelii with imazaquin at 0.80 kg a.i/ha.

The potential for controlling the weed by treating cowpea seeds with the herbicide
imazaquin before planting has been demonstrated (Berner et al., 1994). Results of
experiments to develop a cowpea seed treatment in the laboratory and screen house to
control both Striga gesnerioides and Alectra vogelii, that consisted of a five minutes
seeds soaking in solutions of imazaquin in concentrations ranging from 1.8 to 7.2 mg
a.i/ml reduced parasite attachment by 90 % in comparison to untreated controls (Berner
et al., 1994). Results of experiments also proved that, herbicide seed treatment using
imazathpyr appears to be a promising approach for the control of Striga in maize or
Sorghum (Kabambe et al., 2008). Satish et al. (2012) has also reported that, coating of
Sorghum seeds with herbicide reduced Striga infestation, Striga flowering and Striga
seed set, and it is considered as the most effective as it does not affect Sorghum biomass.
Magani and Lagoke (2009) reported an acceptable cowpea yield and lower number of
plants infested by the parasitic weed using a combination of pre-emergence (metazachlor
+ antidote) herbicide. Satish et al. (2012) reported that, a combination of urea and
dicamba effectively controlled Striga between 62-92 % in Sorghum, while chlorsulfuron
in combination with dicamba controlled Striga as much as 77-100 % in Sorghum. They
also concluded that farmers can reduce cowpea infection by A. vogelii when pre-
emergence herbicide mixtures containing pre-emergence (metazachlor + antidote) are
applied, followed by post-emergence application of imazaquin at 0.18 kg active

ingredient/ha (Magani and Lagoke, 2009).

Many herbicides are useful in preventing the build- up of Striga seeds in the soil but may

not prevent damage prior to their emergence (Xier and Yoneyama, 2010).
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2.7.3 Use of resistant varieties

Improved cowpea cultivars which combine resistance to A. vogelii, Striga gesnerioides,
and several insect pests and fungal diseases have been developed in West Africa (Singh
et al., 2006). These include the cultivars like IT90K-76-6 and 1T90K-82-2 which have
been released for commercial production in Nigeria (Singh et al., 2006). These are not,
however, resistant to biotypes of A. vogelii from southern Africa (Riches, 2001). The
Botswana cowpea landrace accession B359 has been shown to be resistant to samples of
the parasite from Botswana, Malawi and Kenya, so could be used as a parent for
breeding improved cultivars for East and Southern Africa (Riches et al., 1992; Riches,
2001). Potentially, useful levels of resistance to Alectra have also been demonstrated in
germplasm of bambara nut (Riches et al., 1992) and cultivars of soyabean (Kureh and
Alabi, 2003), but multi-location testing is needed to confirm the value of these lines in
the field. Several authors have reported improved, high yielding Striga/Alectra- resistant
cowpea genotypes, which are becoming popular among farmers in West African

Savanna (Singh et al., 2002; Kamara et al., 2008).

2.7.4 Biological control

The objective of weed biological control is not the eradication of weeds but the reduction
and establishment of a weed population to a level below the economic threshold (Atera
et al.,, 2011). Means of biological control of weeds comprise of herbivorous insects,
microorganisms (especially fungi) and smother plants (Ejeta, 2007). The method
involves importation, colonization and establishment of exotic natural enemies which
include predators and parasitoids. Efforts to manage weeds using biological control have
been gaining momentum throughout the world, especially in the recent past. Biological

control is considered as a potential cost-effective, safe and environmentally beneficial
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alternative mean of reducing weed populations in crops, forests or rangelands (De Groote

et al., 2010).

2.7.5. Integrated control

Integrated control method was found to be built around the use of resistant crop cultivars
(if possible), or choice of the tolerant cultivar that is currently available. Timely
destruction of legume crop residues is important to prevent parasite seed production after
harvest. Hand-pulling by uprooting the A. vogelii shoots carried out on lightly infested
areas, particularly in fields which have not previously had a history of infestation has
also been included as part of integrated control method (CABI, 2012). Moderately
tolerant varieties which help to reduce Alectra seed bank in soil when they are used in
combination with other control measures was also found as good part of integrated
control method of A. vogelii (Adetimirin et al., 2000; Kim, 2000). Adu et al. (1989)
reported that, lower levels of N in combination with some host resistance would be
appropriate to reduce Striga infection.

Combined use of row planting, fertilizers and hand pulling (during flowering) registered
48 % higher grain yield and over 50 % reduction in Striga shoot count (Hearne, 2009).
For effective management in the fields, the survey carried out by Karanja, (2009)
indicated that, a combined use of host plant resistance/tolerance and crop rotation with
non-host nitrogen fixing legumes, increase of soil fertility and proper seed management
may not only stop further spread of the weed, but also reduced soil seed bank for Alectra.
2.8 The Role of Nitrogen Fertilizer on the Growth and Yield Components of
Cowpea

Hasan et al. (2010) conducted a study to investigate the effect of nitrogen on the biomass
yield of cowpea forage and found that, application of Nitrogen at the rate of 25 kgN/ ha

gave a biomass yield of 5.47 tonnes/ ha and increasing the application to 30 kgN /ha did
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not differ significantly with a yield of 5.49 tonnes/ ha. Graham and Scott (1984) reported
that, nodulation in cowpea was inhibited by nitrogen fertilizer application at rates greater
than 30 Kg/ha. Also, Abayomi et al. (2008) reported that, nodulation in cowpea
significantly reduced as fertilizer rate increased from 0 to 300 kg NPK/ha and this was in
line with an earlier finding that, nodulation in cowpea was inhibited by nitrogen fertilizer
application at rates greater than 30 kg/ha (Rhodes, 1981). Also, application of inoculant
and nitrogen reduced the nodule number significantly (Emmanuel, 2014). Dart et al.
(1977) reported that, application of a small quantity of nitrogen (20 kg N/ha) enhanced
early vegetative growth and this may be due to the stimulating effect of nitrogen on root
activity and rooting pattern (Buries, 1959). This was confirmed by the report from
Abayomi et al. (2008) that, application of NPK fertilizer enhanced growth parameters of
cowpea. A study carried out by Whitney (1984) showed that, even though the application
of nitrogen fertilizer at flowering promoted vegetative dry weight of cowpea, it

decreased nodule dry weight.

2.9 The Role of Phosphorus Fertilizer on the Growth and Yield Components of
Cowpea
Ayodele and Oso (2014) working in EKiti, sub-humid Nigeria, found that, application of
P at 20 kg/ ha in the presence of basal 20 kg N and 30 kg/ ha is optimum P rate for
cowpea production with a grain yield of 1.26 tonnes/ ha compared to 0.78 tonnes/ ha for
the control. Similarly, Magani and Kuchinda (2009) reported that, grain yields realized
with 35.5 kg P/ha did not differ significantly from that of 75 kg P/ ha giving a yield of
1.85 tonnes/ ha and 1.91 tonnes/ ha, respectively. Ndor et al. (2012) also suggested that,
40 kg P/ ha fertilizer could be the best P fertilizer level for cowpea in the Southern
Guinea Savanna zone of Nigeria. Osunde et al. (2007) evaluated the response of 15

cowpea lines to low (0 kg P/ ha), intermediate (20 kg P/ ha) and high (40 kg P/ ha)
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phosphorus level in the Southern Guinea Savanna zone of Nigeria. With a basal
application of 20 kgNha™ and 30 kgN /ha, the grain yields of the cowpea lines increased
as applied P rates were increased. Yields ranged from 1.7 tonnes ha™ to 3.0 tonnes ha™.
The addition of 20 kg P ha™ significantly increased the yield of 5 lines while 3 other
lines had yield increases due to application of 40 kgP ha™. Seven lines however did not
show vyield increase due to P application which was attributed to genotypic variations.
Azarpour et al. (2011) reported that, 45 kg P ha™ gave the highest grain yield of 1.57
tonnes ha™ against the yield of 0.88 tonnes ha™ from the control plot in Iran. According
to Abayomi et al. (2008), application of phosphorus fertilizer decreased nodulation in
cowpea which was contrary to a report by Ayodele and Oso (2014) that, nodule count
and weight increased with applied P and were highest at 60 and 40 kg P, respectively,
which is one of the advantages of P application on cowpea (Okeleye and Okelana, 1997).
Ayodele and Oso (2014) observed that, application of 20 kg P /ha produced the highest
leaf area index, number of flowers and pods/plant and this resulted in the highest yield

grain at the same rate.

2.10 The Role of Potassium Fertilizer on the Growth and Yield Components of
Cowpea

Potassium plays an important role in the growth and development of legumes. It
increases frost and disease tolerance, palatability and storage quality, as well as yield.
Potassium regulates several plant processes including water and nutrient transport across
cell walls and regulation of water and carbon dioxide exchange through stomata

(Manitoba soil fertility guide, 2004).

