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ABSTRACT. 

Intercropping or mixed cropping is the most common 

agricultural system in developing countries. One of the 

most predomi nant combination involves grain legumes grown in 

association with cereals. This practice is characterized by 

a reduced pest population compared to monocrop. This 

reduced pest population in mixed cropping is due to a 

number of factors, some of which are physical, natural 

enemies, microclimatic gradient and chemical interactions. 

Some crops ma y act as dispersal barriers to migrating pests. 

The consequences the prevailing factors in a mixed cropping 

agro-ecosystem have on host plant resistance or 

susceptibility are not clear since most of the crops are 

selected and bred for use in monocultures. 

In these present 1nvestagations, fiel~ and screen cage 

experiments were conducted to determine and quantify the 

effect of mixed cropping resistant and susceptible cowpea 

cultivars with maize on the incidence of legume pod borer 

Haruca testulal1s Geyer and also monitor the effect of 

intercropplng on the relative resistance and susceptibility 

of cowpea cultivars to Maruca. Colonization processes of 

Haruca on these varieties, environmental variables between 

cropping systems and the stem borer complex on maize were 

also observed. The studies were conducted at Mbita Point 

Field Station in South Nyanza district of Kenya for three 
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consecutive cropping seasons of 1987 and 1988. 

Experimental design used in both field and sreen cage 

experiments was randomised complete block. However the data 

was analysed in split plot designed manner. This type of 

analys is was necessary so as to show the differences between 

the cropping systems and varieties. 

Results obtained revealed that larval population of H. 

testulalis \Vere significantly different according to the 

varieties, cropping systems and seasons. These differences 

were much more related to the intercropping than resistance 

or susceptibility. The subsquent larval population 'it'as 

actually the one that was affected by mixed cropping. 

However the number of larvae did not differ significantly (p 

= 0.05) when resistant cultivar TVU 946 was compared to the 

susceptible cultivar ICV2 when both cultivars were in pure 

stands. 

Reduced sunlight reaching the cowpea canopy in the 

intercropped stands greatly reduced the number of 

pciis/plant. This resulted in the red~ction of the 

infestable pci1s and hence a reduction in the number of pods 

vith larval damage. The incidence of Maruca larvae during 

the long rains was higher than during the short rain season. 

However as the number of larvae increased so 14/aS the number 

of pciis and seeds with damage symptoms . 

The population density and build up of H. sjostedti 

were significantly (p = 0.05) lover in the mixed crop during 
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the short rains seasons than during the long rains. However 

resistance traits of cultivar 'I'VU 946 did not have a 

significant effect on the ~npulation build up in the 

. r m1x_ures . The results revealed that reduced light intensity 

in the co1*pea/maize mixtures contributed to the low number 

of the thrips. 

Results indicated that intercropping affected the 

relative resistance and susceptibility of C01*pea cultlvars. 

The resistance of Tvu 946 was reduced when the cultivar was 

planted together with maize. This could have been due to 

the phenological changes that were observed. When the 

variety was planted together wih maize, pods and peduncles 

were significantly longer while the branches were 

significantly fewer .. The changes were attributed to the 

micro-environmental conditions that were created by maize 

suggesting that cultivar TVU 946 is not well adapted to 

intercropping. 

In the screen cages, sterns of cultivar TVU 946 when 

interplanted with maize, were equally damaged as those of 

cultivar ICV2. Similarly for cultivar ICV2, intercropping 

reduced the amount of damage caused by Haruca. It was, 

therefore assumed that microclimatic differences created by 

intercropping had an adverse effect on resistance of TVU 

946, since its resistance is rather phenologically oriented 

thus modifying it genetically. 

There was a plant age preference for oviposition on the 
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CO'#pea cultivars with the underlying role of intercropping 

being demonstrated by the fact that there were significantly 

(P = 0.05) more Haruca eggs in pure stands than in the 

intercrop. Similarly the role of resistance and 

susceptibility during the initial colonisation in the field 

was realized, with the resistant cultivar TVU 946 having 

fewer eggs than cultivar ICV2. The subsequent larval 

population was not affected by mixed cropping. In the 

screen cage more eggs were recorded on the edges of all the 

intercropped plots and on pure stands of all the two 

varieties. 

Weekly mean temperatures and relative humidities 

indicated that there were significant (p = 0.05) differences 

between cropping patterns. Temperatures were lower and 

relative humidities higher in the ·intercrop . . Similarly 

there was signif icaht reduction in the photosynthetic active 

radiation incident on co'#pea canopy in all the intercropped 

plots. 

C. partellus was found to be the dominant stern borer 

within the stu3y area and its populations were only slightly 

regulated by mixed cropping. Ho\rever other borers namely H. 

ar•fgera and E. sacchar!na were recorded later in the season 

on silk and top seed respectively. 

Land equivalent ratios(LER) for the cropping seasons 

were significantly (p = 0.05) higher,lndicating that 

intercropplng had yield advantage with both cultivars. It 
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is therefore concluded that intercropping maize and cowpea 

reduces pest damage on cowpea, hovever it is·capable of 

modifying the level of resistance. 



xxi 

ACKNOWLEDGEMENT 

The author is greatful to the International Centre 

of Insect Physiology and Ecology and especially to 

African Regional Post Graduate Program in insect 

science for sponsoring these studies. Deep gratitude 

goes to Ors J. K. O. Ampofo and E.O. Omolo whose 

guidance, crit isisms and suggestions led to the 

completion of this manuscript. 

I wish also to extend my sincere gratitude t o my 

Kenyatta university supervisor Prof. J. M. Mueke ~ho 

tirelessly visited the research site and whose critical 

supervision and suggestions made this study possible. 

I am also grateful to the Ministry of Science and 

Technology a n_d Kenya Agricultural Research Institute 

for granting -me a study leave which enabled me to 

undertake this training. The director of RRC Embu, is 

greatly thanked for his support and patience that 

allowed me to finish this work. 

Finaly, special thanks go to my wife, Anne and 

daughters Wairimu and Wambui for their pat ience, 

understanding and moral suppor t during the entire 

period of this study. 



l 

INTRODUCT I ON 

Current approaches to pest management involve the 

integration of several methods of pest control, which 

depend on several characteristics of an agro-ecosystem 

(Altieri et. al., 1978). One of the main 

characteristics is that of multipl e cropping system 

which i s commonly practiced traditional agricultural 

system in the tropics (Willey and Osiru, 1972; Perrin, 

1977). 

Multiple cropping in the tropics is an important 

component of small scale agriculture and depends on 

various factors namely ~limat i c conditions, seasonal 
- - -
variations, agronomic practices ,labour availability 

and other social factors (Fransis et. al., 1975, 1977). 

The success of multiple cropping pattern on the 

diversity of the vegetation within the cropping area. 

Multiple cropping, intercropping or mixed cropping 

are terms which have been used interchangeably to 

describe the planting of more than one crop in the same 

area in one year or season (Harwood, 1973). I n this 

system two or more crops can be planted simultaneously 

withi n sufficient spartial proximity which results to 

interspecific competition and complementarity (Hart, 

1974). 
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The advantages of intecropping as suggested by 

Willey(l979) are the greater yield stability over 

different seasons, higher yield in a given season, 

better use of resources such as optimisation of labour, 

area of land and minimizat ion of risks against weather 

and price fluctuations (Finlay, 1975a; Nangju, 1975, 

1976). It also reduces soil erosion and weed growth 

while maintaining soil fertility (Finlay, 1975b). A 

combination of several crops is also believed to 

provide nutritionaliy balanced food source over a long 

period of time (Juerez et. al., 1982). The most 

outstanding ad vantage in this respect is that 

intercropping system reduces insect damage by the 

principle of increasing the diversity of a n 

agroecosystem (Kayumbo, 1976, Karel et. al., 1980; 

Lawani, 1982; Amoako-atta et. al.,1983; and Amoako-atta -

and Omol o, 1983). Greater yield stability is a very 

important aspect in small scale farms in that case if 

one crop fails or grows poorly, the other crop can 

compensate (Gomez and Gomez, 1983). However, crop 

combination, cropping pattern, location and the 

cropping season all contribute to the whole complex of 

results obtained from multiple cropping practices 

(Amoako-atta et. al., 1983; Amoako-Atta and Omolo, 

1983; Osiru,1976; Osiru and Willey, 1972). 

It has been realized that although intercropping 

is incompartible with modern methods of agriculture and 
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its pest management strategies, ecological analysis of 

the insect pests which have yielded conflicting results 

is important. As regards pest damage, intercropping 

have certain distinct advatages over mcnocultures 

(Nangju, 1976). For example Kaufmann(1983) while 

studying the population dynamics of the maize stem 

borer in Nigeria found th~t the n umber of borers in the 

pure stand was slightly more than twice that of maize 

cassava intercrop. Juarez et. al (1982) later i ndicated 

that in an intercropped system pests of variuos crops 

and their natural enemies are brought together. 

Reduction of insect pests in an intercropped ecosystem 

has also been attributed to the confusing olfactory and 

visual clues received from the host and non-host plant 

which disrupts normal feeding and mating behaviour 

(Tahvanainen and Root, 1973; IRRI, 1973; KayYmbo, 19 76; 

Saxena, 1985). Juarez et. al. (1982) contended that 

taller plants provided physical barriers which 

prevented some insects from penetrating the lower 

strata. However evidence from field experimentation 

has been conflicting. For example, it has been 

demonstrated that in some instances vegetational 

dive rsity occasionally has a positive effect on insect 

and their natural enemies (Way,1953, 1983). Meloid 

beetles and some sucking bugs(eg. Clavigralla spp.) 

have been found to be favoured by crop combination of 

maize intercropped with cowpeas. These insects 
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oviposit on maize while feeding on cowpea indicating 

that maize enhances their movement from one host to 

another. Also increased shading, humidity and reduced 

temperatures favour higher populations of these foliage 

beetles (Matteson, 1982; Ochieng, 1977; Kayumbo, 1976). 

To the contrary, low insect build up has been found to 

be one of the many advantages of multiple cropping 

which is as a result of the increased complexity of 

plant species thus providing unfavourable habitat for 

insects (Gerard, 1976; Karel and Mueke, 1978; Kayumbo, 

1976). But this situation mainly depends on crop 

component within the mi xture, seasonal changes, 

location and cropping pattern (Ornolo and Seshu Reddy, 

1985). It should therefore not be assumed always that 

the diversity of agroecosystem is d~sirable for 

minimizing pest-damage. 

The magnitude and expression of resistance or 

susceptibility of a plant to insect and pathogens are 

influenced by environmental factors which include 

climate, edaphic and cultural factors of crop 

environment (Singh, 1980; Saxena, 1985). Laboratory 

experiments have shown that the host plant can greatly 

influence not only the amount of colonization but also 

natality and mortality (Van Emden and Way, 1979). 

Incidentally high resistance of the host plant to the 

arriving insect appears to be a delicate mechanism of 

selective value to the insect perhaps because it helps 
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to minimize over-exploitation by the insect of its food 

plan t (Way and Bank 1968). 

Host plant resistance essentially is the innate 

qua ll ty of the plant that renders it unutilizab l e as 

foo d or shelter for inse c t pes t either through 

antlxenosis(non-preference), antibiosis or the ability 

of t he plant to tolerate without loss in yield at the 

levels of the pest that would severely damage a 

susceptible plant (Painter, 1951). Any types of these 

resistance can be used as one of the principle tools in 

pest management. Further more it can be integrated with 

other cultural control methods(eg. intercropping) 

(Jackai and Singh, 1983) where cropping systems can be 

manipulated in accordance with the target pest (Perrin , 

1977). 

- Identification for - genotypes suitable for 

intercropping has not attracted the attention of 

agronomists, entomologists and plant breeders. The 

majority of selected genotypes are main l y bred for 

monocultures in developing countries while under 

traditional situations they are normally grown in 

association with other crops by resource poor farmers 

(Osiru, 1980). It should therefore be determined as to 

whether crop varieties selected as resistant or 

susceptible to insect pests for monocropping are likely 

to perform the same when grown in association with 

other crops(intercropping). 
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Cowpea (Vigna unguiculata L. Walp) is one of the 

major sources of protein for the majority of the people 

living in arid and semi arid areas where it supplements 

starch staples (Anon, 1978; Khamala, 1978; Singh and 

Van Emden, 1979). However, agricultural surveys have 

indicated that there is low production and availability 

of this grain legume (Raheja, 1977a). The main reason 

for this being that in a given area, farmers obtain 

very low yields at an average of 180Kgs/ha (Booker, 

1965a). These l ow yields ha ve been attributed to 

damage by insect (Booker, 1965a, Raheja, 1977b). 

Among the insect pests are the aphids, the pod 

borer(Maruca testula1is Geyer), floverbud 

thrips(Megalurothrips sjostedti Trybom) and several 

species of coreid bugs. The legume pod borer M. 

testulalis and the floverbud thrips M. sjostedti, are 

the most important insect pests causing yield losses of 

up to 80\. It is therefore recognized that in order to 

obtain any yields from sole crop of cowpea, pest 

control is essential (Singh, 1978b, Singh and Van 

Emden, 1979). At present, the use of insecticides ls 

the only available control measure for major pests 

like Maruca (Karel, 1985) However they are not widely 

used (Singh et. al., 1978). 

Attempts have been made to identify resistant 

cowpea cultivars to various cowpea pests and have b een 

found to offer a promising alternative control method 
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for pests like M. testulalis (Singh, 1977, Nangju, 

1976). Some of the cowpea lines identified have 

moderate levels of resistance to H. testulalis (IITA, 

1981; Jackal, 1982). 

The legume pod borer H. testulalis is widely 

distributed in the tropics and subtropics (Singh and 

Allen, 1980) In Kenya results have indicated yield 

losses of between 10 and 80% when cowpea is planted as 

a sole crop (Okeyo- Owour and Ochieng, 1981). 

Oviposition occurs during the flowering period and upon 

hatching young larvae feed inside the flowers causing 

substantial damage (Taylor, 1978; Okeyo-Owuor and 

Ochieng, 1981; Raheja, 1977a). Usua and Singh (1978) 

also found this pest a t tacking stems causing 

substantial damage mostly on the susceptible cowpea 

cultivars . 

Presently, application of insecticides is the only 

effective method for control of Maruca on cowpea if 

reasonable yields are to be obtained although as 

mentioned earlier there are lines which are moderately 

resistant to this pest (Singh, 1978b, 1984; Karel, 

1985). 

Another pest of cowpea which is also regarded as 

important is H. sjostedti c ommonly ref fered to as 

flowerbud thrip (Moffs, 1983) . Damage by this pest to 

cowpea as reported by Okwakpam (1977) is on flowers. 

But Singh(l977) reported that this pest caused more 
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damage to young developing flowerbuds which turn 

brownish and abort due to feeding by nymphs and adults. 

However, small scale farmers in nearly all cowpea 

growing areas neve r apply any insecticide in the 

control of these two pests since cowpea is never 

planted as a sole crop but intercropped with cereals 

such as maize and sorghum and other arable crops like 

cassava (Anon , 1978). Also the use of some insecticides 

does not favuor the immediate utilization of cowpea 

leaves as vegetables (Khamala, 1978). Some of these 

limitations facing the small scale farmer made it 

necessary for researchers to come up with non-chemical 

methods of pest control such as the use of resistant 

varieties (Kayumbo, 1976; Jackal, 1982). 

The use of resistant cowpea cultivars as opposed 

to susceptible ones has successfully been used as one 

of the insect control methods (Painter, 1951, Jackal 

and Singh, 1983). Resistant cultivars are particularly 

advanta geous in that, they reduce the usage of 

insecticides. They also help in reducing the 

development of pest resistance to insecticides and also 

do not pose any threat to parasites and predators, a nd 

hence no extra cost to the farmer (Singh, 1978b). 

Most of the cowpea cultivars thought to be 

resistant or susceptible are selected for monocropping 

(Jackal and singh, 1983). However Saxena (1985) 

indicated that the expression of resistance in plan t s 
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though genetically controlled may be affected by other 

factors such as insect response to particular stimuli, 

other organisms present and environmental factors 

(light, humidity and temperatures) which may at times 

determine the phenotype. It is important to obtain 

information on the role of intercropping on the 

resistance or susceptibility of cowpea cultivars . 

In the tropics stern borers are considered as the 

most important pests of maize (Usua, 1968a). According 

to Hill (1975), the well known destructive example are 

found among Noctuidae ie. the maize borer Busseola 

fusca (Fuller}, the pink stalk borer Sesamia calamistis 

(Hampson) and the puple stern borer Sesamia inference 

(Walker} while among the Pyralidae are the spotted . 

stalk borer Chilo partellus (Swinhoe) and coastal stalk 

borer Chilo orichalcociliellus (Strand). 