Potassium is the most abundant cation in plants and contributes to 10 % of the dry plant
mass (Leigh and Jones, 1984). Potassium is applied in the form of potassium sulphate or

potassium chloride (water soluble). Potassium is an important macro nutrient for
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metabolic growth and stress adaptation (Tiwani et al, 2001). It is important in stabilizing
protein synthesis, activation of enzymes as well as maintenance of cytoplasm pH
(Marschner, 1995). The overall functioning of plant parts depends on the mobility of
potassium as it is responsible for sustaining the mobility of other factors like H*, sugars
and NO3™ throughout the whole plant (Marschner, 1995). Potassium is reported not only
to increase yield but also to increase the uptake of major nutrients like nitrogen,
phosphorus, magnesium, calcium and sulphur required for plant growth. There was up to
56 % increase in yield of soybean when 20 kgK/ha was applied ((Marschner, 1995).
Grewal et al. (1994) reported seed yield of soybean on loamy sandy soils following the
application of 25 kgK/ha of potassium fertilizer. Plant height of soyabean was
significantly increased by the effect of potassium. Mokoena (2013) reported a reduction
in leaf area index of soybean due to application of 20 kgK/ha. Application of potassium
enhanced the pod length and pod weight of soybean (Mokoena, 2013). Dixit et al. (2011)
reported a significant increase in 100 seed weight of cowpea plant by an application of
40 kgK/ha in comparison to farmers’ practice where there was no application of
potassium. The highest grain yield was obtained with the highest application of

potassium as reported by Mokoena (2013).

2.11 The Role of Organic Manure on the Growth and Yield Components of Cowpea
Adeniyan and Ojeniyi (2005) reported that, integrated application of poultry manure and
NPK fertilizer increased maize yield. Akanbi et al. (2005) reported that, the combined
application of 4 t/ha of maize straw compost and N mineral fertilizer at 30 kg/ha on
soybean improved its yield significantly. Omotosho (2014) reported that, the number of
nodules per plant of cowpea was significantly reduced as poultry manure rate increased.

Omotosho (2014) reported that, combined applications of pig manure and inorganic

fertilizer NPK enhanced cowpea growth and development when compared to untreated
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plots. Also, Omotosho (2014) reported that number of leaves and number of branches per
plant were also significantly increased with the increased rate of fertilizer application
and that the highest number of leaves and number of branches were observed with the
application of 8 t/ha Pig manure + 60 kg NPK. Similarly, Adeoye et al. (2011) reported
that, a combination of poultry manure and cattle manure improved leaf area and height of
cowpea plants. This improvement is associated with increased nitrogen, phosphorus and
potassium levels in the soil as affirmed by Reyhan and Amiraslani (2006). Adeoye et al.
(2011) observed that, poultry manure improved cowpea yield when compared with cattle
manure and this was in line with the findings of Reyhan and Amiraslani (2006) that, high
cowpea yield may be inhibited by the application of cattle manure due to its salinity
effect, if too high may affect the yield considerably. Karanja et al. (2011) concluded that,
farmyard manure application is advantageous in reducing the effect of Alectra parasitism
on cowpea. They reported that, application of farmyard manure at 5 and 10 tonnes/ha
reduced A. vogelli density by >50 % at 6, 8, 10 and 12 WAP with increase in mean

number of pods per plant and yield.

2.12 Role of N. P. K Fertilizer on Alectra Infestation on Cowpea

Different control strategies as mentioned in Section 2.3 have been developed and used by
farmers in the areas where Alectra appears to be a problem in order to alleviate the
damage caused by this parasitic weed. Emechebe et al. (1991) reported that, the
application of high nitrogen dose (120 kgN/ha) drastically reduced the incidence of
infestation by Striga gesnerioides in cowpea without significantly affecting grain yield.
Magani et al. (2008) reported that, early germination of Alectra was achieved with
application of N at rate of 30 KgN/ha. Nitrogen has been reported to delay Striga
emergence, cause the stunting of emerged shoots and reduce its flowering and dry matter

production (Gworgwor and Weber, 1991).
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In India, N applied to heavily infested Striga fields grown with pearl — millet reduced the
incidence of Striga and doubled crop yields (Marthur and Marthur, 1967). Also, in
Sudan, application of 90 KgN/ha on soil that was lightly infested with S. hermonthica
tripled grain yields of millet from 1278 to 3957 Kg/ha while the relative effect was
greater in highly infested soil with severe attack (Last, 1961). Also, nitrogen application
at the rate of 50 kgN/ha did not only reduce parasitism in groundnut but also enhanced

yield as reported by Kwaga et al. (2010a).

Earlier works have shown that, high N reduces stimulant production from Sorghum and
can delay Striga emergence and reduce its infestation (Parker, 1984; Sharif and Parker,
1986; Raju et al., 1990). This might be through physiological changes in the growth rate
of the cell in the active stimulant producing area of Sorghum roots. The mechanism by
which high N reduced Striga infestation could be attributed to the production of low
germination stimulant by Sorghum under high Nitrogen (Parker, 1984; Adeosun, 1990;
Ngawa, 1992). Psech et al. (1991) remarked that, urea exerted inhibitory effects on the
germination and development of Striga radicle. Similarly, Egley (1971) observed that
mineral nutrients exhibited toxicity to parasite once the minerals exceeded certain
threshold level.

Zerihun (2015) reported that, the number of Striga decreased as N level increased from
zero to 92 kg N ha-1. Kwaga et al. (2010a) reported that, Alectra incidence was
suppressed by application of fertilizer at 50 kgN/ ha and thus increased pod yield above
that of unfertilized treatment. This was attributed to the low nitrogen status of the
experimental site (Enwezor et al., 1989). Similarly, Magani et al. (2008) reported that
the number of infested plants were consistently reduced by 60 kgN/ha, although, this rate
depressed cowpea grain yield compared with 0 and 30 kg N/ha. In a similar study in sand

culture, Emechebe et al. (1991) showed that, 140 ppm N applied as sodium nitrate
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(NaNOs3) solution completely reduced the incidence of S. gesnerioides with a
concomitant decrease in nodule numbers.

Phosphorus fertilization is beneficial in improving groundnut yield even under Alectra
infestation. Application of 20 Kg P/ha of phosphorus significantly increased groundnut
pod weight and seed yield compared with zero phosphorus application (Magani et al.,
2008). It was also observed that, the highest levels of N and P increased days to Alectra
emergence (Magani et al., 2008). Similarly, Magani (1994) and Olufajo (1996) reported
an increase in cowpea grain yield with the application of phosphorus under Alectra
infestation. However, Phosphorus fertilization enhanced root density thereby resulting in
greater production of stimulant that could have induced emergence of more Alectra
shoots (Ngawa, 1992). The use of either 30 Kg N/ha, 20 Kg P/ha or 40 Kg P/ha alone in
cowpea variety VITA — 3 reduced days to Alectra emergence compared with the highest
in cowpea variety TN 93 — 80 as reported by Magani et al (2008). However, the number
of plants infected with Alectra were also observed to be highest in SAMPEA — 7 treated

with 40 Kg P/ha.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1. Experimental Sites
Two pot trials were conducted, one in the Department of Agronomy from April to
August 2016, and the other in the Screen house of the Department of Soil Science, from

October 2016 to January, 2017, both in Institute for Agricultural Research (I.A.R).

3.2. Experimental Materials and Sources

Cowpea Seeds

A total of four (4) newly-bred cowpea Lines (ITO8K-125-107, ITO6K-128, ITO7K-303-1,
and ITO7K-299-6) were sourced from the International Institute of Tropical Agriculture
(IITA), Kano sub-station. These varieties were bred for; Drought tolerance, Pest and

disease resistance (Aphid tolerance) and High yield.

Alectra vogelii Seeds

Matured Alectra vogelii plants were collected from an Alectra infested field in Darawa,
Dutsin-Ma, Katsina State. The Alectra plants were bagged in paper bags and sun dried.
The well dried Alectra floral heads were tapped gently with a wooden stick to release the
seeds. The seeds were then sieved using a 150 micron sieve and were stored at room

temperature till use.

Soil
The top soil used in the experiment was collected from I.A.R farm, Shika, and fine sand
was collected from a stream in Area BZ, Ahmadu Bello University Staff Quarter, Zaria.

The top soil and sharp sand soils were mixed at a ratio of 1:1.

NPK Fertilizer (15:15:15)

NPK fertilizer (15:15:15) was purchased from Samaru market.
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3.3 Soil Analysis

Prior to pot preparation, a sample of the top soil and sand mixture was taken and
analyzed for its physical and chemical parameters including particle size distribution,
pH, exchangeable cations, total nitrogen, available P and organic matter at the
Department of Soil Science, Institute for Agricultural Research, Samaru.

3.4 Preparation of Alectra Innoculum

Alectra seeds innoculum was prepared by mixing 10 g of Alectra seeds with 250 g of
sieved sand .The mixture was shaken thoroughly in air-filled polythene bag for 5 minutes

to ensure a uniform distribution of Alectra seeds as described by Alonge (2000).