A survey conducted in Kenya on the stem borer 

complex of maize and sorghum by Anon (1981); Omolo and 

Seshu Reddy (1985) indicated that C. partellus and C. 

orchalcoc1lie11us were the major stem borers in the 

lower altitude areas of the coast and the lake region, 

B. fusca being second in importance. Eldana sacharlna 

is principally a pest of sugar cane but has spread to 

sorghum and maize. Sesamia spp. have a wide 

distribution in most lowland cereal growing ares of 

East Africa. The same survey also indicated that 
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distribution of these stem borers were influenced by 

altitude, temperatures and rainfall patterns resulting 

to Chilo spp. being most important in warmer areas 

while B. fusca is dominant in cooler areas. 

Detailed studies on intercropping maize, sorghum 

and cowpea by Amoako-Atta and Omolo(l983), Amoako-Atta 

et.al. (1983), Dissemond (1984) , Ornolo and Seshu Reddy 

(1985) have identified the cereal/legume 

(maize/cowpeas) as a good combination in terms of stem 

borer control. This combination forms a traditional 

intercropping system followed by most farmers. 

Knowledge on the effect of resistant and 

susceptible cowpea cultivars on Maruca and thrips 

infestation when cowpea is intercropped with maize is 

scanty. The present studies were there_fore undertaken 

with the following- major objectives: 

1. To study the effect of intercropping resistant 

and susceptible cowpea cultivars with maize on legume 

pod borer H. testulalis. 

2. To study the extent to which intercropping 

would influence the level of resistance and 

susceptibility of cowpea cultivars to M. testulalis. 

3. To study the colonisation process to resistant 

and susceptible cowpea cultivars with emphasis on 

oviposition. 
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4. Study the microenvironment differences between 

the pure and intercropped cowpeas and the subsquent· 

effect on the colonization of M. testulalis. 

5. Study the stern borer complex and incidence on 

maize when intercropped with resistant and susceptible 

cowpea cultivars. 

The objectives were achieved by testing the 

following hypothesis; 

1. Intercropping affects the infestation of legume 

pod borer on resistant and susceptible cowpea 

cultivars. 

2. Resistance and susceptibility of ~owpea to 

Maruca is affected by intercropping. 

3. C~lonisation processes of Maruca on resistant 

and susceptible cultivars are interfered with by 

intercropping. 

4. Microclimatic differences between pure and 

intercopped stands affect the colonisation process of 

Maruca. 

5. Stem borer complex and incidence is affected by 

intercropping maize with resistant and susceptible 

cowpea cultivars. 
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CHAPTER 1 

LITERATURE REVIEW 

1.1. INTERCROPPING AND PEST 

MANAGEMENT 

Intercropping or_~ixed cropping is the_ 

main feature of cropping system in the tropics, 

where two or more crops are grown simultaneously in 

the field (Anon, 1978; Perrin and Phillips, 1978). 

There are other types of intercroppings namely mixed 

cropping, where there is no distinct row 

arrangement, row intercropping where plants are 

grown in rows, strip intercropping with crops being 

grown in different strips wide enough to permit 

independent cultivation and the relay intercropping 

where two or more crops are grown simultaneously for 

a part of life cycle of each, and the second crop 

being planted before harvest of the first crop 

(Andrew, 1974; Perrin and Phillips, 1978). 

Pimentel (1961) ; Southwood and Way (1970); Nickel 

(1973), Van Emden and Williams (1974) contended that 

although monocultures are highly productive than 

polycultures, they have a high genetic and 

horticultural uniformity which results to continous 
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pest susceptibility. 

According to Altieri et. al (1978), the terms 

polyculture, mixed cropping, double cropping and 

crop ass oc iation have been used interchangeably to 

describe the planting of more than one crop in same 

area in one year. In designing and management of 

these cropping systems, one strategy is to minimize 

negative competition and maximize positive 

complementarity among species in -the mixtures 

(Francis et. al., 1976) . In the tropics 

intercropping has been an important component of 

small farm agriculture, and one reason for the 

evolution of this type of cropping system may be 

less incidence of pests and diseases (Francis et al 

1976). 

1.1.1 Advantages of Intercropping (mixed 

cropping). 

In agriculture, experimental studies ha ve 

clearly demonstrated that where labour is intensive 

and where pest and diseases are usually high, mixed 

cropping systems give a high and more depandable 

returns than in monoculture systems(Norman, 1974, 

1976; Agboola and Fayemi, 1971; Finlay, 1975b; 

Nangju, 1975). Studies conducted in IRRI (1974) have 
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shown that there ls high productivity in terms of 

qross returns per hectare in terms of land 

equivalent ratio when soya beans were in~ercropped 

with maize. This increased productivity has been 

attributed by Parker(1969) and Norman (1976) to; 

1. More efficient use of solar radiation due to 

better interception of light by the foliage per unit 

spa~e . 

2. Positive interaction between diffent plant 

species, for example the increased yields of cereals 

when mixed with legumes due . to availability of 

nitrogen fixed by the legumes (Agboola and Fayemi 

1971). 

3. Efficient use of soil moisture and nutrients 

associated with different rooting depth of 

constituent crops (Suryatna and Harwood, 1976) . 

4. Improved soil by maintainance of fertility as 

well as preventing soil erosion and weed growth 

(Finlay, 1975a) . 

5. The potential compensatory growth of those 

crops in an intercrop which suffers least from 

vagaries of the environment (Fisher, 1975b). 

6. Reduction in insect damage, by the principle 

of increasing the species diversity of an 

agroecosystem (Lawani, 1982). 
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1.1.2. Insect Pests under Intercropped Ecosystem~ 

In the tropics where crop pests cause 

serious damage,foresters and farmers have long since 

recognised that individuals of a s pecies in pure 

culture are more heavily damaged than individuals of 

the species interspersed among individuals of other 

species (Trenbath, 1976). Intercropping as a 

cultural method of pest control is based on this 

principle of increasing diversity of an 

agroecosystem and its effect on the population 

dynamics of the pest (Way, 1977 ; Perrin and 

Phillips, 1978; Lawani, 1982). 

TrenBarth (1976), Perrin (1977) and 

Perrin and Phillips (1978) contend that the main 

process by which pest problems are reduced in mixed 

culture is influenced by various factors such as; 

(a) Colonisation of crops. 
. . 

According to Tahvainainen and Root(1973), 

interplanting non-host plants can drastically 

decrease colonization eff iciency and subsquent 

population density which according to Perrin (1977 ) 

is caused by; 



16 

(1) Visual effects:- A mixture of crop types may 

affect the visual distant perceivable stimuli that 

attracts insect pests to their suitable host plants 

where in soae cases, one crop becomes totally 

comouflaged by another from fly i ng insects. 

Cromartie(1975) found that the vegetational 

background of a collard crop, Brass!ca oleracea had 

different effects on fau na associated with it. He 

also found that plot size produced significant 

effects· on insect colonisafion. P. rapae 

successfully invaded single plant stands, whereas 

Phyllotreta cruciferae prefered the 100 plant 

stands. 

(ii) Olfactory effects:- Host plant orientation 

in insects involves olfactory mechanisms CIRR I , 

1973; Nangju, 1976; Perrin, 1977; Saxena, 1985). 

studies conducted at IRRI (1973) on feeding and 

searching behaviour indi ca ted that cabbage, which is 

a natural host of diamond back moth Plutella 

xylostella L., when interplanted with tomatoes, a 

non-host, had fewer eggs and adults than cabbage in 

pure stands. However, there are ether cases where 

polyphagous i nsects may be attracted by mixed odours 

as with the case of the coreid bugs Clavigralla Spp. 

which is attracted to other legumes when they are 

lnterplanted with pigeon peas (Kayumbo, 1976). 
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(iii) Diversionary hosts:- Some crops are planted 

as trap crops where they act as diversionary hosts 

by protecting other more susceptible or economically 

valuable crops from damage (Perrin, 1977). 

Raheja(1973) found that unsprayed cowpea is less 

subjected to insect damage when intercropped with 

sorghum rather than in sole crop indicating that 

some polyphagous pests prefer cereals. An edge 
- · -. 

effect of _ p~theca sp. population have been observed 

when cowpea was i ntercropped with maize. Here the 

migrating adu l ts initialy colonise the outer roys 

with the maize restricting their subsquent 

dispersal(Kayumbo, 1976). Way (1975) reported that 

Crotalaria SPP. sown prior to cowpea helped to 

protect cowpea from legume pod borer_H. testulalis. 

(b) Pest population development:-

The confus ing visual and olfactory 

stimuli received from host and non- host plants may 

disrupt normal feeding or mating behaviour of an 

insect (Tahvananainen and Ruots, 1973). Similarly, 

the reduced tillage and smaller size of individual 

plants when intercropped has been considered to 

decrease disease incidence (Wilhelm, 1973). However 

in some cases, more favourable habitats for pests is 
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cre~ted when a pest ls allowed to switch from a 

senesclng to a more suitably younger crop and 

continues to increase in numbers (Kayumbo, 1976). 

Accondi ng to Perrin (1977), rapid population build 

up is naturally favoured where pests f lnd their 

food, s helter and ovlposltlon requirement within the 

crop. However, the benefits of multiple cropping may 

depend on how pest populations are affected at 

critical developmental stages in crop growtn. 

(c) Dispersal:-

Because many pests and disease organisms 

tend to be specialized to attack just one or a small 

group of host species,the individuals of other plant 

species (non-host) in a mixture constitute a 

pontentially absorptive barr ier to movement between 

those plants which can be attacked {a "fly paper 

effect") {Trenbath, 1976; Perrin, 1977}. This 

concept has been observed by Taylor{1977) that less 

flower damage due to H. testu1a11s occurred when 

cowpea was intra - row rather than interrow cropped 

with maize. A similar observation is reported by 

Gethl and Khaemba (1985) who observed that the outer 

cowpea rows when intercropped with maize, harboured 

more H. testulalis larvae than the center of the 

plots. Gethi{1986) also observed this kind of 
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behaviour on cowpea flowerbud thrips (H. sjostedti). 

Kayumbo et. al. (1976) observed more cluster 

distribution of O. bennJgsent and coreld bugs on 

mixed rather than mono-cropped cowpea, and 

attributed it to restricted movement of adults 

between plants. Amoako-Atta ~.al. (1983) also 

observed that differences in relative abundance of 

H. testula1is to the cowpea when intercropped with 

maize or sorghum 

could have been due to the fact ~hat pest migration·-· 

could have been impaired by the non host plant which 

acted as ~hysical barriers to inter- or intrarow 

migration . Therefore, barrie r hazards to insect 

dispersal should be regarde4 as a bases of insect 

pest control as was suggested by Way(1975). 

(d}Predators and parasites abundance:-

One of t he hypothesis used to explain 

low insect population in a complex environment (eg 

intercropping } is that predators and parasites are 

more ettective in this kind of situation (Roots, 

1973, Altieri et al, 1978}. However Perrin (1977} 

stated that natural enemy abundance may be decreased 

by multiple cropping, particularly if they respond 

to the confusing visual and olfactory cues. Studies 
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at IRRI (1973,1974) and Raros (1973) showed that 

lntercropping maize and groundnuts greatly reduced 

the damage to maize by the corn borer Ostr1n1a 

furnaca11s Gn. They attributed this reduction to the 

increased activities of predatory wolf spiders 

(Lycosa spp.). 

Altieri et al., (1978) working on leaf 

hoppers (Empoasca kraemeri_~oss.) showed that there 

were signifantly fewer adult leaf hoppers on beans 

in the maize/bean polyculture compared to 

monoculture beans. These - authors contended that the 

reduction was not due to diversity in cropping 

system but due to egg prasitoid ( Anagyrus §12.) of E. 

kraemeri which showed higher activity in 

polycultures. 

(e) Associational resistance :-

Restricted dispersal of insect pests may 

also result from mixing resistant and susceptible 

cultivars of one crop (Van Emden, 1976). Baker and 

Cook (1974) had earlier suggested the idea of 

cultivating cereals as multiline mixtures in order 

to stabilise their associated biological 

communities. Extensive work on multiline mixtures 

and it success in reducing stem borers in sorghum 
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has beeen reported by Omolo et. al (1990) . 

(f) Micro-environmental effects:-

The presence of a companion plant in an 

lntercropped system creates a micro-environment for 

the susceptible crop which differs from that found 

in pure culture (Trenbath, 1976). These micro

environmental differences are thought to affect 

host-par~site relationship by ~ither influencing th~ 

population of natural enemies attacking the 

organism, or by acting on the potentially atta~ked 

component changing its susceptibility or act 

directly on the attacking organism (Trenbath, 1976). 

For example where cowpea is grown under maize, the 

lower temperatures and higher relative humidity are 

unfavourable to the colonisation by flowerbud thrips 

(Anon, 1985). Similarly, in the Phillipines, the 

corn stalk borer was found to be less abundant in 

maize/ ground nut mixtures because spiders which 

prey on them were favoured by the environment in the 

mixtures than in pure maize CIRRI, 1973, 1974). 

Willey and Osiru (1972) and Gardine~ and Craker 

(1981) found that when maize was intercropped with 

beans, there was a reduction of the photosynthetic 

active radiation incident on the bean canopies which 
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resulted to reduced number of leaves and pods and 

hence affected the feeding sites of certain pests. 

The effect of cropping patterns on the population 

dynamics of pests can be summarised as in figure 1.1 

· from Perrin (1977). 

Altieri et. al., (1978) suggested that 

although pest regulation mechanisms mentioned above 

are not fully understood, some factors which 

condition a lower pest incindence in mixed cropping 

are more of natural enemies, microclimatic gradients 

(mainly shading) and chemical interaction. He also 

suggested that these factors function together as an 

associational resistance. 

1.2 . Pests of cowpea: 

The cowpea (Vigna unguiculata L. Walp.) 

is one of the major crops in arid and semi-arid 

areas in Africa where it forms a variable source of 

protein (Booker, 1965). In drier parts of East 

Africa, cowpea green tender leaves are used as a 

"spinach" crop, the immature pods as a vegetable, 

and the seeds as a pulses (Koehler and Mehta, 1972). 

Earlier Sellschope (1962) considered cowpea to be 
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among the most important leguminous crops in Africa, 

taking third position to groundnuts (Arachis 

hypongea L.) . In Kenya about- 67000 ha. were under 

covpea in 1977 out of which a total of 62,000 ha. 

consisted of cowpea grown extensively in mixtures 

with other crops (Anon, 1978). About 85% of cowpea 

is grown in the marginal rainfall areas of Eastern 

prov ince while 8\ is produced in Coast province and 

the rest in Nyanza and Western provinces (Khaemba, 

1980). 

Cowpea yields in Ke nya have ranged from 150 to 500 

Kg/ha.,which is extremely low in view of the fact 

that yields as high as 1500Kg/ha. can be obtained by 

protecting the crop from pest attack (Khaemba, 1978; 

Khaemba, 1980). The primary cause of such low 

yields is the damage done by insect pests (Booker, 

1965a). Almost every part of cowpea plant is 

attacked by one insect species or another (Koehler 

and Mehta, 1972). Earlier Booker (1965b) working in 

Nigeria listed as many as 85 species that cause 

injury to cowpeas of which only a few of them were 

considered to be major pests. 

Major pests of cowpea can be divided into two 

groups,namely pre-flowering and post-flowering of 

which the latter are the most important (Booker, 
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1965a). According t o Singh and Van Emden(l979), the 

pre-flowering pests include Ootheca spp which are 

leaf eatinq beetles, Aicldodes Ieucogram.mus 

(Erlchs), a stem. girdler of which both larvae a nd 

adults cause damage and leafhoppers m.ainly in the 

genus Empoasca with E. dol!chi being the main 

species found in Kenya. Also among the pre-flowering 

pests a~e aphids such as Aphis craccivora (Koch) and 

bean flies in the genus Oph!omia . A large number of 

bettles feed o~_cowpea although they a re of minor 

importance. 

Post-flowering pests of cowpea are the most 

important. These pests include the flowerbud thrips 

H. sjosted t i which feed on flowerbuds a nd flowers 

causing severe damage. H. tes tulalis or the legume 

pod borer is the major pest of cowpea attacking both 

vegetative and reproductive parts of cowpea crop 

(Okeyo-owuor et. al., 1983). Other post-flowering 

pests of major economic importance are coreld bugs 

which includes the Nezara viridula, Anoplocnemis 

curvipes (F.), Riptortus spp mainly R. dentipes and 

Clavigralla spp. These bugs feed on green pods 

causing pre-mature drying a nd s hrivelling . The 

shrivelled pods produce no seed (Singh, 1979). In 

storage, cowpea seed is attacked by two species of 

bruchlds namely Call osobruchus maculatus Fab. and 
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Bruchid1us atrolineatus Pie. (Raheja, 1977a). Cydia 

ptychora(cowpea seed moth) feed on the seed while 

still in the pod. 

1.2.1. The Legume Pod Borer(H. testulalis). 

1.2.1.1. Distribution, biology and control 

The legume pod borer Maruca testulalis 

(Geyer) (Pyralidae, Lepidoptera) is one of the most 

important pest which limits production of cowpea 

crop in the tropical world (Taylor, 1978; Singh and 

Allen 1980). Singh and Van Emden(l979) reviewed its 

literature on distribution# damage, life cycle and 

control. As cited by these authors this pest is 

reported in East, West and South Africa(Booker , 

1965; Halteren, 1978; Nyiira, 1973; Singh, 1977). 

In Asia, it is important in the Phillipines and 

India (Barroga, 1969; Saxena, 1974; Srivastava, 

1964) and Papua New Guinea(Lamb, 1978). In South 

America it has been reported in Puerto Rico and in 

Brazil, while in North America it has been reported 

in southern areas.(Passlow, 1968). 

The biology of this pest has been 

studied extensively by Taylor (1967) and Okeyo-Owuor 
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and Ochieng (1981). Adult moths have dark greyish 

with white and brown patterned wings and they rest 

with their wings spread horizonlt~ly and when on 

cowpea crop they tend to rest under the canopy 

especially on the lower surface (Okeyo-Owuor and 

Ochlenq, 1981). The female moths lay eggs on the 

flowerbuds, flowers and tender leaves and in 

captivity the moths oviposits liberally all over the 

host plant even on walls of cages(S ingh, 1979; 

Taylor, 1978; J~ckai, 1981). Ovlpositcion takes place 

at night with the leaves being more preferred(Okeyo

Owuor and Ochieng, 1981) . . Eggs are usually laid in 

small batches with 10 - 100 eggs per female(Taylor, 

1977). The eggs hatch in two to three days and the 

emergi ng larvae undergo five larval instars in 8 -

14 days (Taylor, 1967; Okeyo-Owour and Ochieng, 

1981; Jackal, 1981; Singh and Jackal, 1985). There 

is a pre-pupal period lasting for 1-2 days during 

which time larvae do not feed. The pupal stage lasts 

for 5 - 15 days, with the whole life cycle lasting 

about 18 - 25 days depending on climatic 

conditions(Taylor, 1967; Okeyo-Owour and Ochieng, 

1981). 

The most serious damage ls done by 

larvae to flowerbuds, flowers and green pods(Singh 

and Van Emden, 1979; Singh and Allen, 1980). The 

·. 
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early generation can also attack peduncles and 

tender parts of the stem. The characteristic larval 

feeding symptoms ls webbing together of flowers, 

pods and leaves with frass on the pods and shoots 

(Singh and Van Emden 1979). 

The best control of this pest so far has 

been obtained with insecticides of which several are 

effective(~ingh, 1977). Cowpea . varieties resistant . 

to attack by this pest have been indentified (Singh, 

1977). Earlier Raheja (1973) _ had reported that 

attack by this pest is reduced when unsprayed cowpea 

is grown with sorghum, than when it is grown as 

unsprayed sole crop. 

Maruca larvae in the field are attacked 

by very few nat ural enemies. Only a few hymenopteran 

and dipteran parasites have been identified from the 

field collected larvae. Among the hymenopterans are 

the Braconidae of the genus Braunsia spp and 

Phanerotoma species which attack larvae(Taylor, 

1967). Usua(l975) also recorded another pa r asite of 

the genus Eulophipae(Tetrastichus spp} which also 

attacked larvae. Among the dipterans are the 

Tachinidae flies, Thelairosoma palposum which are 

also larval parasites(Usua, 1975). In addition to 
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the above, Maruca larvae may be attacked by 

different species of predatorial insects like ants 

the most common one belnq Camponotus species which 

attacks larvae. Other predators identified are in 

the genus Aranae (spiders), namely Selonops species 

which feeds on both larvae and adults and those from 

the family Mantidae such Polypilota species and 

Spodromantis species both attacking the adults(Usua, 

1975). 

H.testula1is is known to have other host 

plants where it thrives very well. Taylor,(1978) 

listed a number of host plants identified from five 

plant families namely Papilionacea, Caesalpinacea, 

Pedalicea, Malvacea and Minosacea . However, the 

majority of these host plants belong to the family 

Papilionacea viz. V. ungulculata, V. mungo, V. 

radiata, Cajanus spp., Crotalaria Spp., Arachis 

hypogea (L), Phaseolus vulgaris (L) and many other 

plants in this family . 

Jackai and Singh (1981) studied the 

suitability of flowers of eight different plant 

species of Crotalaria spp and Vigna 2pecies and 

found that t here was a variability in the 

suitability of these _plants as hosts of Maruca. 

Their results indicated that V. ungulculata was the 
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most suitable host plant. 

The flowerbud thrlp is also regarded as 

a major pest of covpea in all areas where cowpea is 

grown ·1n Africa (Taylor, 1974; Khaemba, 19 78). This 

pest attacks flowerbuds and flowers causing abortion 

and hence reduction in yields (Taylor, 1964, 1969, 

1971; Singh, 1978a, 1979). Singh and Allen (198 0) 

described the injury as being distortion and 

malformation of flowers in heavily infested plants.

Studies on the population dynamics of the flowerbud 

thrips in Nigeria and Kenya indicated that the peak 

number of thrips was usually attained 12 to 34 days 

after onset of flowering (Taylor, 1969) . According 

to Taylor (1974) seasonal abundance and population 

changes are neve r affected by temperatures and 

rainfa ll, but rather by flowering cycles and pollen 

abunda nce in the flowers. Eggs of the flowerbud 

thrips are laid in the flowerbud and upon hutching 

nymphs feed extensively on floral tissues. The 

e nti re life cycle takes 14 - 18 days(Singh and 

Allen, 19 80). Anon(1984, 1985) indicated that 

population density of H. sjostedti on cowpea plants 

were si gnificantly lower in cowpea/maize mix ture 

compared to the sole crop of cowpea. He further 

suggested that shading resulting from maize plants 

significantly contributed to the reduction of thrips 
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in the mixtures 

1.2.1.2 . Cowpea resistance to H. testulalis. 

According to Herzog and Funderburk 

(1985)~ the primary objective of programms on 

resistance in crop plants is to develop crop 

varieties that are resistant to one or more insect 

pests while maintaining or improving agronomic 

characterlstiqs,mainly yield. Painter (1951) 

proposed the following categorization of the 

mechanisms of plant resistance to insect; 

a. Antixenosis:- This is a non

preference response of insect to plants that lack 

certain characteristics that allov them to serve as 

hosts vhich results from a choice on the part of 

ind i vidual while in search of food or ovipos i tion 

substrate. 

b. Antibiosis:- These are adverse 

effects of a plant on insect surv i val, development 

or reproduction. 

c. Tolerance:- This is where the plant 

has the ability to withstand infestation and to 

support population that would severely damage 

susceptible plants . . Painter (1951) further proposed 

another term, pseudoresistance to include apparent 
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resistance which results from the expression of 

transitory characteristic of potentially susceptible 

hosts, wh ich includes host evasion, induced 

resistance and escape. These mechan isms of 

resistance are Importan t in host plant res i stance, 

and can be used as a p r inciple tool for pes t control 

in certain cases. For instance, the c ontr o l of 

aph i ds and leafhoopers can be achiev ed by use of 

resistant cowpea varieties (Singh 1980). Cultural 

pest con~~ol methods suc h as fntercropp i ng can be 

integrated wi th host plant resistance in controlling 

insect pests (Jackal and Singh, 1983). For example, 

cropping sys t ems can be modified to include crop 

hosts that prov ide excellent habitat for beneficial 

insect populations (Herzog and Funderburk, 1985). 

The e c onomic impact of chemical control 

in cowpea p r oduction is indisputable (Singh and Van 

Emden, 1979). Chemical usage in the control of 

cowpea pest by the small scale farmer is still 

limited. According to Jackal and Singh (1983), this 

could be either because the farmers lack the 

technical k nowhow or because the component of this 

technology(insecticides, sprayers etc) is not within 

their reach. It is therefore neccesary that other 

c ontrol options be i nvestigated,but rather as a part 

of an integrated pest management programm for cowpea 
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insect pests. If varieties resistant to insect pests 

are identified and developed, the use of chemical 

insecticides would be reduced(Nilakhe and Chalfant ~ 

1982). 

However, Singh (1977) and Nangju (1979) 

have published a lot of work on varietal resistance 

on cowpea in Africa. By 1983 the cowpea germplasm 

collection had reached 11,500 accessions (Singh, 

1983) and fro~ this a total of 60UO lines have been 

screened and identified as sources of different 

levels of resistance to Maruca (Singh et. al., 

1984). TVU 946 was found to be the only cultivar 

having a certain degree of resistance and has been 

used as a donor of resistance in breeding programs 

(Singh, 1978b; Jackal, 1982; Da browski et . al., 

1983; Singh et. al., 1984). 

Several other c ultivars have been 

reported to be moderately res i stant . These include 

varieties like Vita 5 (Singh, 1978b; Jackai, 1982) , 

Kamb oinse local and TVU 1 (Jackai, 1982). Earlier, 

Singh, (1977) had re~~rted that resistance of Vita 5 

was due to long peduncles and its ability to escape 

damage. He also found TVU 3962 to be resistant to 

Maruca wh ile Vita 4 was moderately resistant. 
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Singh (1978b), Jackai (1981, 1982) and 

Dabrowiski et. al. (1983) showed that flovers and 

pods of TVU 946 are significantly less damaged 

compared to other varieties and can escape damage by 

H. testulalis under natural c onditions. Several 

sources of resistance in cowpea have been identified 

by Singh (1979) and Raman et. al . (1978). These 

authors showed that the mechanism of resistance in 

some covpea varieties against leafhooper damage was 

due to antibiosis, and that resistance by cowpea 

variety TVX 3236 was due to non - preference and 

antibiosis. The major source of resistance in TVU 

946 is due to its ability to mature early thus 

showing significantly lower levels of infestation 

and damage (Jackai, 1981 , 1982). Singh (1979) 

attributed this resistance mechanism by TVU 946 to 

non-preference for oviposition, and a ntibiosis. 

Earlier Singh (1978a) had reported that narrow angle 

between two pods or pods touching each other ena~les 

a signinificantly higher infestation to occur (viz 

those varieties with pods touching each other are 

more susceptible to Maruca attack). Also the 

varieties that have short peduncles with pods inside 

the canopy such as ICV 2 are more susceptible to 

Maruca. This leads to a conclusion that plant 

characteristics enhance susceptibility to pod 

damage . Jackai (1982) and Dabrowski et. al. (1983), 
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therefore concluded that plant architecture of TVU 

946 is one of the fact ors responsible fo r less 

damage by M· testulalis. 

1.3. Stem Borer Complex in an intercropped agro

ecosystem: 

Maize is the most important food crop in 

Kenya and one of the most important cereals i n the 

world (Kuria unpublished), unlike wheat and rice 

which are limited in distribution by climate. 

Many insect pests attack maize in the field and in 

store where all stages of growth are vulnerable to 

several insect pests (Hill, 1975). Seedlings are 

attacked by cutworms, the germinating seed by 

weevils such as Nematocerus sp. which attack tender 

leaves, and occasionally by aphids(Aphis maidis 

Fitch) which feed on young leaves. 

Stem borers are considered to be the 

most important pests of all graminaceous crops in 

the world(Jepson, 1954; Hill, 1975). These borer s 

constitute one of the major constra ints to efficient 

maize production in the developing world, where 

maize is considered as one of the most important 

subsistence crops (Scheltes, 1978). In the tropics 
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more than 23 species of stem borers have been 

recorded (Nye, 1960; Seshu Reddy, and Davies, 1979) 

on both maize and sorghum. These borers cause damage 

by feeding on the leaves, in the whor ls of plants 

and then bore inside the stems causing "dead hearts" 

on maize and chaffy heads on sorghum (Hill, 1975). 

In the tropics the stem borers known to be most 

destructive are found among the Noctuidae like the 

maize bore B. fusca, the pink stalk borer S. 

calamlstis a nd the purple stem borer S. inference 

and among the Pyrallidae, are the spotted stalk 

borer C. partellus, coastal stalk borer C. 

orlchalcociliellus and the sugar cane borer E. 

saccharina (Hill, 1975; Scheltes, 1978). 

Studies c onducted by Seshu Reddy(1983) 

showed that the stem borers C. partellus, C. 

orichalcociliellus, B. fusca, S. calamistis and E. 

saccharina were the most important borers of maize 

and sorghum in Kenya. Earlier studies by Anon (1980, 

1981) on stem borer complex showed that C. partellus 

contributed to 90% of all borer species infesting 

maize and sorghum in lowland areas of Kenya. Anon 

(1981) and Seshu Reddy (1983) furthe r reported that 

the distribution of stem borer species is influenced 

by the altitude, rainfall and temperature. In warmer 

and lower altitude areas, C. partellus was the most 
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important stem borer. Earlier Ingram (1958) had 

reported that c. partellus could not live above 

lSOOm. while B. fusca was found to be the dominant 

stem borer species in the cooler and higher altitude 

areas above 1500m. S. calam1st1s has been recorded 

at all altitudes from the sea level to 2600 m. and 

is common in hilly and irrigated areas (Seshu Reddy, 

1983). Ingram (1958) had indicated that E. 

saccharlna was not a pest of any Jmportance in East 

Africa but ~irling (1978) found this pest in maize, 

sorghum and sugarcane. Seshu Reddy (1983) also found 

E. saccharl na on sorghum and maize mostly in the 

sugar belts of Western and Nyanza provinces of 

Kenya, and commented that this pest appeared to have 

widened its distribution since Nye's (1960) survey. 

Several stalk borer control methods have been 

utilized, but the typical control method is by use 

of chemical insecticides (Warui and Kuria, 1983). 

This method according to Lawani (1982) is not 

applicable under peasant farmer situations due to 

the feeding behaviour of the borers. He indicated 

that once the larva has bored into the stem it is 

protected from the insecticide . The insecticide is 

supposed to be applied before the downvard migration 

of the larvae. In order to obtain an effective 
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chemical control of the stem borer, it calls for a 

precise placement of the chemical and careful timing 

(Lavani, 1982) . Cultural practices which have been 

identified to reduce stem borer population includes 

sanitation, tillage , time of planting, spacing, 

rotation, use of fertilizers, mu l ching and 

irrigation (Bowden, 1976; Lal, 1979; Kaufmann, 

1983). Host . plant res i stance has also been shown t o 

offer an economical, stable and ecologically sound 

approach to reducing stalk borer damage (Ampofo, 

1986). 

Intercropping which is one of the cultural methods 

of pest control is based on the principle of increasing the 

diversity of an agro-e cosystem (Smith, 1970). In this kind 

of a system, attractive host plants may concentrate insect 

pests by diverting them from the other crops and making them 

vulnerable to predators and parasites. Results o n the 

influence of maize when intercropped with other c r ops on the 

stem borer infestation have been reported by various 

authors(IRRI, 1973, 1974; Sastrawinata, 1976; Kaufma n n, 

1983; Amoako Atta et . al., 1983 a nd Am oa k o Atta and Omolo, 

1983). Studies in IRRI (1974} showed that intercropping 

maize with groundnuts reduced the damage to maize by the 

corn borer Ostrinia furnacalis Gn. Sastrawinata(1976} 

i n tercropped maize with soya beans and ground nuts and found 

that intercropped maize had significantly lower n umbers of 
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egg masses, l ar vae, pupae and pupal cases of the corn borer 

O. furnacalis when compared vith maize as a sole crop. The 

data on the population dynamics of E. saccharina, S. 

calamistis and B. fusca in maize when in pure stand and 

when intercropped with cassava indicated that there was a 

·reduction in the number of borers in the intercropped stands 

than when maize was in pure stands (Kaufmann, 1983). 

Investigations by Anon (1986) also indicated that certain 

host/non-host combinations such as sorghum/cowpea, and 

cowpea/maize, reduced the borer attacks, whereas other 

combinations such as sorghum/maize enhanced pest attack. 