Pot soil was inoculated with Alectra by making a hole/depression in the centre of the soil
each pot, and a soft drink bottle cap full of the Alectra innoculum (about 4.8 g) was

introduced into the hole (Alonge 2000).

3.5 Treatment and Experimental Design

The study involved two trials, each with the following treatments:

1. Four (4) levels of NPK fertilizer (0, 100, 200 and 400 kgNPK/ha),
2. Four cowpea varieties (ITO8K-125-107, ITO6K-128, ITO7K-303-1, and ITO7K-
299-6)

3. Two Alectra inoculation levels (inoculated and uninoculated)

For each treatment, there was a total of 576 polythene bags (20 cm x 18.9 cm), each
filled with 3 kg of the soil mixture each. The pots were arranged in a completely
randomized design with three replication and 6 pots to represent each treatment replicate.

Fertilizer was applied to the plants at two weeks after sowing (2 WAS).
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3.5.1 Sowing of cowpea seeds

Four seeds each of the cowpea varieties dressed with Apron star were sown per pot.
Thinning was done at 2 weeks after sowing (WAS), reducing the seedlings to two per pot
thereby reducing intra-specific competition.

3.5.2 Cultural practices Adopted

Cultural practices employed included, weed control by weekly hand-pulling control,
watering was done at intervals of two days using a 200 ml water beaker. Insect pests
were controlled using Lambda-cyhalothrin (Karate 2.5 EC) sprayed at 5 ml/litre of water
using a CP30 knapsack sprayer. Spraying commenced at 3 WAP and continued at
intervals of 2 weeks till pod maturity.

3.6 Harvesting of cowpea pods

Harvesting of the pods commenced when the pods had matured. The pods were then

dried under the sun and threshed.

3.7 Sampling of cowpea plants

Sampling of the cowpea plants was conducted at 6, 9 and 12 WAS in trial 1 and at 5, 7
and 9 WAS in trial Il, one pot from each treatment in each replicate was sampled. The
soil was gently separated from the plant root and washed thoroughly in clean water; the
sampled plants were spread on clean table for water to drain off. A razor blade was used

in separating the roots from the shoots.

3.8 Data Collection
Data such as plant height, root fresh weight, shoot fresh weight, number of emerged
Alectra shoots, number of attached Alectra roots, number of pods per plant, dry pod

weight, 100 seeds weight and leaf area index were collected.
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Plant Height: Plant height was measured by placing a metre rule from the stem base at
soil level to the apex of the tallest shoot at 6, 9 and 12 WAS, and 5, 7 and 9 WAS in trial
I and Il respectively.

Root Fresh Weight: The plants were removed from the soil and excess soil was washed
off. Surface moisture was drained off by placing the plant on a clean table. The root of
the plant was detached from the shoot using a razor blade and weighed immediately on a
weighing balance at 6, 9 and 12 WAS, and 5, 7 and 9 WAS in trial I and 11 respectively.
Shoot Fresh Weight: the detached plant shoot was weighed on a weighing balance.

Leaf Area Index per pot: The area of the cowpea leaf was determined using a leaf area
meter (Licor, LI-3100C Area meter) and the leaf area index was calculated using the
following formula

Leaf Area (cm?)

Ground Area (cm?)

Leaf area index =

Root Nodules Count: The washed sampled plants were used to determine the root
nodules. The root nodules which are very visible to the naked eyes were detached and
counted while those that are not very visible with the naked eyes were counted with the
aid of a hand lens.

Number of Emerged Alectra Shoots per plot: This was determined by taking a head
count of the Alectra shoots per pot at 9 WAS.

Pod Weight: Pod weight was obtained by placing the harvested pods on a weighing
balance and the average weight per pot was recorded

Number of Seeds per Pod: The number of seeds per pod was obtained by randomly
selecting dried pods from each treatment replicate. The randomly selected pods were

split open and the seeds were collected and counted.
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100 - Seed Weight: The harvested pods were threshed and winnowed, before one
hundred (100) seeds were selected from each treatment replicate and placed on a

weighing balance and the weight recorded as 100 seed weight
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3.9 Data Analysis

The data collected on the above parameters were subjected to analysis of variance
(ANOVA) using the SAS System (GLM procedure). Significant means treatment
differences were separated using the New Duncan Multiple Range test (NDMRT) at 5 %

probability level.
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CHAPTER FOUR
4.0 RESULTS
4.1 Physical and Chemical Properties of the Soil
The physical and chemical properties of the soil mixture used in the experiment showed
that the soil was sandy loam. The soil used in the experiment is sandy loam. The
chemical properties of and contains Calcium (7.20 mol/kg) and Nitrogen (0.18 mol/kg)
Phosphorus, Organic carbon, Mg, K, and had a pH of 5.90 (Table 1).
4.2 The Effect of NPK Fertilizer and Alectra on Vegetative Growth Parameters
4.2.1 Plant height of cowpea varieties in Trial |
The plant height of cowpea variety ITO7K-303-1 was significantly taller than that of
ITO7K-299-6 at 6 WAS and also ITO8K-125-107 and ITO6K-128 at 9 WAS (Table 3). At
12 WAS, ITO6K-128 resulted in taller plants than all the other varieties, followed by
107K-303-1 which was in turn taller than the others. On the other hand, Cowpea variety
ITO7K-299-6 produced significantly shorter plants than all the other varieties.
Application of NPK fertilizer did not influence plant height att all the applied rates at 6
WAS. The control treatment produced significantly shorter plants than all the higher
rates at 9 and 12 WAS (Table 3). Plant height increased with NPK rate from100 — 400
kgNPK/ha and 0 — 200 kgNPK/ha beyond which plant height was depressed at 12 WAS

(Table 3).

The Alectra inoculated plants produced significantly shorter plants than the uninoculated
plants at 9 and 12 WAS. At 6 WAS, the Alectra inoculated and uninoculated plants

resulted in similar plants (Table 3).
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Table 2: Physical and chemical Properties of the Soil Sample used in the

Experiment

Parameter Value

Soil Characteristics

Clay (%) 20
Silt (%) 4
Sand (%) 76
Textural Class Sandy Loamy
pH in water 5.90
pH in 0.01N CaCl, 6.45
Organic Carbon (g/kg™) 1.36
Phosphorus (mg/kg™) 12.49
Nitrogen (g/kg™) 0.07
Exchangeable Cations (Mol/Kg™)

Ca 7.20
Mg 4.37
K 0.60
Na 0.18
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Table 3: The Effect of NPK fertilizer and Alectra on Plant height of Cowpea

Varieties in Trial | in 2016

Plant height (cm) at:

Treatment 6 WAS 9WAS 12WAS
Variety (V)

ITO8K-125-107 12.39% 19.25° 27.33°
ITO6K-128 14.09% 20.61° 35.36°
ITO7K-303-1 13.71° 23.87° 31.90°
ITO7K-299-6 11.13° 19.86b° 24.28"
SE+ 0.71 0.45 0.53

Fertilizer (KgNPK/ha) (F)

0 12.46° 18.65° 23.44°
100 13.50° 18.90° 29.02°
200 13.36° 22.33° 34.65°
400 12.00° 23.72° 31.76"
SE+ 0.71 0.45 0.53

Alectra inoculation (A)

Inoculated 12.93% 19.69° 25.35°
Uninoculated 12.73% 22.112 34.09°
SE+ 0.51 0.32 0.37

N.B Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05) using DMRT.

Keys:
WAS: weeks after sowing
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4.2.2 Plant Height of Cowpea Varieties in Trial 11

Plant heights of Cowpea varieties ITO6K-128 and ITO7K-303-1 were each significantly
higher than that of ITO8K-125-107 and ITO7K-299-6 (Table 4). Cowpea variety ITO7K-
299-6 produced significantly shorter plants than all the other varieties. Application of
NPK fertilizer at 100, 200 and 400 kgNPK/ha resulted in significantly taller plants than
the control on each sampling date. The tallest plants on each sampling date was due to 60

kgN/ha treatment (Table 4).

At 5 WAS application of 100- 400 kgNPK/ha fertilizer produced similar and taller plants
than the untreated control which gave the shortest (Table 4). At 7 WAS, 60 kgN/ha NPK
resulted in the tallest plants than the 200 kgNPK/ha and below which However, at 9
WAS, the highest plant height due to application of 60 kg/N fertilizer treatment was
significantly higher than the other treatments. The control produced the shortest plants

(Table 4).

Throughout the sampling period (5 — 9 WAS) Alectra inoculated plants produced shorter

plants than the uninoculated plants. This difference was not significant (Table 4).

4.2.3 Shoot Fresh Weight of Cowpea Varieties in trial |

Crop variety, NPK fertilizer and Alectra inoculation significantly influenced shoot fresh
weight of cowpea at all the sampling periods from 6 -12 WAS (Table 5). At 6 WAS,
ITO7K-303-1 and ITO7K-299-6 resulted in higher fresh shoot weight than 1TO8K-125-
107. Shoot weight by ITO6K-128 was similar to the lowest and the highest at this period.
At 9 WAS, varieties ITO8K-125-107 and ITO7K-303-1 gave higher fresh shoot weight
than the other two varieties. Variety ITO6K-128 in turn gave higher fresh shoot weight

than the least by ITO7K-299-6. At 12 WAS, ITO6K-128 resulted in higher shoot fresh
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Table 4: The Effect of NPK Fertilizer and Alectra on Plant Height of Cowpea

Varieties in Trial 11 in 2016

Plant height (cm) at:

Treatment 5 WAS 7 WAS 9 WAS
Variety (V)

ITO8K-125-107 9.52" 11.80° 14.67°
ITO6K-128 11.55° 12.52% 15.44%
ITO7K-303-1 11.55° 13.19° 15.84°
ITO7K-299-6 7.65° 9.44° 11.55°
SE+ 0.28 0.38 0.33
Fertilizer (KgNPK/ha) (F)

0 9.18" 10.16° 11.20°
100 10.20° 11.57° 14.54°
200 10.25° 12.34% 15.23"
400 10.65" 12.89° 16.52°
SE+ 0.28 0.38 0.33
Alectra inoculation (A)

Inoculated 9.81° 11.45° 14.32°
Uninoculated 10.33° 12.03? 14.43°
SE+ 0.20 0.27 0.23

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Keys:
WAS: weeks after sowing
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Table 5: The Effect of NPK Fertilizer and Alectra on Shoot Fresh Weight of

Cowpea Varieties in Trial 1 in 2016

Shoot Fresh Weight (g) at:
Treatment 6 WAS 9 WAS 12 WAS
Variety (V)
ITO8K-125-107 18.98" 65.74% 70.34°
ITO6K-128 26.27% 50.93° 92.86°
ITO7K-303-1 30.55° 70.38? 85.56°
ITO7K-299-6 33.59° 35.85° 49.37°
SE+ 2.70 1.92 1.14
Fertilizer (KgNPK/ha) (F)
0 23.69% 43.32° 60.57°
100 32.15° 48.47° 61.37°
200 22.56° 59.63° 91.75°
400 30.99% 71.48° 84.44°
SE+ 2.70 1.92 1.14
Alectra inoculation (A)
Inoculated 22.42° 45.82° 64.57°
Uninoculated 32.272 65.63? 84.50?
SE+ 1.91 1.36 0.81

N.B Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05) using DMRT.

Keys:
WAS: weeks after sowing
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weight than all the other two. The least weight was by 1T07K-299-6 and this was lower

than all the others (Table 5).

At 6 WAS, application of 100 kgNPK/ha fertilizer resulted in higher fresh shoot weight
than the lower rates, except 400 kgNPK/ha, which was in turn higher than the 200
kgNPK/ha treatment. At 9 WAS, shoot fresh weight increased with NPK rate from 100 —
400 kgNPK/ha. The fresh weight by the untreated control was similar to that of 100
kgNPK/ha at this period. At 12 WAS, 200 kgNPK/ha fertilizer rate resulted in higher
shoot fresh weight than the higher and lower rates. In turn, 400 kgNPK/ha fertilizer gave

higher shoot fresh weight than 0 and 100 kgNPK/ha, which were similar (Table 5).

The inoculated plants resulted in lower shoot fresh weight than the uninoculated

throughout the sampling period from 6 — 12 WAS (Table 5).

4.2.4 Shoot Fresh Weight of the Cowpea Varieties in Trial 11

Cowpea variety, NPK fertilizer rate and Alectra inoculation significantly influenced
cowpea shoot fresh weight at 5 -7 WAS except Alectra inoculation at 7 WAS. At 5
WAS, IT06K-128 and ITO7K-303-1 resulted in higher shoot fresh weight than the other
two varieties. Variety 1TO8K-125-107 in turn produced higher shoot fresh weight than
the lowest by ITO7K-299-6 (Table 6). At 7 WAS, IT07K-303-1 gave higher shoot fresh
weight than all the other varieties, followed by 1TO6K-128, which was in turn higher
than the other two. The least shoot fresh weight was by IT07K-299-6. At 9 WAS,
ITO7K-303-1 again gave the highest shoot fresh weight followed by ITO6K-128, which
was higher than the other two varieties, whose weights were similar and least in the trial.
At 5 WAS, application of 400 kgNPK/ha fertilizer rate gave the highest shoot fresh

weight in cowpea. Shoot weights by 100 and 200 kgNPK/ha rates were similar and
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Table 6: The Effect of NPK Fertilizer and Alectra on Shoot Fresh Weight of the

Cowpea Varieties in Trial 11 in 2016

Shoot Fresh Weight (g) at:

Treatment 5 WAS 7 WAS 9 WAS
Variety (V)

ITO8K-125-107 11.34° 18.61° 26.29°
ITO6K-128 13.69° 23.14° 32.93°
ITO7K-303-1 14.22° 28.44° 40.85°
ITO7K-299-6 10.16° 14.19° 26.48°
SE+ 0.31 0.93 1.14

Fertilizer (F) (KgNPK/ha)

0 10.90° 14.92° 24.59°
100 12.03" 19.09° 29.63°
200 12.85% 23.28° 34.37°
400 13.62 27.09% 37.94°
SE+ 0.31 0.93 1.14

Alectra inoculation (A)

Inoculated 11.76° 20.28° 30.35°
Uninoculated 12.942 21.912 32.922
SE+ 0.22 0.66 0.80

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT

Keys:
WAS: weeks after sowing
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higher than the least by the untreated control. At 7 and 9 WAS, cowpea shoot fresh
weight increased with NPK rates from 0 - 400 kgNPK/ha (Table 6).

At 5 and 9 WAS, the uninoculated cowpea plant gave higher shoot fresh weight than the
inoculated, but at 7 WAS, inoculation did not influence the shoot fresh weight of cowpea
plants (Table 6).

4.2.5 Root Fresh Weight of Cowpea Varieties in Trial |

Root fresh weight produced by the cowpea varieties showed no significant difference
among them at 6 and 9 WAS. At 12 WAS, IT07K-299-6 produced significantly lower
root fresh weight than the other varieties (Table 7). On the other hand, the root fresh
weight in varieties 1ITO6K-128 and ITO7K-303-1 was significantly higher than that of
other varieties at 12 WAS. All the treatments produced root fresh weights that were not

significantly different at 6 WAS.

Application of 400 kgNPK/ha fertilizer treatment resulted in the highest root fresh
weight which was significantly higher than the other treatments at 9 and 12 WAS. Next
to this was that due to 200 kgNPK/ha fertilizer treatment at 9 and 12 WAS (Table 7).
Alectra inoculated plants produced higher root fresh weight than the uninoculated plants
on all the sampling dates. However, this difference was only significant at 12 WAS
(Table 7).

4.2.6 Root Fresh Weight of Cowpea Varieties in Trial 11

All the cowpea varieties produced similar root fresh weight at 5 and 7 WAS. However, at
9 WAS, all the cowpea varieties except ITO7K-299-6 produced significantly lower root
fresh weight that was comparable with the lowest from variety ITO8K-125-107. More so,
Cowpea variety 1TO7K-299-6 produced the highest root fresh weight on each sampling

date (Table 8).
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Table 7: The Effect of NPK Fertilizer and Alectra on Root Fresh Weight of Cowpea

Varieties in Trial |

Root Fresh Weight (g) at:

Treatment 6 WAS 9 WAS 12 WAS
Variety (V)

ITO8K-125-107 3.98° 6.92° 7.97°
ITO6K-128 4.55° 7.00° 9.18°
ITO7K-303-1 5.22° 6.94° 9.08°
ITO7K-299-6 4.48"° 7.18° 6.78°
SE+ 0.47 0.21 0.24

Fertilizer (KgNPK/ha) (F)

0 4.68" 6.17° 7.67°
100 4.43° 6.18° 7.55
200 4.54° 7.26" 8.00°
400 4,58 8.43° 9.80°
SE+ 0.47 0.21 0.24

Alectra inoculation (A)

Inoculated 4.85% 7.142 8.96%
Uninoculated 4.27° 6.88° 7.55°
SE+ 0.33 0.15 0.17

N.B Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05) using DMRT.