These studies suggests that intercropping has some potential 

as a cultural method of controlling some cereal borers and 

also there is likelyhood of the use of resistant/susceptible 

cultiyars in intercropping as a way of pest management 

CAno-n ., 1984). 
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CHAPTER 2 

GENERAL MATERIALS AND METHODS 

2.1 Experimental Site . 

The_~xperiments reported here were carried 

out during the short rain of 1987, l ong and short 

rains seasons of 1988 at the International Centre of 

Insect Physiology and Ecology(ICIPE) Mbita Point 

Field Station. The centre is at the shores of Lake 

Victoria in South Western Kenya. The station is at 

an altitude of 1170 m. above sea level and has two 

rainy seasons; long rains which lasts from March to 

June and short rains in Octomber to November. The 

amount of rainfall varies from year to year and 

season to season. The rainfall pattern during the 

study period is shown in figure 2.1. Due to the 

unreliability of the rainfall during the short rains 

of the study period, irrigation was used. 

Temperatures during the long rains ranged from 21 to 

30C while in the dry seasons, temperatures rose up 

to 35'C. 
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2.2. Crop Establishment: 

Two selected cowpea cultivars, TVU 946 and rev 2 

were used for the study. TVU 946 ls known to be 

resistant to H. testulalis due to its early 

flowering nature (Singh, 1978a) and thus escapes 

damage to flowers and pods. The cultivar has a 

maturation period of about 50 - 60 days. This 

cultivar is closer to the wild type cowpea, with 

very small pods which contain sm~ll black seeds 

which dehiscence at maturity. On the other hand, 

ICV2 is an early maturing cultivar with a maturation 

period similar to that of TVU 946, but susceptible 

to Maruca. It has a spreading, indeterminate growth 

habit (Pathak and Olela, 1986). The two cultivars 

are well adapted to semi-arid areas wi th erratic 

sho r t duration rainy seasons. 

The two cowpea cultivars were interplanted 

with Katumani composite: a maize cultivar which is 

relatively early maturing and drought escaping with 

a maturity period of between 90 -10 0 days. 

The experiments were carried out using the 

additive model of intercropping. cowpea being the 

main crop and a certain proportion of maize added, 

thus ensuring tha t plant population of cowpea in 
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both intercropped and pure stands remains constant 

(Osiru and Willey, 1972; Amoako Atta and Omolo, 

1983) 

After land preparation of the 

experimental site, the field was demarcated into 

twenty plots of 12m by 11.25m with lm path way 

between adjacent plots. In the intercropped plots, 

maize rows were placed bet~een cowpea rows. Both 

cowpea and maize were planted at the same time at 

the rate of 2 seeds per hole which was later thinned 

to ~ne plant per hole at approximately two weeks 

after germination. 

2 . 3. Design. 

The design used in the experiment was 

Completely Randomised Block Design with five 

treatments being: 

1. TVU 946 pure stand. 

2.TVU 946 intercropped with maize. 

3. rev 2 pure stand. 

4. rev 2 intercropped with maize. 
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5. Maize pure stand. 

Treatments were replicated four or 

three times depending on land availability with pure 

stands as controls. 

Cowpea monocrop and in the intercrop had 

approximately 88,888 plants/ha at a spacing of 75cm 

X 15 cm. while maize rnonccrop and intercrop had 

approximately 44,444 plants/ha at a spacing of 75cm 

by 30 cm. No pesticides were used during the study 

period, and the plots were kept weed free throughout 

the study period by hand weeding . 

2.4 Sampling Procedure. 

Each respective plot was subdivided into 36 equal 

cells measuring 2m by 1.875m using a pegged manilla string 

(Fig 2.2). The cells bordering the edges of the plots were 

considered as guard cells and were not included in the 

sampling or harvesting to avoid edge effect . Four of the 

remaining 16 cells were randomly selected and marked as 

harvesting cells and were therefore not interfered with 

during the season (Fig. 2 . 2). For each plot one cell vas 

sampled once a week for eggs, nymphs, larvae and pupae 

without going back to it agai~. 

2.4.1 Data analysis. 

The data obtained from cowpea was analysed in 
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Figure 2. 2.. Plot layout showing the sampling and 

harvesting cells in the cowpea and 

cowpea/maize intercropping studies. 
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accordance with split plot design taking cropping system as 

the main plots and varieties as subplots . The significance 

between the means were determined by F test after analysis 

of variance. Other statistical tests used for certain 

specific experiments are stated in the subsquent sections. 

However data for pest counts was transformed using square 

root x + 1 or log x + 1 transformation to standardize the 

variance bef ore being subjected to analysis of variance. 
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CHAPTER 3 

ESTIMATION OF THE EFFECT OF INTERCROPPING 

RESISTANT AND SUSCEPTIBLE COWPEA CULTIVARS WITH MAIZE 

ON H.testulalis POPULATION. 

3 . 1 Introduction 

Low build up of insect pest pop ulation is 

believed to be one of the many advantages r ealised from 

inte r cropping due to provision of a less favourable 

habitat for some of the insect pests than when crops 

are grown in pure stands (Nangju, 1976) . Mixtures also 

prevent the spread of some pests to other areas due to 

the creation of physical barriers by the taller plants 

(Juarez et. al., 1982). Some studies on insect 

populations build up in mixtures have been reported by 

other workers (IRRI, 1974; Kayumbo, 1976; Gerard, 1976; 

Karel and Mueke 1978 and Gethi and Khaemba, 1985). 

However evidences from field experimentations have 

yielded c onflicting results as regards to the above 

sugges tions. Some reports ha ve indicated that 

vegetational diversity has positive effects on some 

insects and their natural enemies (Way, 1953, 1983), 

while to the contrary, low insect build up has been 

reco r ded in mixtures (Gerard, 1976; Ka ufman, 1983; 

Karel et. al., 1980). But there is very little 

experimental evidence on pest status under 
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intercropping when combined with host plant resistance. 

It was therefore considered appropriate to 

estimate the effect of intercropping maize with 

resistant and s usceptible cowpea cultivars on the 

population build up of legume pod borer H. testulalis. 

The experime n t was also expected to provide information 

on the infestation of Maruca on cowpea when 

intercroppe~ _ and when in pure stand. 

3 . 2 Materials and Methods 

Infestation and damage by Maruca larvae was 

estimated by taking larval counts on the cowpea crop. 

Counting started from the 4th week after planting 

(approximately 25 days after pla n ting) which also 

coincided with the onset of flowering. Sampling was 

done at 4 days interval f~r 4 to 5 weeks depending o n 

the season at the end of which the crop was ready for 

harvesting. All the flowerbuds, flowers and pods, 

depending on the stage of the crop, were picked from a 

si ngle row/sampling cell. Flowerbuds and flowers were 

put in petri dishes while the pods were put in 

polythene bags. They were then taken to the 

laboratory, dissected a nd counts of Maruca recorded. 

At crop maturity all the pods from the harvesting 

cells (Fig. 2) where no sampling had been done were 

harvested for assessment of damage caused by the larvae 
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(entry/exit holes). These pods were later sun dried 

and later threshed to determine the level of larval 

dam~ge to the grains by recording the difference 

between the weight of the damaged and undamaged 

grains/plant . 

Counts of the flowerbud thrips were also taken 

from the same set of flowers that we r e used for 

counting Haruca larvae. The sampled flowerbuds and 

£lowers were dissected and washed in water twice to 

ensure maximum recovery of the thrips. This technique 

of extracting thrips from flowers is described by Ota 

(1 968 ). Thrips which were freed in water and t hose 

still attached to floral parts were counted under the 

binocular mi croscope (X 12). 
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3 . 3 RESULTS 

Results showing the effect of intercropping 

resistant(TVU 946) and susceptible (ICV2) cowpea 

cultivars with maize during the short rains and long 

rains of 1987 and 1988, are shown in figures 3.1, 3.2 

and 3.3, tables 3.1, 3.2 and 3.3. Figure 3.1 shows 

that during the short rains of 1987, M. testulalis 

larval populat ion increased from the first sampling· day 

(4th week after germination) and reached a peak during 

the second week of sampling (12th day after first 

sampling) (Figure 3 . 1) which also coincided with peak 

flowering period in all the cropping systems . The 

population then declined slightly up to the end of the 

season. During the entire cropping season, the 

incidence of Maruca larvae in the pure stands of both 

TVU 946 and ICV2 was higher than on the intercropped 

stands of both varieties. However the incidence of the 

larvae on the susceptible cultivar ICV2 when in pure 

stands was higher than in all other cropping systems 

with TVU 946 intercropped stands, having the 

lowest(avarage of 0.85 larvae/plant) (Fig.3.1). In 

general TVU 946 while in pure stands and when 

interc ropped wit h maize had le ss incidence of Maruca 

larvae th r oughout the season as compare d to ICV2 pure 

and intercropped stands (Appendeces 1 and 2). 
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Figure 3. 1. Incidence of IJa.ruca larvae/plant when 

cowpea cultivars were in pure stands 

and when intercropped with maize 

(short rains 1987) . 
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Table 3.1 shows the mean numbers of Maruca larvae 

per plant during the entire cropping season. The data 

from this table (3.1) shows that there were 

significantly (p= 0.05) fewer larvae per intercropped 

plant (0.91 ± 0.04) on TVU 946 intercropped than in all 

other treatments which were statistically similar (p = 

0.05). The pooled means also indicated a significantly 

(p = 0.05) lower number of larvae per plant for TVU 946 

pure and intercropped stands(l.29 ± 0.27) compared to 

ICV2 pure _ and when intercropped(l.37 ± 0.03) (Table 3.1 

and Appendi x 2) . 

The data on the incidence of Maruca larvae 

recorded per plant during the long rains of 1988, are 

shown in figure 3.2 and table 3.2. Figure 3.2 shows 

that unlike in the previous season where H. testulalis 

larval population increased during the first week of 

sampling, the population during this season increased 

from the second sampling interval (five weeks after 

germination) and reached a peak during the sixth 

sampling interval (6th week after germination) in all 

the cultivars and cropping systems. This was also the 

time the cowpea crop was at peak flowering period. 

Du ring the second week of sampling, ICV2 in pure stands 

had the highest number of larvae (5 larvae/plant) which 

rose and reached the peak during the sixth sampling 

interval (Fig.3.2). The population thereafter declined 

up to the end of the season. Like in the previuos 
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Tabl~ 3 . 1. Mean number of Maruca larvae/plant when c ovpca cultivars 
we r e planted in p u r e stands and when intercropped with 
maize (short rains 1987). 

Cropping system 

TVU 946 C/M 

TVU946 pure 

ICV2 C/M 

l~Y2 pur~ 
CV = 8.47 
SD .±. 0.51 

Number of larvae 

0.91 .L 0.04a 

1.67 ± .. 0.13b 

1.36 .±- 0.07b 

1 • ~-7...±-. .. n.~J- 2 b 

Pooled mean 

1.29 + 0.27a 

1.37.±. 0.03a 

Means within the column follow e d by same letter are n o t 
signifi c antly different at P =0.05.(Student Newmans Kuels test 
Means transformed using square root x +l. 
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season, the incidence of Maruca larvae on the pure 

stands of TVU 946 and ICV2 was higher than on their 

intercropped stands. However, the incidence of Maruca 

larvae on the pure stands of ICV2 was generally higher 

than in all other cropping systems. During the initial 

two weeks of sampling, ICV2 pure stands maintained a 

higher larval population . From figure 3.2, it is 

evident that TVU 946 when interplanted with maize 

maintained the !owes t larval __ population than al 1 o_ther 

cropping systems. Towards the end of the season TVU 946 

had the lowest larval population compared to that of 

ICV2 (Appendix 3). 

Table 3.2 shows the mean number of Maruca larvae 

recorded on resistant(TVU 946) and susceptible(ICV2) 

c owpea cultivars both in pure stands a nd when they were 

intercropped with maize over the entire cr oppi ng season 

(Long rains 1988) . As in the previous season, the data 

indicated that there were sign if icantly (p = 0.05) less 

number of Maruca larvae per plant (2.10 ± 0 .37) on TVU 

946 when interplanted with maize than when it was in 

pure stands(2.37 + 0.46). Similarly the number was 

significantly (p = 0.05) lower tha n when susceptible 

cultivar ICV2 was planted in pure stands (2 . 65 ± 0.19 

larvae/plant) (Table 3.2 and Appendix 4). However the 

number of larvae per plant were not significantly (p = 

0 . 05) different when pure stands of ICV2 were compared 

with intercropped stands of the same cultivar though 
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Figure 3. 2. Incidence of 11aruca larvae/plant when 

cowpea cultivars were in pure stands 

and when intercropped with maize (long 

rains 1988) . 
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:cv2 when interplanted with ma ize had fewer Maruca 

:arvae . The poole~ means (Table 3.2) indicated that 

3lthough there were n6 signif i cant (p 0 . 05) 

!ifferences in the number of larvae per plant between 

~3rieties, TVU 916 being a resistant variety had l es3 

~umber(2 . 24 ± 0.19 larvae/plant} of larvae than variety 

:cv2 (2.55 ± 0.14 larvae/plant). However the data also 

~ndicated that there was a significant(p = 0 . 05 ) 

~nteraction between varieties and the cropping systems 

'. Appendix 4). 

The data on the incidence and the mean numbers of 

~aruca larvae per plant during the short rains of 1988 

3:e show~ in figure 3 . 3 and table 3 . 3 . Figure 3.3 

s~ows that the incidence of Ma ruca larvae in all the 

::eatments during the entire season was extremly low 

=~mpared to other seasons. Also the infestation took a 

=~ch shorter time than in the preceding seasons (short 

:3lns 1987 and long rains 1988). The larval population 

~3s initially higher when TVU 946 and susceptible 

: :wpea c ultivar !CV2 were planted in pure stands than 

~~en they were interplanted with maize. The larval 

;opulation reached the peak during the fifth sampling 

:nterval ( 6th week after germination) of which as in 

the previuos season was the time that the cowpea crop 

~35 at peak flowering. The population then declined up 

to the end of the season. During t he entire season, 

:~re st2nds of both cowpea cultivars maintained a 
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Table 3.2. Mean number of Maruca larvae/plant when cowpea 

cultivars were planted in pure stands and 

when intercropped ~ith maize (long rains 

1988) 

Cropping system No. of larvae Pooled means 

TVU 946 C/M 2.1 + 0.37b 

2.24 + 0.19a 

TVU946 pure · 2.37 + 0.46ab 

ICV2 pure 2.65 + 0.19g_ 

2.55 + 0.14a 

ICV2 C/M 2.45 ± 0.19a 

CV = 10.98 

Means withi n the column followed by the same letter are not 

significantly diffetent at p = 0.05.(Student Newman Kuels 

Test).Means transformed using Sq . root x + 0.5. 
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slightly higher larval incidence than the intercropped 

stands (Appendix 5). 

Table 3.3 shows that the mean numbers of larvae 

per plant during th ~ entire season was significantly (p 

= 0.05) higher when susceptible cultivar ICV2 was 

planted in pure stands than in all other treatments 

which were not sta ti stically different. However 

intercropped stand s of both TVU 946 and ICV2 had 

slightly lower numbers of Maruca larvae per plant (2.3 

± 0.17 and 2.30 ± 0.17 respectively) than when both 

cultivars were in p ur e stands (Table 3.3). However 

during this particular season there were no significant 

(p = 0.05) interactions between the cropping systems 

and the varieties (Appendix 6) although the pooled 

means indicated slightly lower numbers of larvae on 

variety TVU 946 (pure a nd intercropped) than on v~riety 

ICV2 (pure a nd inte rc ropped) . 

Data on the mean number of pods per plant for 

short rai ns 1987 are shown in table 3.4. The total 

number of pods per plant were significantly (p = 0.05) 

less when TVU 946 and ICV2 (8 . 69 ± 1.65 and 11.0 ± 0.82 

pods /plant) were in lntercropped stands . This 

probably suggested that although TVU 946 is semi wild 

variety, shading by maize reduced the number of pods in 

both varieties . But the pooled means shows that the 

number of pods per plant on TVU 946 ( 12.77 ± 1.69) were 

more than those on ICV2 (12.26 ± 0.95). This probably 
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Mean number of Maruca larvae/plant when cowpea 

cultivars were in pure stands a nd when 

intercropped with maize (sh ort rains 1983). 

Cropping system mean numbers pooled means 

TVU 946 pure 

TVU 946 c/m 

ICV2 pure 

ICV2 c/m 

CV = 21.63 

2 . 59 ± 

2.30 + 

3.40 + 

2.30 + 

0.25b 

2.45 + 0.15 

0.17b 

0.58a 

2.85 ± 0.55 

0.17b 

Means within the column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Kuels 

test). 
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Table 3.4. Mean number of pods I plant at harvest when cowpea 
varieties we r e in pure stand and when intercropped with 
maize (Short rains 1987) . 