Key:
WAS: weeks after sowing
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Table 8: The Effect of NPK Fertilizer and Alectra on Root Fresh Weight of Cowpea

Varieties in Trial 11 in 2016

Root Fresh Weight (g) at:

Treatment 5 WAS 7 WAS 9 WAS
Variety (V)
ITO8K-125-107 0.73? 0.942 1.30°
ITO6K-128 0.74% 0.93 1.32°
ITO7K-303-1 0.728 0.93 1.23°
ITO7K-299-6 0.76° 1.01% 1.46°
SE+ 0.04 0.04 0.05
Fertilizer (kgNPK/ha)
(F)
0 0.72? 0.85" 1.33%®
15 0.75° 1.022 1.26°
30 0.75° 0.98° 1.30%°
60 0.73? 0.95% 1.42°
SE+ 0.04 0.04 0.05

Alectra Infestation (A)

Inoculated 0.75° 0.90° 1.29°
Uninoculated 0.73% 1.00? 1.372
SE+ 0.03 0.03 0.04

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Keys:
WAS: Weeks after Sowing
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Application of NPK fertilizer had no significant effect on root fresh weight of cowpea
varieties at 5 WAS. Generally, root fresh weights under all the fertilizer treatments were

similar throughout the sampling dates (Table 8).

At 5 WAS, fertilizer application at 100 and 200 kgN/ha resulted in the highest root fresh

weight which was not significantly higher than the lowest due to the untreated control.

At 7 WAS, fertilizer application at 100 kgNPK/ha resulted in the highest root fresh
weight which was only significantly higher than the lowest due to the control treatment.
At 9 WAS, fertilizer application at 400 kgNPK/ha resulted in the highest root fresh
weight which was only significantly higher than the lowest due to 100 kgNPK/ha NPK

fertilizer treatment (Table 8).

The uninoculated plants produced root fresh weight that was similar to the Alectra
inoculated plants at 5 and 9 WAS but produced significantly higher root fresh weight

than the inoculated plants at 7 WAS (Table 8).

4.2.7 Number of Root Nodules of Cowpea Varieties in Trial |

Generally, cowpea variety ITO6K-128 produced the highest number of root nodules at 6
and 9 WAS. This was significantly higher than that of cowpea varieties ITO8K-125-107
and 1TO7K-299-6 at 9 WAS. At 12 WAS variety ITO7K-303-1 produced significantly
higher root nodules than the other varieties. Generally, application of 30 kgN/ha fertilizer
resulted in the highest number of root nodules at 6 and 9 WAS while the control
produced the lowest number of root nodule at 9 and 12 WAS (Table 9).

At 6 WAS, application of 200 kgNPK/ha resulted in the highest number of root nodules
which was significantly higher than that of the control and 400 kgNPK/ha fertilizer

treatments. Application of 200 and 400 kgNPK/ha fertilizer treatments resulted in the
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Table 9: The Effect of NPK Fertilizer and Alectra on Number of Root Nodules of

Cowpea Varieties in Trial I in 2016

Number of root nodules at:

Treatment 6 WAS 9 WAS 12 WAS
Variety (V)

ITO8K-125-107 16.92° 30.46" 23.75°
ITO6K-128 21.88° 37.21° 29.71°
ITO7K-303-1 20.50° 36.88" 32.83"
ITO7K-299-6 19.08° 32.88" 23.17°
SE+ 2.25 0.91 0.84

Fertilizer (KgNPK/ha) (F)

0 17.21% 28.13° 20.75°
100 23.21% 34.88° 24.83°
200 24,25 37.38° 28.92°
400 13.71° 37.04% 34.96°
SE+ 2.25 0.91 0.84

Alectra inoculation (A)

Inoculated 17.672 33.96° 22.42°
Uninoculated 21.522 34.75% 32.42%
SE+ 1.59 0.64 0.60

N.B Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05) using DMRT.

Key:
WAS: weeks after sowing
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highest number of root nodules which was significantly higher than the lowest due to the

control at 9 and 12 WAS respectively (Table 9).

The Alectra inoculated plants produced fewer number of root nodules than the

uninoculated plants. However, this difference was only significant at 12 WAS (Table 9).

4.2.8 Number of Root Nodules of the Cowpea Varieties in Trial 11

The number of root nodules produced by Cowpea variety ITO8K-125-107 was
significantly higher than that of ITO6K-128 and 1T07K-299-6 on each sampling date

(Table 10).

The highest number of root nodules produced by 1T07K-303-1 was only significantly

higher than that of varieties ITO6K-128 and 1IT07K-299-6 at 5 WAS (Table 10).

At 7 and 9 WAS, IT08K-125-107 produced the highest number of root nodules which
was significantly higher than that of other varieties, while variety ITO7K-299-6 produced

the lowest (Table 10).

Number of root nodules produced due to 200 kgNPK/ha NPK fertilizer application was
similar with that of 400 kgNPK/ha on each sampling date but was significantly higher

than that of 100 kgNPK/ha and untreated control at 5 and 9 WAS (Table 10).

At 5 WAS, application of 400 kgNPK/ha NPK fertilizer treatment resulted in the highest
number of root nodules which was only significantly higher than that of the control and

100 kgNPK/ha NPK treatments (Table 10).
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Table 10: The Effect of NPK Fertilizer and Alectra on the Number of Root Nodules
of the Cowpea Varieties in Trial 11 in 2016

Number of Root Nodules at:

Treatment 5 WAS 7 WAS 9 WAS
Variety (V)
ITO8K-125-107 51.30° 52.92° 50.25°
ITO6K-128 45.38° 40.63" 37.04°
ITO7K-303-1 52.08" 44.13° 36.96"
ITO7K-299-6 47.13° 37.04° 33.08"
SE+ 1.36 1.46 1.59
Fertilizer (kgNPK/ha) (F)
0 45.21° 44,33 35.33°
100 46.42° 43.00 36.67™
200 50.83° 42.56 44.50°
400 53.42° 44.92° 40.83%
SE+ 1.36 1.46 1.59
Alectra infestation
Inoculated 44.86" 40.77° 38.15°
Uninoculated 53.08° 46.58° 40.52°
SE+ 0.96 1.03 1.13

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Key:
WAS: weeks after sowing
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At 9 WAS, 200 kgNPK/ha NPK fertilizer application resulted in the highest number of
root nodules which was only significantly higher than that of the control and 100

kgNPK/ha NPK treatments (Table 10).

The Alectra inoculated plants produced lower number of root nodules than the
uninoculated plants on each sampling dates. However, this difference was only

significant at 5 and 7 WAS

4.2.9 Leaf Area Index of Cowpea Varieties in Trial |

There was no significant difference in the leaf area index of the cowpea varieties at 6 and
9 WAS. Generally ITO7K-303-1 produced the highest leaf area index on each sampling
date. This difference was only significant at 12 WAS. Application of 400 kgN/ha

fertilizer application resulted in the highest leaf area index at 6 and 9 WAS (Table 11).

At 6 WAS, the application of 400 kgNPK/ha resulted in the highest leaf area index
which was significantly higher than the other treatments. Application of 400 kgNPK/ha
resulted in the highest leaf area index which was not significantly higher than the lowest
due to the control at 9 WAS. At 12 WAS, application of 200 kgNPK/ha fertilizer
treatment resulted in the highest leaf area index which was significantly higher than that

of the control and 100 kgNPK/ha fertilizer treatment (Table 11).

The leaf area index due to Alectra inoculation was similar with that of the uninoculated

plants on each sampling date (Table 11).
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Table 11: The Effect of NPK Fertilizer and Alectra on Leaf Area Index of Cowpea

Varieties in Trial I in 2016

Leaf area index at:

Treatment 6 WAS 9 WAS 12 WAS
Variety (V)

ITO8K-125-107 0.20° 0.22° 0.25°
ITO6K-128 0.20° 0.22° 0.26°
ITO7K-303-1 0.21° 0.24° 0.29°
ITO7K-299-6 0.20° 0.12° 0.22¢
SE+ 0.01 0.47 0.00

Fertilizer (KgNPK/ha) (F)

0 0.14° 0.17° 0.24°
100 0.19° 0.19° 0.23°
200 0.20° 0.21° 0.28°
400 0.272 1.22 0.272
SE+ 0.01 0.47 0.00

Alectra inoculation (A)

Inoculated 0.19° 0.242 0.25°
Uninoculated 0.21° 0.66° 0.25°
SE+ 0.01 0.34 0.00

N.B Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05) using DMRT.

Key:
WAS: weeks after sowing
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4.2.10 Leaf Area Index of Cowpea Varieties in Trial 11

The entire cowpea varieties exhibited similar leaf area index at 5 and 7 WAS (Table 12).
Leaf area index at 5 WAS under all the NPK fertilizer treatments were similar. However,
fertilizer application at 200 and 400 kgNPK/ha produced higher leaf area index which
was significantly higher than that of the control and 100 kgNPK/ha NPK fertilizer

treatments at 7 and 9 WAS (Table 12).

The Alectra uninoculated plants exhibited larger leaf area index than the Alectra
inoculated plants on each sampling date; however, this difference was not significant

(Table 12).

4.3 The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield
Parameters in Trial |

4.3.1 Number of pods per plant

Cowpea variety ITOBK-125-107 resulted in the lowest number of pods per plant which

was only significantly lower than the highest due to ITO7K-303-1 (Table 13).

Application of 400 kgNPK/ha NPK fertilizer treatment produced the highest number of

pods per plant which was significantly higher than that of the other treatments (Table

13).