Cropping system 

TVU 946 C/M 

TVU 946 pure 

ICV2 C/M 

ICV2 pure 

CV 20.~q 

pod/plant 

8 • 6 9 ±_ 1 • 6 Sa 

16.84 + 1.34b 

11.00 ±. 0.82a 

13. 5 3 + 1.1 Oa 

pooled means. 

12. 77 + 1. 6,9a 

12.26 ±. 0.95a 

Means ln each column followed by the same letter are not significantly 
different at p = 0.05 
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explains why there were no signlf icant (p = 0.05) 

interaction between the varieties and the cropping 

systems (Appendix 7). 

Similarly during the long rains season of 1988, 

the total number of pods per plant were significantly 

(p = 0.05) less when cultivar TVU 946 was interplanted 

with maize (5.03 ± 3.12 pods/plant) (Table 3.5). For 

cultivar ICV2 (susceptible), there were no significant 

(p = 0.05) differences when it was in pure plots and 

when it was interplant~d with maize. When both cowpea 

cultvars were compared using the pooled means, TVU 946 

had significantly (p = 0.05) more number of pods per 

plant{9.33 i 6.07) than cultivar ICV2 (6 . 92 i 0.45 

pods/plant)(Table 3.5). Unlike in the previous season 

(short rains 1987), there was a significant (p=0 . 05) 

interactlo~ · between the cropping system and the 

varieties (Appendix 8). 

Data for the short rains 1988 showing the number 

of pods per plant when resistant (TVU 946) and 

susceptible (ICV2) cowpea cultivars were planted in 

pure stands and intercropped with maize indicated that, 

unlike in the previous two seasons, there were no 

significant (p = 0.05) differences among treatments 

(Tables3.6 and Appendix 9). 

The percentage number of pods with Maruca damage 

symptoms (entry/exit holes) at harvesting during the 

short rains of 1987 (Table 3.6) shows that as in the 
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Table 3 . 5; Mean number of p ods per plant at harvest when 

cowpea cultivars were in pure stands and when 

intercropp ed wit h maize(long rains 1933 ) . 

Cropping system 

TVU 946 C/m 

TVU 946 pu r e 

ICV2 C/M 

ICV2 p u re 

CV = 5 0 .844 

pods/plant 

5.03 + 3.12a 

13 . 62 ± 3 . 86ab 

6.60 + 3.28a 

7.23 ± 3.28a 

pooled means 

9.33 ± 6.07a 

6 . 92 ± 0.45b 

Means within the col umn followed by the same letter are not 

sign icantly different at p = O.OS(Student Newmans Kuels 

Test). 
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case of pods /plant where pure stands of both TVU 946 

and ICV2 had more pods per plant, the percentage number 

of pods with larval damage were also more (1.25 ± 0.02 

and 1.32 ± 0.06 respectively) on pure stands than when 

both cultivars were interplanted with maize (1.14 + 

0.13 and 1.34 ± 0.01 respectively) . The pooled means 

~lso indicated lower numbers of pods per plant with 

dama ge symptoms on the resistant cultivar TVU 946 than 

on su~ceptible ICV2 (Table 3.6 and Appendix 10). 

Similarly, during the long rains of 1988, the 

percentage number of pods per plant with la r val damage 

symptoms at harvesting (Table 3. 7 ) were significantly 

(p = 0.05) more on pure stands of both cowpea cultivars 

(50.29 ± 13.35 and 50 . 04 ± 6.47 damaged pods/plant) 

than the corresponding intercropped stands (46 .69 ± 

6.37 and AS.26 ± 1.11damaged 0 pods/plant respectively). 

The pooled means a l so indicated a slightly lower 

percentage of pods with damage on TVU 946 than on ICV2 

though the differences were not statistically similar. 

This explains why there was no significant (p = 0.05) 

interaction between the varieties and the cropping 

systems (Append ix 11). 

The data collected on the number of Maruca 

larvae/plant and pods with damage symptoms we re 

subjected to further statistical analysis to determine 

the relationship between the abunda nce of the pest and 

the magnitude of t he damage it caused. During the 



65 

. 
Table 3.6. ~ean number of pods /plant at harvest with .Ha~uca laivae 

damage symptoms (% of total no. of pod/plant) when 
cowpP.a was in pure stands and when intercropped with 
maize (short rains 1987). 

Cropping system pods /plant pooled means 

TVU 94 6 C/M (8.69) 1.14± 0.13 I 

1.19± 0.04 ' 
TVU 964 pure (16.B4) 1.25 ± 0.02 
ICV2 C/M (11.00) 1.34 ± 0.01 

1 . 33 ± 0.03 
ICV2 pure (13.53) 1. 32 ± 0.06 

CV = 17.00 
Numbers in the brackets indicates the total no. of pods /plant. 
Means transformed using Square root(X + 1) 
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Table 3.7 . Mean numberof pods/plant with Maruca larvae 

damage symptoms (expressed as a \ of pods/ 

plant) (long rains 1988). 

Cropping systems 

Tvu 946 C/M 

Tvu pure 

ICV2 C/M 

ICV2 · pure 

CV = 16.13 

% pods/plant 

46.69 + 6.37a 

50.29 + 13.35b 

45.26 + 1. lla 

50.04 + 6.47b 

pooled mean 

48 . 49 + 2.55 

48.65 + 3.37 

Means within the c o l umn foll6wed by the same lett~r are not 

signicantly different at p = 0.05 (Student Newman Kuels 

Test) .. 
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short rains of 1987. Figure 3.4 clearly shows that the 

coeffici e nt of correlation was positive (r = 0.60) and 

indicated a significant (p = 0.05) relationsh ip . But 

during t 11 ~ long rains(l988) the coeffic ient of 

correlatlon(r = 0.18) was also positive although the 

relatio n~h ip was not significant (Fig. 3.5). This 

meant th.it the number of Maruca larvae/flower/pod were 

direct proportional to the percentage number of pods 

with dam.1ge, showing that as _ the number of larvae 

increased, the number of pods damaged also increased 

(Appendeces 12 and 13). 

Table 3.9 shows the mean weight in grams per plant 

of damaged cowpea grains during the long rains 1988, 

when cultivars TVU 946 and ICV2 were planted in pure 

stands and when they were interplanted with maize . The 

mean wei gh t of damaged grains vas significantly (p = 

0.05) lo~cr when TVU 946 (resistant) was intercropped 

with maize than in all other treatments which were 

statistically similar (Table 3.8 and Appendix 14). 

The pr eliminary data collected during the three 

cropping seasons (short rains 1987, long and short 

rains 1988) on flowerbud thrlps (H. sjostedtf) are shown 

in figures 3.6, 3.7 and 3.8. The data obtained 

during the short rains 1987 as shown in figure 3 . 6 

a,b,and c indicated that thrips population increased 

from the 4th week after cowpea emergence (1st day of 

sampling) and reached the peak during the 12th day of 
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Mean weight of seeds/plant when cowpea 

cultivars were in pure stands and when 

intercropped with maize (long rains 1988). 

-----------------------------------------------------------
Cropping system weight in gms. pooled means 

------------------------------------------------------------
TVU 946 C/M 0.37 + 0.07b 

0.44 .!:. 0.09a 

TVU 946 pure 0.51 + 0.6la 

ICV2 C/M 0.48 + 0.04ab 

0.51 -±. 0.04b 

ICV2 pure 0.53 + O.lla 

------------------------------------------------------------
CV = 23.33 

Means within a column followed by the same letter are not 

significantly different at P = 0.05 (Student Newman Kuels 

Test).Means transformed using Sq. Root x + 1. 
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sampling (6th week after cowpea emergence) which also 

coincided with the peak flowering period (Figure 3.6 a, 

band c) . The population then dropped after the sixth 

week (12th day of sampling ) being the period that the 

pods started forming . It is evident that the thrip 

population increase was extremly slow when the 

resistant cultivar TVU 946 was planted together with 

maize. A similar trend was observed on the susceptible 

cultivar ICV2 when it was also interplanted with maize 

though the incidence was much higher compared to that 

of TVU 946 (Figures 3.6 a, band c ). From the figures 

it can be seen that the population buildup on both 

cultivars was lower when they were interplanted with 

maize t han when they were in monocrop (Appendix 15) . 

During the entire cropping season, intercroppe~ 

resistant-cowpea cultivar TVU - ~46 had significantly (p 

= 0.05) lower number of flowerbud thrips per plant 

(5.33 ± 0.11) than all other treatments which were 

statistically similar (Table 3.9). This indicated that 

intercropping reduced the number of thrips (Appe ndix 

16). 

Data obtained during the long rains season of 1988 

as shown in figures 3.7 a, b, c and d indicated that 

thrips population increased from the first day of 

sampling (4th week after covpea emergence) and reached 

the peak during the sixth week (12th sampling day) 

after crop emergence. This same trend of the 
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Table 3.9. Mean number of flowerbud thrips/plant when cowpea 
cult ivars were in pure stand and when 
intercropped with maize (short rains 1987) 

...... ________ , 
Cropping system No. of thrips pooled means. 

TVU 946 c/m 5.33 ±. O.lla 
5.62 ±. 0.2la 

TVU 946 pure 5 . 92 ±. 0 . 22a 

ICV2 C/M 6. 31 .± .. 0. l 3a 
6.38±. 0.05b 

ICV2 pure 6.45 + 0 , 14a 

CV =9.64 
Treatment means within the column followed by the same letter are 
not significantly different at p = 0.05 (SNK test). 
Data transformed using sq. root (X + 1) . 
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population buildup was observed during the short rains 

1987. The population thereafter dropped at the time 

when the pods had started forming. It was evident that 

the thrip population buildup was extremely low when TVU 

946 was intercropped with maize. The trend was somehow 

similar whe n ICV2 was also intercropped t hough the 

incidence was higher. When both TVU 946 a nd ICV2 were 

compared (Fig. 3.7a), the early flowering variety TVU 

946 had a n initial higher incidence of thrips which 

decreased after the 8th sampling day while that of ICV2 

increased up to the peak podding period (Appendix 17). 

The mean numbers of flowerbud thrips per plant 

recorded over the entire cropping season when cowpea 

cultivars were in pure stands and when they were 

intercropped with maize are shown in table 3.10. 

Intercropped stands of both -resistant and susceptible 

cultivars supported comparatively lower numbers of 

thrips per plant (2.91 ± 0.37 and 2.95 ± 0.45 

respectively) than the corresponding treatments during 

the entire cropping season. The differences were not 

statistically significant (p = 0.05). These results 

indicated that although the differences were not 

significant (p = 0.05), intercropping reduced the 

number of thrips per plant. Also the interaction 

between cropping system and varieties was not 

significant (p = 0.05) (Appendix 18). 

Data on the incidence and the mean number of 
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Table 3.10 . Mean nu~ber of flowerbud thrips/plant when 

cowpea cultivars were in pure stands and when 

interc~opped with rnaize(long rains 1988). 

------------------------------------------------------------
Cropping system mean numbers poole means 

TVU 946 C/M 2.91 + 0.37a 

2.95 + 0.06a 

TVU 946 pure 2.99 + 0.6la 

rev 2 pure 2.96 + 1.02a 

2.96 + O.Ola 

rev 2 C/M 2.95 + 0. 45a 

------------------------------------------------------------- -

CV = 22. 81 -

Means within the column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Kuels 

test).Data transformed using Sq. Root x + 1 . 



77 

thrips during the short rains of 1988 are shown in 

figures 3.8a, b, c and d, and appendeces 19 and 20. 

Unlike i~ the previous seasons (short rains 1987 and 

long rains 1988) , the population buildup started from 

the fourth week (1st day of sampling )after cowpea 

emergence and reached the peak during the seco nd week 

of sampling (8th sampling interval) while during the 

previous seasons the population peaked during the 12th 

day of sampling . This indicated that the peak 

flowering period was during the fifth week after cowpea 

emergence. The population thereafter decreased up to 

the period the pods started forming. Like in the long 

rains (1988), the thrip population buildup was 

extremely low when TVU 946 was intercropped with maize 

as compared to other treatments (Fig.3.8 a a nd c ). 

Similarly the population buildup on ICV2 when 

interplanted with maize was also slightly lower than 

when it was in pure stand s (Fig. 3.8d and Appendix 20). 

The mean numbers of thrips per plant obtained 

during the entire season are shown in table 3.11. 

Intercropped stands of the TVU 946 supported 

signifi cantly (p = 0.05) lower numbers of thrlps per 

plant(0.89 ± 0.10) than all other treatments which did 

not differ significantly (p = 0.05) although ICV2 when 

planted together with maize had comparatively fewer 

number of thrips per p l ant (1.26 ± 0.10) than under 

monocrop (1.35 ± 0.15 thrips/plant) (Table 3.11). 
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Mean number of flowerbud thrips/plant when 

cowpea cultivars were in pure sta nds and when 

intercropped with maize (short rains 1988). 

Cropping ~ystem mean numbers pooled means 

TVU 9 46 p Jr e 

TVU 946 c /m 

ICV2 pure 

ICV2 c/m 

CV= 15.4 fl 

1. 35 

0.89 

1. 35 

1. 26 

+ 0.09a 

1.12 

±. O.lOb 

+ 0.15a 

1.30 

+ O.lOa 

Means subJected to Sq. Root x + 1 transformation. 

+ 0.23 

+ 0.05 

Means wit hin the column foilowed by the same letter are not 

significantly different at p = 0.05 {Student Newmans Keuls 

test) . 
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3 • 4 DISa.JSSIOH 

Data obtained from the present studies showed that 

there were differences between cropping systems and 

cultivars regarding Han.lea larvae population in all the 

three consecutive cropping seasons during which the 

investigations were conducted. The data indicated that 

intercroppi.ng and resistance particularly of cultivar 

TVU 946 definately reduced the population build up and 

the subsquent number of Haruca larvae/plant and hence 

minimized the damage to flowers and pods. This agrees 

with Karel at. aL (1980) findings that damage to 

cowpea by Ha.nica larvae was more than double on pure 

stands than when cowpea was intrcropped with other 

crops like maize and sorghum. 

In all the cropping seasons, it is evident that 

Haruca larvae were recorded from the fourth week after 

planting (28th day after germination) viz: from· the 

first day of sampling. 

initiation flowerbuds 

sites for ovipositing 

Taylor (1978). 

This period coincided with 

which are the prefered stage and 

Hsruca adults as reported by 

It \s also evident that during the first two 

seasons, the population build up trend was similar to 

that on the first week of sampling in all the varieties 

and cropping systems. It is evident that the arrival 

of the ovipositing adults was not in any way affected 

by the cropping system or resistance but the subsquent 
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~ubsquent larval population migrating to flowers and 

pods were affected. 

The results also revealed that there were 

differences in larval incidence and mean numbers 

between seasons in that, the incidence of Maruca larvae 

during the long rains was higher than during the short 

rains on both cowpea varieties . This same phenomenon 

vas reported by Okeyo Owour and Agwaro {1982) who when 

using pheromone traps in their studies reported that 

more female adults were trapped during the long rains 

than i n the short rains. This may also be explained by 

the availability of extra moisture that prolongs pod 

maturation, and unsynchronized production of more 

flowers. 

Although cowpea cultivar TVU 946 is known to be 

highly resistant to H. testulalls, the c ombined data 

from the three cropping seasons reported here doe s not 

show clearly whether or not that resistance contributed 

to the reduction of larvae numbers . This was due to 

the fact that there were no signif icant (p = 0.05) . 
d ifferences when cultivar TVU 946 was compared with the 

susceptible cultivar ICV2 when both were in pure stands 

and of course there was lack of genotype/environmental 

interaction over the three seasons . It can therefore be 

concluded that intercropping rather than resistance 

caused a sign i ficant reduction on the number of larvae. 

This is s upported by the fact that t he susceptible 
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cultivar ICV2 realised a higher population buildup and 

subsquent higher Maruca numbers in pur e stands than 

unde r intercropplng . Further more, the lack of 

signi fican t (p = 0 . 05 ) differe nces in t he numbers o f 

larvae when bo th varieties were taken c ollectively 

indicated t hat t he resistance fa c tor did not express 

itself strongly. 

During the cropping seasons, there was a reduction 

in the number of pods/plant in all t he lntercropped 

pl ots. The reduction cou l d have bee n associated vlth 

reduced sunlight reachi ng cowpea due to shading by 

maize,resulting in sheddi ng of flowers which later 

caused a redu~tion in the number of larvae/plant and 

s ubsquent increase in the percentage number of pods 

with larval damage symptoms (entry/exit holes). This 

observation - ~eemed to indicate t~at, due to the hlgh ·: 

reduction of pods per plant, there were fewer pods that 

were available to the larvae ln all the intercropped 

plots, hence the reduction in the number of pods vlth 

larval damage. However, lack of significant (p = 0 . 05) 

differences between treatments and also a significant 

i nteraction between c ropping system_and varie t ies was a 

clear indication that resistance of TVU 946 could have 

been modified by inter~ropping and environment . 

Data for the short rains 1987 and long rains 1988 

further revealed that the number of Maruca larvae per 

flower or pod were di r ectly proportional to the number 
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of pods damaged by the larvae as would be expected . 

This showed that as the number of Maruca larvae 

increased, the number of pods and seeds with damage 

symptoms also increased. 

rt was anticipated that since M. sjostedti 

was an important cowpea pest, its colonisation and 

establishment would be different in different 

cropping patterns. The data revealed that 

intercropping both varieties of cowpea with maize 

greatly reduced their numbers/plant in all the 

cropping seasons . This was due to the fact that 

the population build up was extremly slow when 

both cowpea varieties were -planted together with 

maize, although it was less on cultivar TVU 946. 

However the initial population was similar in .all 
.... · ·-

the-~ropping systems and varieties during the 

first week of sampling (5th week after emergence) 

with the differences in population buildup 

becoming pronounced later in the season. This 

suggested that as in the case of Maruca, 

intercroppng did not interfere with the initial 

colonis~tion proccesses, and that the differences 

observed between the cropping systems were due to 

other factors that were operating within the 

system. Similarly, lack of signif icant 

differences between varieties suggested that 

resistance of TVU 946 to flowerbud thrips was 
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probably interfered with by interc roppi ng. 

Decrease on the number of flowerb ud thrips in all 

the i ntercropped pl ots may have been influenced by 

t he fact t hat the numbers of the fl owe r s in an 

intercrop were greatly red uced. Th i s may agree 

with Taylors (1971) Observations tha t increase in 

thrip population was i nfluenced by abundance of 

the flowers on the crop. The decrease in flower 

abundance may have been caused by under production 

of flowers due to s hading by maize. 

In all the cases, resistant cowpea cultivar 

TVU 946 had an initial higher incidence of thr i ps 

which decreased thereafte~. This was probably due 

to the be ha v iour of this variety of producing 

flowers earlier than cultivar ICV2. Data on 
--

thrips al~ o revealed that the ~bundarice of this 

pest was more during the short rains than during 

the long rains season when rains were heavier with 

a good vegetative growth at the expence of 

reproductive growth. It therefore can be concluded 

that in all the cases, intercropping rather than 

resistance or susceptibility was the main factor that 

contributed to the reduction in incindence and damage 

caused by Maruca and flowerbud thrips . 
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CHAPTER 4 

THE EFFECT OF INTERCROPPING ON RELATIVE RESISTANCE 

AND SUSCEPTIBILITY OF COWPEA CULTIVARS TO H. 

TESTULALIS UNDER MONO AND WHEN INTERCROPPED WITH 

MAIZE. 

4 . 1 Introduction 

The magnitude and expression of resistance or 

susceptibility of plants to i nsects are influenced by 

environmental factors which include climate, edaphic 

and cultural factors of the crop e nvironment (Singh, 

1980). Simmonds (1984) stated t hat resistance can be 

adequate in some instances but inadequate else where 

and vice-versa. The use-of resistant cowpea-,cultivars 

as opposed to susceptible ones has successfully been 

used in pest control (Painter, 1951; Jackai a nd Singh, 

1983) . But most of the cowpea cultivars taken to be 

relatively resistant or susceptible are selected for 

monocropping (Osiru, 1980). However it has been 

indicated that t he expression of resistance in plants 

though genetic, may be modified by other factors such 

as insect responses and some environmental factors 

whic h determine the phe notype (Saxena, 1985). An 

important implicati on of this is that a screeni ng 

program should be set up to determine whether or not 
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resistant cowpea c ultivars to various pests are likely 

to maintain these qualities when grown in association 

with other crops. 

Therefore, it was considered necessary to 

determine the role of intercropping on the resistance 

and susceptibility of the above two cultivars to the 

infestation by M. test u1alis. 

4 • 2 Materials and Methods 

As a result of the previous work by Singh and 

Jackai(l983) which showed t he existence of cowpea 

resistance to M. testulalis, the two cowpea cultivars 

TVU 946 (resistant) and ICV2 (susceptible) were planted 

in monocultur~ and intercropped with maize both in the 

field and in a "screen cage. The pUfnting in the field ·· 

was done as described in sec tion 2 . 2 . For the 

screen cage experiment, cowpea cultivars were planted 

in plots measuring 4 m x4 m i n both pure and 

intercropped stands which were laid down in a complete 

randomised block design with 4 replicates. Spacing of 

cowpea was 50 cm betwee n rows and 10 cm within rows 

while that of maize in intercropped stands was 50 cm 

between rows a nd 20 cm within rows . All plots covering 

an area of 32m x 8 m were covered by a net mesh of 1.5 

mm diameter to prevent any natural infestation. 

Three weeks after germination, 50 pair~ of nevly 
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hatched Ma r uca adults were taken from the laboratory 

reared l arvae. These moths were then released at 

various points within the screen cage and allowed to 

mate freely and oviposit on the cowpea cultivars of 

their choice. To study the effect of intercropping on 

resistance and susceptibility of cowpea cultivars, a 

technique developed by Jackai(l982) and later used by 

Dabrowisk et. a l. (1983) was applied. 

4 .2 1 Open field experiment ; The assessme nt was 

carried out by taking larval counts from the cowpea 

crop when in pure stands and when intercropped with 

maize . As in section 3 • 2, sampling started from the 

4th week after plating at the time when c owpea had 

started flowering. Sampling was done for 4 to 5 weeks 

depending on the season (long rains have a l onger 

period of flowering). Larvae- were counted from the 

samples of terminal shoots, f lowerbuds, flowers and 

pods depending on the stage of the crop. Samples were 

taken from a si ngle row of a sampling cell at each 

sampling date. These samples were taken to t he 

laboratory and were d issected and counts of Haruca 

larvae taken and recorded. Assessment of damage 

symptoms to pod and seeds was done as in section 3. 2. 

To determine the effect of intercropping on the 

phenological charac ter s of cowpea , and hence 

determining whether these c haracters affect resistance 

or susceptibility, measurements of variuos plant 
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characters were taken. These measurements were taken 

at fourty days of crop emergence in both pure and 

intercropped stands. These included (i) plant height 

(ii) number of branches/plant (iii) pod length (iv) 

peduncle length and (v) number of leaves/plant). The 

measurements were taken from 10 cowpea plants uprooted 

randomly from pure and intercropped cowpea plots. The 

samples were then taken to the laboratory where the 

measurements were recorded. 

4 .2 .2. Screen cage experiment; Measurements of 

damage on different parts of cowpea plants, started 10 

days ~fter the release of moths (31 days after 

planting) and were carried out in the following manner; 

- a) Stem: From a bat~h of 20 randomly s~1~cted 

cowpea plants in a row, assessment of resistance was 

done by carefully examining the terminal shoots, axes, 

main stems and branches for any larval entry exit holes 

(injury) or the extruded frass. The total number of 

damaged plants/row was determined. The damage was 

expressed in percentages as _follows; 

number of damaged plants 

\ damage to stem = ------------------------- x 100 

Total no. of plants in a row 
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(b) Flowerbuds and flowers: Damage was assessed 

by taking random samples of flowerbuds and flowers at 

four days interval from a single row/plot. The samples 

were dissected in the laboratory to count the number of 

flowers with larvae. The damage was then computed in 

this form; 

i) Larval counts. 

ii) Percentage damaged flowerbuds and flowers as; 

No. of flowerbuds or flowers with larval damage 

-- - - - ------------ - -------------------------- x 100 

Total number of sampled f lowerbus and flowers 

(c) Pods; Data on pod injury were taken at crop 

maturity from a pre - determined har~esting plants. Each 

plant was examined for the number of pods 

darnaged(entry/exit holes) and the damage was expressed 

as: 

No.of pods with damage 

% damaged pods= ----- -------- ---------- 

Total No. of sampled pods 

x 100 

Pods f rom which damage was assessed were then sun 

dried and threshed. The seeds obtained were used to 

assess the total number of damaged seeds and the total 

seeds produced. 
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4 . 3 RESULTS 

4 . 3. 1. Open Field Experiment 

Data on relative differences in infestation by 

Maruca lar vae on resistant and susceptible cowpea 

cultivars when in pure stands and when intercropped 

with maize during the short rains of 1987 are shown in 

figures 4 .1 a, b and c, and table 4.1. Figure 4.la 

shows that the buildup and establishment of Maruca 

larvae population was higher when TVU 946 was in pure 

stands than when it was intercropped with maize 

throughout the sampling period. Simi larly when the 

popu lation buildup on the intercropped resistant 

cultivar TVU 946 was compared to that on ICV2 also 

intercropped, the former had a lower population build 

up than ICV2 (susceptible)(Figure 4.lb). When the 

population bui l d up and establishment on the s11sceptible 

cultivar (ICV2) was compared, the results indicated 

that larval establis hment on the pure stands was well 

pronounced during the 1st week of sampling (4th week 

after c owpea germination). There after the population 

declined during the 12th sampl ing interval (6th week 

after cowpea germination) peaking again during t he 

seventh week after germination (20th sampling interval) 

(Fig 4.1c) . The appearance of larvae on ICV2 when it 

was intercropped with maize was after the first week of 

sampling and the population buildup peaked during the 
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6th week and thereafter declined up to the end of the 

season with only a small peak during the seventh ~eek 

after germination (20th day sampling interval) 

(Fig.4.lc). Tab:e 4.1 also indicated that there were 

significant (p = 0.05) differences bet~een the cropping 

systems a nd but between the varieties . Similarly, the 

number of larvae recorded differed significantly (p = 

0 . 05) with sampling time, with the majority of the 

larvae recorded at the 12th sampling period(sixth week 

after crop emergence) (Appendix 2la). 

The buildup of Maruca larvae population on 

resistant and susceptible cowpea cultivars when planted 

as monocrop and when it was intercropped with maize 

during the long rains of 1988 is shown in figures 

4.2a, b, c, d and appendix 2lb. Figure 4.2a sho~s 

that there were no differences in the establishment of 

the larvae on both resistant and susceptible cultlva~ 

during the first week of sampling (5th week after 

germi nation). Thereafter the susceptible cultivar ICV2 

maintained a higher larval population than that of the 

resistant cultivar TVU 946. For both treatments, the 

larval population peaked during the third week of 

sampling and thereafter declined up to the harvesting 

time. When TVU 946 was compared with ICV2 under 

intercropping with maize, the population buildup on the 

resistant cultivar TVU 946 vas lower than that on the 

susceptible cultivar ICV2. Similarly, the larval 
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Table 4.1. Mean number of Maruca larvae/plant recorded from the fourth week after germination 
when cowpea cultivars were in pure stands and when intercropped with maize (short 
rains (1987). 

Cropping 
system 

TVU 946 
pure 

TVU 946 
c/m 

ICV2 
pure 

mean 
+ 

1 4 

0.91 0.91 

0.71 0.71 

1. 22 1. 35 

0.94 0.97q 
O.llb + 0.14b 

No.of Maruca larvae / plant 

Days interval 
8 12 16 20 24 mean 

0.71 2.19 0.91 1. 08 1.47 1.1 7 + 0. 9 lab 

0.71 1. 58 1. 08 0.71 0.91 0.91 + 0.12b 

1. 22 1. 08 1. 78 1. 96 1.47 1.44 + 0 .12a 

1. 03 1. 61 1. 25 1. 44 1.36 
+ 0 . 19ab + 0.23a + 0.19ab .± 0.32 + 0.15ab 

Means within the column or row followed by the same letter are not significantly different 
at P = 0.05 (SNK test). 
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pop ulation buildup on ICV2 while monocropped was higher 

than in all .other treatments. The overall trend see n 

in fig ures 4 . 2~, b, c and d i ndicated t hat t here were 

no difference s in the larval estab l ishment dur! ng the 

first week of sampling but the differences in the bu i ld 

up rate became evident during the second week of 

sampling and reached the peak d uring the t h ird week 

(20th day sampling interval) to decline thereaft e r up 

to harvesting time. However it can clearly be s ee n 

from the figures( 4 . 2a, b, c and d) that the 

differe nces in population build up and establishment 

were not very well defined between the two cultivars, 

although the populatio n buildup on the resistant 

cultivar was in most cases lower than that of the 

susceptible one. This may have suggested that the high 

degree of resistance by TVU 946 was unfavourably 

modif i ed by intercropping. Table 4.2. also showed 

dif fe =ences betwe en intercr opped stands of both cowpea 

cultivars with no significant (p = 0.05) differe nc es 

between the pure stands of both cultivars (Appendix 

2lc). 

During the succeding season (short rains 1988), 

the pattern of the larval establishment and buildup was 

diffe=ent from those of previous seasons (Fig. 4.3a, 

b, c, d and Table 4.3). From figure 4.3a4 it can be 

seen :hat the population levels remained low a nd there 

wer e ~ o remarkable differences when the resistant 



Figure 4. 2 . Relative incidence of Haruca larvae on 

resis~ant and susceptible cowpea 

cultivars when in pure stands and when 

intercropped with maize(lon9 rains 

1988). 
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Figure 4. 3. 
Relative abundance of Haruca larvae on 

resista.nt and susceptible cowpea 
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Table 4.2 Mean number of Maruca larvae/plant recorded from the fourth week after germination 
when cowpea cultlvars were in pure stands and when intercropped with maize {long 
rains 1988). 

Cropping 
system 

TVU 946 
pure 

TVU 946 
c/m 

ICV2 
pure 

ICV2 
c/m 

1 

0.71 

0.71 

0.71 

0.71 

4 8 

0.71 0.87 

0.71 0.87 

0.71 1 . 0 

0.71 2.55 

No. of Maruca larvae/plant 

Days interval 
12 16 20 24 • 28 mean 

1.58 3.71 4.56 4.44 1.5 2.26±. 0.59bc 

1. 58 3.64 3.57 3.08 0.71 1.86±. 0.48c 

1. 94 3.64 4.33 4.53 2.50 2. 40±. 0. 56ab 

2.50 4. 24 5.15 3.94 2.29 2.76 ±. 0.57a 
--------------- ----------------------- ----------- ---- ------------------------------------------
Mean 0.71_ . ..±.0 0.71±.0 1.32 1. 9 ±. 3.81.±. 4.33.±. 3.99±. 1 . 75±. 

.±. 0.4lbc 0.22b 0.15a 0.32a 0.33a 0.41a 
-------- --- ----- ---- -------------------------------------- --- -------------------------------- --
Means within the column and row followed by the same letter are not slgniflcantly 
d i fferent at P = 0.05 {SNK test). 
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cultivar (TVU 946) was as a monocrop and when it was 

interplanted with maize. The population during this 

season declined from the first day of sampling up to 

the end of the season. This same trend can be observed 

from other combinations as shown in figure 4.3b, c and 

d. However the level of the population buildup was 

slightly higher on ICV2 when intercropped than on TVU 

946 also as an intercrop (Fig . 4.3c). Table 4.3. also 

showed that there were no significant (p = 0 .05) 

differences between the number of larvae recorded 

amongst the cropping systems and the number of larvae 

per sampling interval (Appendix 21c). The trend showed 

that during this season, th~ first larval population 

after hatching from the eggs remained constant, but 

declined up to harvesting. This also indicated that 

there - was no second oviposition by Maruca adult's. 

Data from experiments on the determination on 

whether intercropping affect the phenology of the crop 

and hence resistance or susceptibilty are shown in 

tables 4.4, 4.5, 4.6, 4.7 and 4.8 • Table 4.4 and 

Appendix 22 show that there were significant (p = 0.05) 

differences between the height of resistant and 

susceptible varieties. This table also shows that there 

were no significant (p = 0.05) differences when TVU 946 

was as a monocrop and when it was interplanted with 

maize. But when the susceptible cultivar (ICV2) was 

interplanted with maize, the plants were significantly 
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Table 4.3 Mean number of Maruca larvae/plant recorded from the fourth week after 
germination when cowpea was in pure stands and when intercropped with 
maize (short rains 1988). 