The Alectra inoculated plants significantly produced fewer number of pods than the

uninoculated plants (Table 13).

4.3.2 Pod weight

Cowpea variety ITO7K-303-1 produced the highest pod weight which was significantly
higher than that of other varieties. This was followed by that of ITO6K-128. The lowest

pod weight was due to 1ITO7K-299-6.
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Table 12: The Effect of NPK Fertilizer and Alectra on Leaf Area Index of Cowpea

Varieties in Trial 11 in 2016

Leaf Area Index at:

Treatment 5 WAS 7 WAS 9 WAS
Variety (V)

ITO8K-125-107 0.13° 0.17° 0.18°
ITO6K-128 0.18° 0.18° 0.20°
ITO7K-303-1 0.16° 0.18° 0.22°
ITO7K-299-6 0.13° 0.18° 0.17"
SE+ 0.02 0.00 0.00
Fertilizer  (kgNPK/ha)

(F)

0 0.14° 0.14° 0.15°
100 0.14° 0.17° 0.17°
200 0.14° 0.20° 0.23°
400 0.19° 0.20° 0.23°
SE+ 0.02 0.00 0.00

Alectra infestation (A)

Inoculated 0.13? 0.18? 0.19°
Uninoculated 0.172 0.18? 0.20?
SE+ 0.01 0.00 0.00

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Key:
WAS: weeks after sowing
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Application of 400 kgNPK/ha NPK fertilizer resulted in the highest pod weight which

was significantly higher than the other treatments (Table 13).

The Alectra inoculated plants significantly produced lower pod weight than the

uninoculated plants.

4.3.3 Pod length

Cowpea variety 1TO6K-128 produced the longest pods which was significantly longer
than that due to ITO7K-303-1 and ITO8K-125-107. Cowpea variety ITO7K-303-1 was
significantly shorter than that of others (Table 13).

The longest pod length was produced as a result of the application of 400 kgNPK/ha
which was significantly longer than that of other treatments. The shortest pods were due

to the control treatment (Table 13).

Alectra uninoculated plants significantly produced longer pods than the Alectra

inoculated plants (Table 13).

4.3.4 Number of seeds per pod
Cowpea variety 1T07K-299-6 produced the highest number of seeds per pod which was
significantly higher than that of ITO6K-128 and ITO7K-303-1 cowpea varieties (Table

13).

The untreated control treatment yielded the least number of seeds per pod but application
of 400 kgNPK/ha fertilizer resulted in the highest number of seeds per pod which was

significantly higher than that of the other treatments (Table 13).

4.3.5 100 seed weight
Cowpea variety ITO7K-303-1 produced the highest seed weight which was significantly

higher than that of the other varieties. This was followed by that of variety ITO6K-128.
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Table 13: The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield and

Yield Components in Trial I in 2016

100 Grain
PW PL SW SWPP yield

Treatment NPP (9) (cm) NSPP  (Q) (9) /plot(g)
Variety (V)

14.58" ; b 58.11°
ITOSK-125-107 3.30 16.98° 15.67* 18.51° 2.90°
ITO6K-128 17.78%  4.06° 17.70° 13.50° 19.66° 2.80° 59.31%
ITO7K-303-1 19.56°  4.76° 16.49° 13.88° 2555° 3.94° 7505
ITO7K-299-6 18.11*  3.64° 17.40®® 1563* 18.49° 3.26° 63.57°
SE+ 0.62 0.07 023 0.48 0.31 0.09 161
Fertilizer
(kgNPK/ha (F)
0 12.90°  3.44° 1552% 13.00° 19.47° 2.73° 59.08°
100 16.53°  3.84° 16.74° 13.54° 20.30° 3.14° 62.84™
200 18.82°  4.02® 17.42° 15.17° 21.06® 3.44*  65.64%
400 21.77° 4.45%  18.90° 16.96° 21.37° 3.58°  68.49°
SE+ 0.62 0.07 0.23 0.48 0.31 0.09 161
Alectra
inoculation (A)
Inoculated 16.19°  3.86° 16.64° 13.88° 20.52° 3.12° 62.62°
uninoculated 18.82%  4.02° 17.65° 15.46% 20.59° 3.33*  67.65°
SE+ 0.44 0.05 0.16 0.34 0.22 0.06 1.14

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Keys:

PW = Pod weight

PL=Pod length

NSPP = Number of seeds per pod

SW = Seed Weight
SWPP= Seed weight per pod

NPP = Number of pods per plant
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The lowest 100 seed weight due to 1TO8K-125-107 was similar to that of ITO7K-299-6
(Table 13).

Application of 400 kgNPK/ha NPK fertilizer resulted in the highest 100 seeds weight
which was significantly higher than that due to the control and 100 kgNPK/ha fertilizer
treatments. The lowest 100 seed weight due to the control was significantly lower than

that of other treatments (Table 13).

Alectra inoculated plants had lower 100 seeds weight than the uninoculated. This

difference was not significant.

4.3.6 Seed weight per pod

The highest seed weight per pod produced by 1T07K-303-1 was significantly higher than
that of the other varieties. This was followed by that due to ITO7K-299-6 and 1TO8K-
125-107. The least seed weight per pod by ITO6K-128 was lower than that of other
varieties (Table 13).

The application of NPK fertilizer at 400 kgNPK/ha resulted in the highest seed weight
which was significantly higher than that of 100 kgNPK/ha and control treatments (Table
13).

The uninoculated plants had higher seed weight/pod than the Alectra infested plants.

This difference was significant (Table 13).

4.3.7 Grain yield per plot (g)
Cowpea variety 1TO7K-303-1 produced the highest grain yield which was significantly
higher than that of the other varieties. This was followed by that due to ITO7K-299-6.

The Lowest Grain yield was due to ITO8K-125-107 (Table 13).
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Application of NPK fertilizer treatment at 400 kgNPK/ha resulted in the highest grain
yield which was significantly higher than that due to the control and 100 kgNPK/ha

(Table 13).

Alectra inoculated plants resulted in significantly lower yield than the uninoculated

(Table 13).

4.4 The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield
Parameters in Trial 11

4.4.1 Number of pods per plant

Cowpea variety ITO7K-303-1 produced the lowest number of pods per plant which was
only significantly lower than that of ITO6K-128 and 1T07K-299-6. Cowpea variety
ITO6K-128 produced significantly higher number of pods per plant than other varieties
(Table 14).

Application of 400 kgNPK/ha NPK fertilizer treatment produced the highest number of
pods per plant which was significantly higher than that of the other treatments (Table
14).

The Alectra uninoculated plants produced higher number of pods than the inoculated
plants. This difference was significant (Table 14).

4.4.2 Pod weight

Cowpea variety ITO7K-303-1 produced the highest pod weight which was significantly
higher than that of other varieties. This was followed by that of ITO7K-299-6. The lowest

pod weight from ITO6K-128 was comparable with that of ITO8K-125-107 (Table 14).

Application of 100 kgNPK/ha NPK fertilizer resulted in the highest pod weight which

was only significantly higher than the lowest due to the control treatment (Table 14).

The Alectra inoculated plants produced comparable pod weight with the uninoculated

plants.
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4.4.3 Pod length

Cowpea variety 1TO6K-128 produced the longest pods which was significantly longer
than that of the other varieties. This was followed by that due to ITO8K-125-107 and
ITO7K-299-6, while that of 1TO7K-303-1 was significantly shorter than that of others
(Table 14).

The longest pods were produced as a result of the application of 400 kgNPK/ha and was
significantly longer than that of other treatments. The shortest pods were due to the

control treatment (Table 14).

The Alectra uninoculated plants produced longer pods than the Alectra inoculated plants.

This difference was significant (Table 14).

4.4.4 Number of seeds per pod
Cowpea variety 1T07K-299-6 produced the highest number of seeds per pod which was
only significantly higher than that of 1TO6K-128 and 1T07K-303-1 cowpea varieties

(Table 15).

The control treatment yielded the least number of seeds per pod but application of NPK
fertilizer at 400 kgNPK/ha rate resulted in the highest number of seeds per pod which

was significantly higher than that of the other treatments (Table 14).

The Alectra inoculated plants produced similar seeds per pod with the uninoculated

plants (Table 14).

4.4.5 100 seed weight
Cowpea variety 1T07K-303-1 produced the highest seed weight which was significantly

higher than that of the other varieties. This was followed by that of variety ITO6K-128.
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The lowest 100 seed weight due to 1TO8K-125-107 was similar to that of ITO7K-299-6
(Table 14).

Application of 400 kgNPK/ha NPK fertilizer resulted in the highest 100 seeds weight
which was significantly higher than that of the other treatments. This was followed by
that due to 100 and 200 kgNPK/ha NPK fertilizer treatments. The lowest 100 seed

weight due to the control was significantly lower than that of other treatments (Table 14).

Alectra inoculated plants had higher 100 seeds weight than the uninoculated. This

difference was significant.