-----------------------------------------------------------------------------------------
Cropping No . of Maruca larvae 
system ---------- -----------------------------------------------------------------------

TVU 946 
pure 

TVU 946 
c/m 

ICV2 
pure 

ICV2 
c/rn 

Mean 

1 

1. 1 7 

0.71 

1.17 

0 . 88 

0.98 i O.lla 

Days interval 
4 

0.71 

0 . 88 

0.88 

1.18 

0.91 ± 0.09a 

8 12 mean 

0.71 ,. 0.71 0.83±. 0 . 12a 

0. 71 0.71 0.75 ±. 0 . 04a 

0.88 0.71 0.91±. 0.09a 

0.71 0.71 0.87±. O.lla 

0.75 ± 0.04a 0 . 71 ± Oa 
-------- - --------- - ------------------- --------- ~ ------ ~----- - ----------------------------
Means within the column or row followed by the same le£t~r are not significantly different 
at P = 0.05 (SNK test). 
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Mean plant height at 40 days after emergence of 

cowpea cultivars when planted in pure stands 

and when intercropped with maize (short rains 

1988). 

Cropping system mean height pooled means 

TVU 946 pure 20.58 + 1.97c 

19.32 ± 1.26a 

TVU 946 C/M 18.07 ± 0 . 88c 

ICV2 pure 39.94 + 3.48b 

43.34 + 3.62b 

ICV2 C/M 47.15 + 2.80a 

CV = 15 .-38. 

Means wi thin the column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Kuels 

test). 
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(P = 0 . 05) taller than when they were in pure stands 

(Appendix 22). However, the number of branches per 

plant were significantly (p = 0.05) more when both TVU 

946 and ICV2 were in pure stands than when they were 

under maize (10.53 ± 0.82 and 9.17 ± 1 . 35 

branches/plant) (Table 4.5). Their corresponding pure 

stands also had significantly (p = 0.05) less number of 

branches per plant (7.27 ± 0.89 and 5.67 ± 0.32) (Table 

4.5 and Appendix 23) . Similarly the results also 

s howed that when the resistant variety TVU 946 was 

planted in pure stands, the length of the pods/plant 

was significantly (p = 0.05) less (8.52 ± 1.19 cm/pod) 

than when it was under maize (12.43 ± 2.64 cm/podi 

(Table 4.6 and appendix 24). Similarly there were 

significant (p = 0.05) differences in pod length when 

ICV2 (~usceptible) was as ~ monocrop and when tt was 

under maize (Table 4.6). However when TVU 946 was 

interplanted with maize, the peduncle length was 

significantly (p = 0.05) greater than in all other 

treatments (Table 4.7 and app~ndix 25). When the 

susceptible cultivar ICV2 was as a monocrop, it had 

significantly (p = 0.05) more number of leaves per 

plant (32.73 ± 3.87) than in all other treatments which 

did not differ statistically (Appendix 26) although 

intercropped stands of both varieties had slightly less 

number of leaves per piant than their corresponding 

pure stands (Table 4.8). However there was a 
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Tabl e 4 . 5. Mea n n u mber of branches/plan t at 40 days after 

emergence of cowpea cultivars planted in pure 

stands and when intercropped with maize (short 

rains 1988). 

Cropping system mean n umbers pooled means 

-- - --- -~--- - ----------------- -- -- - - ------------- -- ----------

TVU 946 C/M 7.27 ± 0.89b 

8.9 ± 1.63 

TVU 946 pur e 10.5 3 + 0 . 82a 

ICV2 pu r e 9.17 ± 1.35a 

7.47 ± -1. 75 

ICV2 C/M 5.67 + 0.32c 

------------------------------ ------------------------------. . . . ~ . . 

CV = 18.93. 

Means wi t hin t he column followed by the same letter are no t 

significantly different at p = 0.05 (Stude n t Newman Kuels 

test). 
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Mean pod length/plant at 40 days after 

emergence of cowpea cultivars when planted 

in pure stands and when intercropped 

with maize (short rains 1988). 

Cropping system mean length pooled means 

TVU 946 C/M 12 . 43 + 2.64a 

10.48 + 1. 96 

TVU946 pure 8 . 52 ± 1.19b 

ICV2 pure 12 . 48 + l.12a 

11.49 ± 0.99 

ICV2 C/M 10.50 ± 0.93ab 

CV = 24 . -73 

Means within the column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Keuls 

test). 
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Mean peduncle length/plant at 40 days after 

emergence of cowpea cultivars when planted in 

pure stand s and when intercropped with 

maize (short rains 1988). 

Cropping system mean length poo l ed mea n s 

TVU 946 pure 25.5 0 ± 2 . 65b 

30.44 + 4.95 

TVU 946 C/M 35.37 ± 2. 47a 

ICV2 pur e 24 . 50 ± 2.75b 

26.32 ± 1. 82 

ICV2 C/M 28.13 + l. lOb 

CV = 12. l-6 

Means within the column followed by the same le t ter are not 

significantly differrent at p = 0.05 (Stude nts Newman Kuels 

test) . 
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Mean number of leaves/plant at 40 days after 

emergence of cowpea cultivars when planted in 

pure stands and when intercropped with 

maize (short rains 1988). 

Cropping system mean numbers pooled means 

TVU 946 pure 24.5 + 3.42b 

23.5 + 1.00 

TVU 946 C/M 22.5 ± 7.38b 

ICV2 pure 32.73 ± 3.87a 

25.45 ± 7.30 

ICV2 C/M 18.17 ± 0.58b 

CV = 2'1. 73 ( _. -

Means within the col umn followed by the same letter are not 

significantly different at p=0.05 (student Newman kuels 

test) 
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significant (p = 0.05) interaction between varieties 

and cropping systems (Appendix 26}. 

4 . 3. 2 Screen Cage Experiment. 

Data on the measurement of damage by Maruca 

larvae on different parts of the cowpea plant when in 

pure stands and when intercropped with maize are shown 

in tables 4.9, 4.10 and 4.11, and appendeces 27, 28 and 

29. 

4. 3. 2. 1. Stem Damage. 

The results indicated that the susceptible 

cultivar ICV2 when in monocrop had significantly (p = 

0.05) more number of p lants per row (5 . 78 + 0.48) _with 

larval damage than in all other treatments which did 

not differ significantly (p = 0 .05) (Table 4.9 ). But 

from the pooled means it could be seen that the 

differences between varieti es were significantly 

differ~nt (p = 0.05) (Table 4.9 and Appendix 27). 

However interplanted resistant cultivar (TVU 946) had 

the lowest number (3.93 ± 0.63) of plants wi th Maruca 

larvae damage than i n all other treatments although the 

differences were not significant (p = 0.05) (Table 

4.9). When the percentage number of plants with damage 

was calculated, it was found that the resistant 

cultivar TVU 946 when under maize had the lowest 

percentage (9.63\) number of damaged plants than all 

other treatments. When the same variety was planted in 
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Table 4.9. Mean number of cowpea plant/row with Maruca 

damage when cowpea cultivars were planted in 

pure stands and when intercropped with 

maize (screen cage). 

Cropping system mean numbers pooled means 

TVU 946 pure 4.59 ± 0.32b 

4 . 26 ± 0.33 

TVU 946 C/M 3.93 ± 0.63b 

ICV2 pure 5.78 ± 0.48a 

5.32 + 0.46 

ICV2 C/M 4.86 ± 1.28b 

CV = 23 ~ 23. 

Means within the column followed by the same letter are not 

significant l y different at p = 0.05 (Student Newman Kuels 

tes t ) . 
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pure stands, the damage was 22.95\. Similarly pure 

stands of the susceptible cowpea cultlvar ICV2 suffered 

more damage (28.9\) than when it was under maize 

(24.3\). The results indicated that the susceptible 

cultivar ICV2 when planted as a monocrop suffered the 

greatest damage to stems than all other treatments 

(Appendix 27) . 

4. 3. 2. 2. Damage to flowerbuds and flowers. 

The results indicated that there were significant 

(p = 0.05) differences in number of larvae between . 

treatments (Table 4.10). Pure stands of the susceptible 

cowpea cultivar ICV2 signi~icantly (p=0.05) had the 

highest number of larvae per row (1.27 ± 0.21)than in 

all other treatments. The flowers a nd flowerbuds in the 

intercropped stands of both cultivars had the -lowest 

number of larvae per row although the differences were 

not signif i cant(p = 0.05) (Table 4.10). The pooled 

means indicated that the resistant cultivar TVU 946 had 

a slightly lower number of larvae per row (0.86 ± 0.14) 

than on ICV2 (susceptible) (0.99 ± 0.28 larvae per 

row). When the damage to flowerbuds and flowers was 

computed to percentages, the results indicated that 

intercropped stands of TVU 946 and ICV2 had 10\ of 

damaged flowerbuds and flowers with larvae while pure 

stands of both varietl~s had 15 and 20\ damaged flowers 

and flowerbuds respectively . 
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Mean number of Maruca larvae/row when cowpea 

cultivars were in pure stands and when 

intercropped with maize (screen house). 

Croppi ng system mean numbers pooled means 

TVU 946 pure 

TVU 946 c / m 

ICV2 pure 

ICV2 c/m 

CV= 42.41 

1.0 ± 

0.71 

1.27 

0.71 

0.29ab 

0.86 

+ O.Ob 

+ 0 . 21a 

0.99 

+ 0.15ab 

Means - subjected to Sq. Root x + 0.5 transformation. 

± 0.14 

± 0.28 

Means within the column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Keul s 

test). 
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4. 3. 2. 3. Damage to pods. 

Data on pod injury due to Maruca larvae obtained 

during harvesting indicated that the percentage number 

of pods with Maruca damage symptoms (exit/entry holes) 

was significantly (p = 0.05) lower when resistant 

cowpea cultivar TVU 946 was interplanted with maize 

than in all other treatments whi c h were statistically 

similar (Table 4.11 and Appendix 29). The data further 

revealed that the differences between the cropping 

systems were also significant (p = 0.05) with 

monocropped TVU 946 having the highest percentage 

number of pods with damag_e symptoms (Table 4 .11) . 

Similarly when the total number of harvested damaged 

pods was expressed as a percentage of the total number 

of, all harvested p ods {damaged and undamaged), the data 

revealed that TVU 946 whe n planted together with maize 

had the lowest level of damage (20.66~) compared to 

other treatments (TVU 946 pure stand with 45.86\, ICV2 

pure stand with 42.42\ and ICV2 intercropped which had 

33 . 14\) although when ICV2 was under maize the 

percentage damage to pods was slightly less than when 

it was in pure stands. 
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Table 4.11 · Mean number of pods/plant with Haruca damage 

;8~ptoms at harvest (expressed as a % of total no. 

of pods/plant) when cowpea cultivar s were in pure 

stands and when inter cropped with ·maize (screen 

house). 

Cropping system 

TVU 946 pure 

TVU 946 c/m 

ICV2 pure 

I CV2 . c/m 

CV= 34 . 77 

mean numbers 

6. 81 :l: _ 0 . 1 la 

3. 59 :!: 1. 66b 

6.11 ± 1.37a 

5.18 ~ 1.50a 

pooled means 

5.20 ±1.61 

5.65 ±: 0. 46 

Means subjected to Square root x + 0.5 transformation. 
Means within the column followed by the same letter are not 
significantly different at p = 0.05 (Student Newmana Keuls 
test). 
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4 .4 DISCUSSION 

Data on the H. testulalis population 

establishment and buildup on the resistan t and 

susceptible cowpea cultivars in the field revealed that 

larval establishment was delayed until the fifth week 

after germination (35th day after emergence). The 

buildup was slower on the resistant cultivar TVU 946 

vhen it was under maize although the differences were 

not pronounced. Similarly the same variety being an 

early maturing one had the lowest larval population 

unlike ICV2 which had a higher population due to its 

habit of producing more flower buds later in the 

season. 

Th~ observation that the population buildup 

pattern was the same during the first week of sampling, 

further revealed that the initial establlshement by the 

ovipositing Maruca ad ults was not interfered with 

either by the cropping pattern or the resistance 

ability of cultivar TVU 946. This was because TVU 946 

being an early maturing variety as stated earlier 

produced more flower buds than cultivar ICV2 during 

this first week. As the season progressed, ICV2 

produced more flowers and since it is a susceptible 

cultivar , it became more attractive to gravid females 

and as a result the population subsquently increased 

hence an overlap in the build up during the sixth week 

after emergence (12th sampling interval). Thereafter 
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the population buildup was faster on cultivar ICV2 whe n 

in pure stands and when intercropped than that o~ 

cultivar TVU 946 altho ugh the differences were not very 

well pronounced. 

The reasoning here that resistance ability of TVU 

946 was reduced when it was interplanted with maize is 

supported by the fact that, when in pure stands, the 

differences in the buildup of the population between 

the two cultivars were very elaborate than when they 

were compared as intercropped stands. During the 

second season of 1 988 the differences in infestation 

between the two cultivars when both were as monocrops 

and when under maize were minimal as the buildup of the 

larval population declined immediately after the 

initial infestation. This indicated that there were 

_some factors probabl~ environmental or biotic that 

checked the subsquent insect population buildup 

probably by preventing gravid females from ovipositing 

on the fl owers. 

According to Saxena (1985), resistance in plants 

though genetically controlled may be modified by other 

factors such as insect responce and envi ronmental 

factors which determine t he phenotype. On the bases of 

this arguement, the observation that the resistant 

cultivar TVU 946 had significantly (p = 0.05) longer 

pods and peduncles, and also fewer number of branches 

when it was under maize than when in pure stands 
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clearly indicated that the variety was affected 

phenologically by the environmental conditions that 

were created by maize, which was not the case for 

cultivar ICV2 which is well ada pted for intercropping 

as reported by Pathak and Olela (1986)~ 

It has been observed by Ezueh (1984) that pod wall 

penetibility is related to the toughness of the pod 

wall which provides a form of tolerance to attack. 

However , tough and more fibrous pod wall is a 

characteristic of semi wild cowpea cultivars such as 

TVU 946. It was therefore concluded that these 

qualities that are the bases of TVu 946 resistance were 

progresively lost as the cultivar continued to be under 

maize. It is proposed here that since resistance of 

cultivar TVU 946 is also due to its pod carrying habit 

_as reported by Jack~l (1981), intercropping rendered 

the cultivar to be more susceptible by causing the pods 

and the penduncles to lengthen thus making them weaker, 

hence curving towards the canopy, a factor that is 

favoured by ovipositing Maruca females. 

Although ovipositlng Maruca moths are not 

attracted to the plant until flowerbuds are large 

enough as reported by Wooley (1977), screen cage 

experiments revealed that stems of cultivar TVU 946 

were equally damaged by larvae as those of the 

susceptible cultivar ICV2. However the percentage 

damage on the stems of TVU 946 was drastically reduced 
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vhen the cultivar vas under maize. But the number of 

damaged stems in a row was the same as when it was in 

pure stands . In the case of cultivar ICV2 the 

differences among the cropping systems were clearly 

demonstrated, with the intercropped stands having the 

lowest number of damaged stems. 

Similarly the small differences seen between the 

damaged f lowerbuds and flowers in the intercropped 

stands and those of monocrops again indicated that 

intercropping progressively lowered the resitance 

ability of cultivar TVU 946. The results further 

revealed that the infestation on flowerbuds and flowers 

when the moths were confined in a s c reen cage was much 

higher than that on the terminal shoots in terms of 

percentage damage. 

The percentage __ pod damage was s lgni f icantly ( p =. 

0.05) lower on TVU 946 when it was under maize which 

may be attributed to its early maturing behaviour thus 

escaping serious damage although larval infestation was 

generally l ow. There is therefore no good reason to 

suggest that reduced pod infestation demonstrated any 

resistance. These observations supports earlier field 

results and conclusions that although cultivar TVU 946 

is said to be resistant to Maruca attack when planted 

as a monocrop, the ability to r esist a t tack when it is 

interplanted with other crops is very much modifi ed as 

it is not phenologically vell adapted like ICV2 which 
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has been reported to be moderately adapted for mixed 

cropping (Pathak and Olela 1986 ) . This agrees well 

with earlier hypothesis that resistance or 

susceptibility of cowpea to Maruca i s affected by 

intercropping. 

It is pressumed that t he microclimatic diffe r ences 

created by intercropping affect phenologically or iented 

traits . Trenbath (1976) had also observed that, micro 

environme ntal differences may act on the potentially 

attacked crop component thereby changing its 

susceptibility/ resistance or acting directly on the 

attacking organism. 

In conc l usion it may be said that both 

intercropping and the micr oenvironmen t s that it 

creates, reduces resistance by acting directly on the 

6rop thus rendering _it more susceptible. __ This 

underlines the importance of screening resistant lines 

f or their ability to perform well under different 

intercropping systems. 
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CHAPTER 5 

COLONISATION PROCESS OF H. testulalis ON RESISTANT 

AND SUSCEPTIBLE COWPEA CULTIVARS UNDER MONOCULTURE AND 

WHEN INTERCROPPED WITH MAIZE. 