4.4.6 Seed weight per pod

The highest seed weight per pod produced by 1T07K-303-1 was significantly higher than
that of the other varieties. This was followed by that due to ITO7K-299-6 and 1TO8K-
125-107. The least seed weight per pod by ITO6K-128 was lower than that of other
varieties (Table 14).

The application of NPK fertilizer at 400 kgNPK/ha resulted in the highest seed weight
which was only significantly higher than that of 100 kgNPK/ha and control treatments
(Table 14).

The non-infested plants had higher seed weight/pod than the Alectra infested plants. This
difference was significant (Table 14).

4.4.7 Grain yield per plot (g)

Cowpea variety 1TO7K-303-1 produced the highest grain yield which was significantly
higher than that of the other varieties. This was followed by that due to ITO6K-128. The
Lowest Grain yield due to ITO8K-125-107 was significantly lower than that of other
varieties (Table 14).

Application of NPK fertilizer treatment at 400 kgNPK/ha resulted in the highest grain

yield which was significantly higher than that of the other treatments. This was followed

59



Table 14: The Effect of NPK Fertilizer, Cowpea Varieties and Alectra on Yield and

Yield Components in Trial Il in 2016

100 Grain
PW SW SWPP yield
Treatment NPP (9) PL (cm) NSPP (0) (9) /plot(g)

Variety (V)

ITOSK-125-107 11.95° 2.87° 16.54° 13.88%°  16.88° 2.44°  49.39¢
ITO6K-128 14.84* 2.86° 17.29° 12.08° 17.70° 2.08° 52.78°
ITO7K-303-1 10.71° 3.67*° 15.83° 12.54° 2353 321* 70.15%

ITO7K-299-6 13.24° 343> 16.81° 1433  17.15° 249" 50.78°

SE+ 0.50 0.060 0.14 0.30 0.19 0.06  0.44
Fertilizer

(kgNPK/ha) (F)

0 9.16°  2.92° 1517 11.83c 17.58° 2.13° 52.38
100 12.49° 339" 16.12° 1279 18.67° 2.51° 55.11°
200 12.49° 324* 16.87° 13.00b 19.21° 2775 57.10°
400 16.59° 3.28% 18.32* 15.21a  19.78° 2.84*  58.50°
SE+ 0.50 0.06  0.14 0.30 0.19 0.06  0.44
Alectra

inoculation (A)
Inoculated 11.21°  3.19° 16.14° 1298  19.09% 2.49° 55712
Uninoculated 14.15% 324 17.10° 13.44* 1854° 262 55843

SE+ 0.35 0.05 0.10 0.21 0.13 0.04 0.31

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.

Keys:

PW = Pod weight

PL=Pod length

NSPP = Number of seeds per pod
SW = Seed Weight

SWPP= Seed weight per pod
NPP = Number of pods per plant
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by that due to 100 and 200 KgNPK/ha treatments. The lowest grain yield due to the

control was significantly lower than that of other treatments (Table 14).

Alectra inoculated plants had lower yield than the uninoculated. However, this difference

was not significant (Table 14).

4.5 Effects of cowpea variety, NPK Fertilizer, and Alectra inoculation on the
Number of Alectra vogelii Shoots per plot and number of Infested Cowpea stands
per plot in Trial I

Generally, the data showed that, NPK fertilizer application reduced the number of
Alectra shoots and number of plants infested (Table 15).

Cowpea variety ITO7K-303-1 supported the highest number of Alectra shoots which was
significantly higher than that of the other treatments. Cowpea variety ITO7K-299-6
supported the lowest number of Alectra shoots.

The control resulted in the highest number of Alectra shoots and plants infested which
was significantly higher than the other treatments except 100 kgNPK/ha (Table 15).

4.6 Effects of cowpea variety, NPK Fertilizer, and Alectra inoculation on the
Number of Alectra vogelii Shoots per plot and number of Infested Cowpea stands
per plot in Trial 11

Generally, the data showed that, NPK fertilizer application reduced the number of
Alectra shoots and number of plants infested (Table 16).

Cowpea variety ITO7K-303-1 supported the highest number of Alectra shoots which was
significantly higher than that of the other treatments. Cowpea variety 1TO6K-128
supported the lowest number of Alectra shoots (Table 16).

The control resulted in the highest number of Alectra shoots and plants infested which
was significantly higher than the other treatments except 100 kgNPK/ha in number of

plants infested (Table 16).
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Table 15: The Effect of NPK Fertilizer and Alectra on the Number of Alectra vogelii

Shoots per plot and Cowpea Plants Infested per plot in Trial I in 2016

Treatment

No. of Alectra Shoots No. of Plants Infested

Variety (V)
ITO8K-125-107
ITO6K-128
ITO7K-303-1
ITO7K-299-6

SE+

Fertilizer (kgNPK/ha) (F)
0

100

200

400

SE+

Alectra Inoculation
Inoculated
Uninoculated

SE+

0.67°
0.21°
2.00°
0.38"

0.24

1.63°
0.75
0.54
0.33"

0.24

1.63
0.00°

0.17

0.21°
0.13"
0.65°
0.25

0.09

0.50°
0.33%
0.21°
0.17°

0.09

0.60°
0.00°

0.06

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.
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Table 16: The Effects of NPK Fertilizer, and Alectra on the Number of Alectra

vogelii Shoots per plot and number of infested Cowpea stands per plot in Trial 11 in

2016
No. of Alectra
Treatment Shoots No. of Plants Infested
Variety (V)
IT08K-125-107 0.65° 0.25°
ITO6K-128 0.29 0.17°
ITO7K-303-1 1.28° 0.46°
ITO7K-299-6 0.25° 0.21°
SE+ 0.22 0.07

Fertilizer (kgNPK/ha) (F)

0 1.13 0.42°
100 0.58% 0.38°
200 0.38" 0.17°
400 0.37° 0.13°
SE+ 0.22 0.07

Alectra Inoculation

Inoculated 1.23% 0.55?
Uninoculated 0.00° 0.00°
SE+ 0.15 0.05

N.B: Values followed with the same letter(s) in each column under each treatment group
are not significantly different (P = 0.05), using DMRT.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Vegetative Growth parameters of Cowpea Varieties

In the two trials, the application of NPK fertilizer enhanced the growth parameters of all
the cowpea varieties. The improvement in the growth parameters is associated with the
increase in plant nutrients as affirmed by Reyhan and Amiraslani (2006). This was also
in line with the report by Abayomi et al. (2008) that application of NPK fertilizer
enhanced the growth parameters of cowpea varieties. The effect of high dose of Nitrogen
on plant could be due to the utilization of more nitrogen as nitrogen is an essential
nutrient for growth. Also, the availability of sufficient growth nutrients from inorganic
fertilizers lead to improved cell activities, enhanced cell multiplication and enlargement
and luxuriant growth as reported by (Fashina et al., 2002). Nitrogen fertilizer reduced
the severity of Striga attack while simultaneously increasing the host performance
(Lagoke and lIsah, 2010). The increase in plant height in Alectra inoculated cowpea
varieties with increased nitrogen rates is not unexpected and might be more possible due
to the direct effect of nitrogen on vegetative growth and its indirect effect by reducing
Alectra infestation which was reported to have negative effect on plant height (Olupot et
al., 2003). Alectra inoculation caused a slight increase in plant height at 6 WAS but
decreased in the subsequent sampling ages in the first trial. However, Alectra inoculation
significantly reduced plant height in the second trial on all the sampling dates. The slight
increase in plant height at 6 WAS could be attributed to low sink demand or low Alectra
infestation. This is in line with Bashir (2008), who reported an increase in plant height in
Alectra inoculated cowpea varieties as compared with the uninoculated cowpea varieties.
According to Borg and Van-Ast (1991), the rate of assimilation (photosynthesis) may

depend on the sink activity/ availability since there has to be a balance between
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production and consumption of assimilates. This implies that, under high sink activity
due to parasite infestation, rate of photosynthesis will surpass sink activity. At later
growth stage, decrease in plant height due to Alectra infestation was as a result of more
assimilates being directed to Alectra rather than the host. In the two trials, cowpea
variety 1TO7K-299-6 produced the lowest plant height on at least two sampling ages. On
the other hand, 1TO7K-303-1 produced the highest plant height on all the sampling ages
in trial 11 but at 9 WAS in trial 1. These differences could be the character resulting from

the crop genetic makeup and their differences in response to the effect of NPK fertilizer.

The application of NPK fertilizer enhanced fresh shoot weight production in all the
varieties and this agrees with the findings of Abayomi et al (2008) that, application of
inorganic fertilizer leads to more leaves and branches of cowpea. Also, Omotosho (2014)
reported that, the number of leaves and number of branches per plant were also
significantly increased with the increased rate of fertilizer application. Alectra
inoculation significantly reduced shoot fresh weight when compared with the
uninoculated varieties on almost all the sampling ages in the two trials. This was due to
the activities of Alectra vogelii on the cowpea varieties as reported by Alonge et al.
(2002) that, Alectra infestation reduced shoot dry matter by 50 %. This also agrees with
the report that Alectra infestation reduced shoot-root ratio of most cowpea varieties
(Alonge et al., 2002). Kutama et al. (2013) reported a significantly lower plant biomass
in the infested cowpea varieties. This is apparently due to intensive Alectra vogelii
infection thereby reducing the yield of the plants (Singh, 2002). Also, attachment of A.
vogelii plants to the roots of the host results in an increase in sink demand in the roots.
This carbon transfer from the shoots to the roots due to changes in sink demands largely

accounts for the reduction in shoot biomass (Rambakudzibga, 2000).
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There was barely any significant difference between the root fresh weight of the Alectra
inoculated control and those treated with NPK fertilizer on at least two of the sampling
ages. Alectra infestation increased the root fresh weight of the control treatment in the
first trial. This was a as a result of infection i.e. the attachment of Alectra on the root of
the cowpea varieties, which could have added to the initial weight of the root.
Application of NPK fertilizer significantly increased root fresh weight of the cowpea
varieties. This could be attributed to the presence of adequate nitrogen which reduced the
production of germination stimulant by the cowpea varieties, hence suppressing the
attachment of Alectra root on the cowpea varieties. This was in line with the findings of
Ngawa (1992) that, reduction in Striga infestation could be attributed to the production
of low germination stimulant by Sorghum under high Nitrogen. Also, the germination
and severity of A. vogelii attachment is determined by the amount of germination
stimulants produced by different hosts or non-hosts as well as the spatial relationship

between the host roots and Striga seeds (Mwakabobo and Zwannenburg, 2011).

The number of root nodules of the cowpea varieties uninoculated with Alectra increased
with the increase in NPK fertilizer level in almost all the sampling dates in the two trials.
Increased nodule number could be due to the presence of adequate phosphorus. This
could be attributed to phosphorus stimulating root growth and initiating nodule formation
(Asuming-Brempong et al., 2013). Also, the results of the increased nodule numbers
agrees with the report of Armstrong (1999) and Yakubu et al. (2010) which stated that,
increasing P levels increased the number and size of nodules. Alectra vogelii
significantly decreased the number of root nodules of the inoculated cowpea varieties
which were not treated with NPK fertilizer when compared with the treated cowpea
varieties. This reduction could be due to depletion of phosphorus and other essential

nutrients in the soil by Alectra which goes in line with the report that, phosphorus
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stimulate root and plant growth, initiate root nodule formation as well as influence the

general efficacy of the rhizome-legume symbiosis (Asuming-Brempong et al., 2013).

In the two trials, all the cowpea varieties showed similar leaf area index on at least two
of the sampling ages. However, at 12 and 9 WAS, IT07K-299-6 produced the lowest leaf
area index. This was due to 1ITO7K-299-6 producing smaller leaves than other varieties,
which could be a character in its genetic makeup. Application of NPK fertilizer at 30 and
60 kgN/ha significantly increased leaf area index in the two trials, with 60 kgN/ha
fertilizer application resulting in the highest leaf area index. Adeoye et al. (2011)
reported that, a combination of poultry manure and cattle manure improved leaf area.
This improvement is associated with increased nitrogen, phosphorus and potassium
levels in the soil as affirmed by Reyhan and Amiraslani (2006). In the two trials, Alectra
infestation reduced leaf area index of the cowpea plants. However, this reduction was not
significant. This reduction could be due to the depletion of essential nutrients such as
nitrogen and phosphorus which could have enhanced cowpea vegetative growth by
Alectra vogelii. This could also be attributed to induced water stress due to the parasite’s
characteristically high transpiration rate which limits vegetative growth and reduce leaf
area (Alonge et al., 2001a).

5.2 Yield and Yield Components of Cowpea Varieties

Fertilizer application significantly improved number of pods per plant, pod weight, pod
length, 100 seed weight, seed weight per pod and grain yield of the four cowpea varieties
in the two trials. This is due to the activities of the NPK fertilizer on root/vegetative
growth and root nodulation. These growth parameters were significantly improved by the
application of NPK fertilizer and hence significant increase in grain yield and yield
parameters. This is in line with the report of Abayomi et al. (2008) that, yield parameters

and consequently grain yield were significantly increased by fertilizer application at 30-
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15-15-kgN-P-K/ha. Alectra vogelii inoculation significantly reduced all the vyield
parameters except 100 seed weight of inoculated cowpea varieties in the first trial. This
is in accordance with the report that, A. vogelii infestation causes a reduction in number
of pods per plant, weight of pod, number of seeds per pod, weight of seeds and
chlorophyll contents of the leaves among susceptible genotypes (Kutama et al., 2013).
However, with the application of NPK fertilizer, the activities of Alectra were
suppressed and that resulted in a significant increase in pod weight, pod length and seed
weight per pod. This increase was due to the presence of adequate nitrogen in the soil
resulting from the NPK fertilizer application. This observation is in line with the findings
of Kwaga et al. (2010a) that, Alectra incidence was suppressed with fertilizer application
at 50 kgN/ ha and thus increased pod yield above that of unfertilized plant. Emechebe et
al. (1991) also reported that, the application of high nitrogen dose (120 kgN/ha)
drastically reduced the incidence of infestation by Striga gesnerioides in cowpea without
significantly affecting grain yield but enhanced yield components.

In the two trials, there was reduction in grain yield due to Alectra infestation on the
inoculated cowpea varieties. This could also be attributed to reduction in the number of
root nodules, shoot and root growth observed in this study. This finding is in line with
the reports of Karanja et al. (2012) that, the devastation of cowpea grain yield at 0 ton/ha
of farmyard manure by Alectra could be attributed to the reduced root nodulation, root
and shoot growth and nutrients uptake exhibited by susceptible varieties (K80 and M66)
at stages of vegetative growth as compared to 5 and 10 tonnes/ha where there was more
supply of nutrients. Generally, cowpea variety 1IT07K-303-1, despite the high number of
Alectra shoots present, produced the highest grain yields. This variety is either
moderately resistance or tolerant to A. vogelii. This might be due to the death of the

Alectra shoots shortly after emergence which is one of the resistance mechanism

68



advocated by Kwaga et al. (2010b). Kureh and Alabi (2003) considered tolerance as a
horizontal resistance which is polygenic in contrast to vertical resistance which breaks
down faster with time. Since the tolerant genotype can produce high yield in spite of
high parasitism, it implies that it is very efficient in the production of assimilates to
support the parasites and still have enough to give high yields (Musell, 1980).

5.3 Alectra vogelii Parameters

This study has shown varieties ITO6K-128 and 1T07K-299-6 as exhibiting the highest
resistance to Alectra having shown the lowest Alectra incidence in trial 1 and Il
respectively. This could be attributed to the possibility of its producing the least
germination stimulant (Kwaga et al., 2010a). However, 1T07K-303-1 was found to
support the highest number of Alectra shoots throughout the growth period. Application
of 60 kgN/ha NPK fertilizer reduced the number of Alectra shoots in all the cowpea
varieties and in some cases did not support Alectra emergence. This could be due to the
presence of high level of Nitrogen in the soil. The efficacy of nitrogen in reducing
Alectra shoots in Soybean was reported by Tarfa et al. (1996). Similar effect of the
nutrient was observed on cowpea by Magani (1994). Similarly, Kwaga et al. (2010a),
reported significant reduction in shoot population of Alectra vogelii when 25 kgN was
applied to groundnut. The suppressing effect of nitrogen on parasitic weeds has to do

with the lethal effect of the nutrient on the weeds.
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CHAPTER SIX
6.0 Conclusions and Recommendations
6.1 Conclusions

1. Application of NPK fertilizer at 15 — 60 kgN/ha generally enhanced the
vegetative growth parameters, grain yield and yield parameters of the four
cowpea Vvarieties on Alectra uninoculated soil. The highest vegetative growth,
grain yield and yield were achieved with the application of 60 kgN/ha NPK
fertilizer.

2. Application of NPK fertilizer reduced the number of Alectra shoots per cowpea
stand and the number of cowpea plants infested by Alectra, and enhanced most of
the vegetative growth and yield parameters of the cowpea varieties under Alectra
infestation.

3. Cowpea variety ITO7K-303-1 had the highest incidence of Alectra vogelii but
was also observed to have produced the highest grain yield. This indicates that
the variety has high tolerance to the parasite.

6.2 Recommendations

With the result above, it can be recommended that, NPK fertilizer should be considered
as an efficient control measure for Alectra infestation on susceptible cowpea varieties
due to its ability to supply adequate nutrient to the soil to enhance its fertility, which in
turn combats the adverse effects of Alectra vogelii infestation thereby enhancing good
growth and yield of cowpea plants.

For better yield and growth of cowpea, tolerant varieties such as IT07K-303-1 should be

cultivated most especially for commercial purpose.
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