5. 1 Introduction; 

Establishment of an insect to a particular host 

plant involves several responses which include 

{a)orientation {b)feedlng {c) metabolism of the 

ingested food (d ) oviposition (e) larval growth and 

development {Saxena, 1985). Plant charac ters 

lnfluecing these factors are either biophysical {eg. 

plant succulence, hairiness, presence of thorns and 

spines etc.) or biochemical (chemical -compounds of 

se condary metabolism exuded by the plant) in nature. 

The expression of these factors are infl uenced by the 

environment which in some cases modify the phenotypic 

expression and lnturn affect resistance or 

susceptibility of a particular plant (Saxena, 1985) . 

As such if the plant is avoided during orientation 

process ther e could be no oviposltion. It has been 

suggested that intercropping a non-host plant with a 

host plant decreases colonization efficiency and 

subsequent population density (Tahvalnainen and Root, 

1973). 
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It has also been reported that growing plants in 

rnonocultures in large fields tends to make them more 

susceptible to insects in space and time (Feeny, 1983). 

Omolo (1983) also reported that multiline 

intercropping induces associational resistance to a 

target pest. So far colonisation of Maruca females to 

resistant and susceptible cultivars has only been 

reported on cowpea as a monocrop. In view of this it 

was therefore, decided that the colonisation processes 

of M. testulalis with special emphasis on oviposition 

be investigated when resistant cultivar ( TVU 946) and 

susceptible cultivar (ICV2) were both planted in 

monoculture and when intercropped with maize. 

5 . 2 Materials and methods 

5 .2. 1. Field experiment; Oviposition sites of 

Maruca are well known (Jackai, 1981, 1982). One week 

prior to flowerbud set stage , leaves , flowerbuds and 

flowers were carefully examined in the field using a 

hand lens. This exercise was carried at four days 

interval. Counts of the eggs were made from a single 

row/sampling cell and the number of eggs recorded. The 

data obtained was used to determine oviposition 

preferences on resistant and susceptible cultivars in 

both cropping systems. 
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5. 2. 2. Screen cage experiment : Cowpea cultivars 

were planted in plots measuring 4 x 4m in pure stands 

and intercropped with maize. The plots were laid down 

in a completely randomised block designed manner and 

replicated four times. The spacing was the same as 

that used in section 4 . 2. All the plots were then 

covered by a net mesh of 1.5mm before germination to 

prevent any natural infestation. 

Fifty pairs of newly hatched Maruca moths taken 

from laboratory reared larvae were released at various 

points within the net cage twenty one days after 

germination of the cowpea. This was to allow an 

independent mating and oviposition on the cowpea 

cultivar of their choice. 

Ovipositiqn preference of the adults was measured 

after every two -aays by counting the · ~umber of eggs 

oviposited under choice situation in the two cropping 

systems. The counting was done on predetermined number 

of plants at the edge and at the center of each plot. 

The te~hnique of counting was the same as that used in 

the field where all parts of the plant were examined 

with a hand lens and counts of t he eggs recorded. 

This was done at four days intervals and the 

data obtained was used to determine the suitability of 

the two cultivars for adult ovlposition. This exercise 

continued until no more eggs were found in the field . 
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RESULTS 

5. 3. 1. Open Field Experiment. 

Data on the oviposition preference by Maruca 

adults during the short rains of 1987 on both 

susceptible and resistant cowpea cultivars (pure 

and intercropped) are shown in figures 5.la, b, c 

and d. The data revealed that in all the 

combinations, the differences between the number 

of eggs laid per plant were not clearly marked at 

the beggining of the sampling period up to 12th 

day of sampling (5th week after germination). 

Thereafter the number of eggs per plant increased 

in all the treatments . Figure 5.la shows that 

after· the 12th sampli ng day, the number of eggs 

per plant.increased progressively when TVU 946 was 

in pure stands than when it was intercropped. 

Similarly when both cowpea cultivars were compared 

while they were in intercropped stands (Fig. 

5.lb), the number of eggs oviposited on the 

susceptible cultivar ICV2 was·higher than those 

oviposited on the resistant cultivar TVU 946 up to 

the end of the sampling period. When the 

susceptible cultivar ICV2 was compared in pure 

stands and when intercropped with maize the number 

of eggs oviposited after the 12th day of sampling 

were more less the same (Figure 5.1). A similar 
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situation was observed when pure stands of both 

cultivars were compared (Fig . 5.ld) although the 

number of eggs laid on TVU 946 (resistant) 

(Appendi x 30a, b and c) were less t ha n those laid 

on t he suscept ible c ultivar ICV2, suggesti ng t hat 

resistance or susceptibility qualities were still 

not very much affected , by intercropping during the 

colonisation process. Table 5.1 supported the 

above results by the fact that significant (p = 
0.05) differences were observed between the 

cropping systems, and also the number of eggs 

recorded in all the cropping systems significantly 

(p = 0.05) differed with plant age (Appendix 31a). 

A similar situation on oviposition preference 

was observed d uring the long rains of 1988 as 

shown in figures 5.2a , b c and ~able 5.2 . The 

figures clearly show that the differences in 

oviposition pr eference were clearly marked after 

the 12th day of sampling. Figure 5.2a indicates 

that after the 12th day of sampling, the number of 

eggs oviposlted on the pure stands of TVU 946 

were more than those that were oviposlted when the 

cultlvar was interplanted with maize . Figur e S . 2b 

also revealed that the number of eggs laid on the 

susceptible cult i var ICV2 when in pure stands were 

slightly more than those that were la i d when the 

variety was in t erplanted with maize. But when the 
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Figure 5. 1. Abundance of Haruca esss/plant when 

cowpea cultivars were in pure stands 

and when intercropped with maize (short 

-

-ICV2 c/M 9 1- nu946.-.., (d) 
- icvz po.ft - ICV2 JM• 

a 

i ~ 
~ ' ' 11'1 6 

~ ~ 5 
l&I 4 

i i 3 

4 

3 
2 ~ 

~ i 2 
i 

~ 
1 

0 
4 a 12 16 20 24 28 32 36 0 

DAYS INlEINAL. 1 4 • 12 16 20 24 21 32 36 
DAYS INTER\N. 



123 

Table 5.1 M~an number of Maruca eggs/plant recorded from the third week after germination 
when cowpea was in pure stands and when intercropped with maize (short rains 1987). 

----------------------------------------------------------------------------·-------------------
Cropping 
system 

TVU 946 
C/M 

TVU 946 
pure 

ICV2 pure 

ICV2 C/M 

Mean 

l.._ ... 4 

0.71 0.71 

0.71 0.71 

1.10 0.79 

0.89 0 . 77 

0.85 0.75± 
o.osa o . 02d 

~Q~-9.L~L.p]._gnt 

8 

0.73 

0 . 76 

0.82 

0.71 

0.75± 
O.Old 

Days interval 
ii 

0.76 

0 . 79 

0.71 

0.87 

0 .7 8± 
0.02d 

16 

4.48 

5.63 

7.38 

7.68 

6.29± 
0.75a 

---- 20_ ·: 24 

5.02 5.27 

7.24 7.18 

7.44 8.08 

7.82 7.84 

6 . 88±. I 7.09± 
0.63a 0.63a 

_ _ 2 8~-~32___ 36 

4.97 

6.85 

7.94 

7.40 

6.80± 
0 . 65a 

3.43 2.06 

5.28 3.37 

6.28 4.76 

6.13 4.51 

5.28± J.68± 
0.65b 0.62c 

__ Mean 

2.81± 
0 . 64c 

3 . 85± 
0.92b 
4.53± 

·1. 04a 
4.96.±. 
1.04ab 

-----------------------------------------------------------------------------------------------
Means with i n the col umn and those along the same row followed by the same letter are not 
significantly different at p = 0.05 (Student Newmans Kuels test). 
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Table 5.2. Mean number of Maruca eggs/plant recorded from the third week after germination 
when cowpea was in pure stands and when intercropped with maize(lon9 rains 1988). 

Cropping No. of eggsLplant 
system Days interval 

.. ___ !, _ _ _ , . 4 8 1.4 .. 16 Mean 
TVU 946 pure 0.76 0.89 1.04 1.28 1.77 1.15 ± 0.18bc 
TVU 946 C/M 0.71 0.74 1.02 1.26 1. 28 1 .0 0 ± 0.12c 
ICV2 C/H 0.71 0.92 1 .44 1. 77 1.88 1.34 ± 0.23ab 
ICV2 pure 0.79 1. 05 1.36 1.66 2.34 1.44 ± 0.27a 

Mean 0.74 ± 0.02d 0.90 ± 0.06d 1.22 ± O.llc 1.49 ± 0.13b 1.82 ± 0.22a 

Means wit hin the column and those along the same row followed by the same letter are not 
significantly different at p = 0.05 (Student Newmans Kuels test ) . 



125 

intercropped stands of both cowpea cultivars were 

compared, the differences between the number of 

eggs oviposited were clearly marked after the 4th 

day of sampling with the susceptible 

cultivar(!CV2) having the highest number of eggs 

(Figure 5.2c). This was a clear indication that 

the susceptible cultivar (ICV2)(pure and 

intercropped) was more preffered than the 

resistant cultivar TVU 946 (Appendix 32). Table 

5 . 2 also showed significant(p = 0.05) differences 

between the cropping systems and between plant age 

preference (Appendix 31b). 

Unlike in the two previous seasons (short 

rains 1987 and long rains 1988), the data on 

oviposition preference obtai~ed d uring the short 

rains of -1988 showed that the·re were more eggs pet

plant that were oviposited during the first week 

of sampling (third week after germination)(Figures 

5.3a, b, c, d and Table 5.3) of which were later 

reduced on both cultivars up to the 12th day of 

sampling (5th week after germination). The reafter 

the number of eggs recorded increased up to the 

end of the sampling period in all the cropping 

systems. However, the trend was somehow the same 

as in the previous seasons in that when the number 

of eggs per plant ·were recorded, the resistant 

cultivar TVU 946 when in pure stands had more 
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Table 5.3 Mean number of Maruca eggs/plant recorded from the third veek after gemination 
when cowpea was i n pure stands and when intercropped with maize(short rains 1988). 

Cropping system No. of eggsLplant 
Days interval 

--··-l .. 4 8 12 
TVU 946 pure 2.00 1.34 1,.17 4.25 
TVU 946 C/M 1.81 1. 05 1. 82 1.29 
ICV2 pure 4.52 2.15 6.36 . 5.19 
ICV2 C/M 1.17 1. 57 2.43 1.91 

Means 2.51 ± 0.67a 1.52 .±. 0 . 23a 2.95 ±. 1.17 3.16 ± 0.93a 

Means within the column and those along the same row followed by the same letter 
are not significantly different at p = 0.05 (Student Newmans Kuels test) 

; . 

Me.ilD. 
2 . 19....±. 0.71b 
1.49....±. 0.19b 
4.56 ± 0.88a 
1.29 ± 0.29b 
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numbers of eggs per plant than when it was 

intercropped with maize (Fig.5.3a). Similarly 

more eggs were recorded on the susceptible 

cultivar ICV2 when planted as pure stands and when 

interplanted with maize than on TVU 946(reslstant) 

also as a monocrop and when intercropped with 

maize (Fig. 5.3b and c). Figure 5.3d and table 5.3 

further indicated that significantly more eggs 

were oviposited on the pure stands of the 

susceptible cultivar ICV2 than on the intercropped 

stands of the same cultivar ICV2 (Appendix 31c). 

5. 3. 2. Screen Cage Experiment 

Data on the experiment to determine the 

suitability of Maruca adult oviposition preference 

under screen cage are shown in figures 5.4a, b, c,

d and table 5.4 and appendix 34. 

Figure 5.4a shows that differences between 

the number of eggs recorded at the edge and at the 

center of pure plots of both TVU 946 and ICV2 were 

not clearly marked. However differences in the 

number of eggs per plant were observed between the 

edges and the centers of all intercropped plots of 

TVU 946 (Fig. 54b). The differences were clear 

after the 8th day of sampling. Similarly the 

number of eggs recorded on the edges of the 

intercropped plots of susceptible cultivar ICV2, 
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Figure 5. 3 . Abundance of Haruca eggs/plant when cowpea 
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Table S.4. Mean number of Maruca eggs/plant recorded at the centers 

and at the edges of cowpea plots when the cultivars were in pure stands and 

when intercropped with maize (screen house) . 

Cropping system m.~a_l'.L.DJJ.Jnb~Ll?,_ _____ _ pooled means 

center edge total 

TVU 946 pure 1.28 ± 0.15b 1.23 ± 0.14b 1.26 ± 0.03b 

1.08 ± O.lla 

TVU 946 c/m 0 . 8 5 .t 0 . 2 Sc 0.94 ± 0.2lc 0.89 ± 0.05a 

ICV2 c/m 1.2S ±. 0.09b 1.27 ± 0.14b 1.26 ± O.Olb 

1. 3 3 !. 0. 0 Sb 

ICV2 pure 1.46 ± 0.12a 1.33 ± 0.09b 1.39 + 0.07b 

--------- -- ·----------------------------- - ------~--------------~------------

Mean 1.21 l 0.13a 1.19 .:A: 0.08a 

CV= 17.74 

Data subjected to Sq. Root x + 1 transformation. 

Means within the column followed by the same letter are not significantly different at p = 0.05 

(Student Newmans Kuels test). 
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were more than those recorded at the centers of 

the same plots(Fig. 5.4d) (Appendix 34). 

Table 5 . 4 shows the mean number of eggs 

recorded at the edges and at the centers of all 

the treatments. This table indicates that 

although there were no significant (p = 0.05 

differences between the edges and the centers, 

slightly more number of eggs we re recorded at the 

edges of both resistant (0.94 ± 0.21 eggs per 

plant) and susceptible cultivars (1.27 ± 0.14 eggs 

per plant) when both were intercropped with maize 

(Appendix 35). 

The overall da ta as shown clearly shows 

significant (p = 0.05) differences in oviposition 

preference _between varieties and also betwee n the 

cropping systems. This indicated that both 

intercropping and resistance contributed an additive 

effect on the ovipositing Maruca adults. 
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Figure 5. 4. Abundance of Haruca eggs at the edges and 
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5. 4 DISCUSSION. 

The observation that the initial oviposition 

during t ~~ third week after emergence, very few eggs 

were recdrded on all the treatments revealed that there 

was a pl ~-O t age preference for oviposition on t he 

, t. cowpea ctr.... 1 vars. This was due to the fact that the 

first ba ~~h of the eggs appeared on the plants at the 

begginl n1 of the fourth week (28 days after emergence) 

after em-~gence and thereafter there was a frequency 

buildup p.o the seventq week after emergence in all the 

treatmen t · ~· The fourth week after emergence coincided 

with flo~erbud initiation. According to Taylor (1978), 

the buds aDd flowers are the prefered sites for the 

oviposltf µ g Maruca females. This also may explain why 

there we t e no eggs tbat were recorded after the seventh 

week aftP- ~ emergence (the time the crop was at peak 

podding e tage) · 

Dif £drences observed in the relative abundance of 

H. testu141is eggs on different cultivars and cropping 

patterns ~uggested that resistance or susceptibility 

and inte taropplng played a major role in controlling 

the ovlpo~ltlng Maruca adults. The underlying role of 

intercrovplng is very clear in that, after the 12th day 

of sampllng (5 weeks after emergence), more eggs were 

recorded on the pure stands than on plots where cowpea 

was plantad together with maize. Also during the short 

rain sea 9 ~rns, the role of resistance was clear in t hat, 
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more eggs were recorded on the susceptible culti val 

ICV2 than on the resistant cultivar TVU 946 . Howe ver 

during the long rains the differences between cultivars 

and cr opp i ng patterns were not very distinct. These 

differences observed in the field especially during the 

short rains may be attributed to the fact that, the 

incidence of the pest was very low (also seen in 

section 3.3). Therefore the few adults that were 

present prefered to lay their eggs on the readly 

accesible pure plots rather than the intercropped 

plots. During the long rains, the differences between 

the number of eggs observed were negligible until after 

the sixth week of crop emergence. (12th day samling 

interval). 

The observation that in some cases more eggs were 

recorded on ICV2 when in pure stands than when 

intercropped clearly suggests that intercropping vas 

actually the main factor that caused Maruca adults to 

lay fewer eggs. 

Detailed studies in a confined environment (screen 

cage) to confirm the above inferences showed that more 

eggs were found at the edges than at the centers of all 

the intercropped plots and that they were evenly 

distributed in all sole planted cowpea. This is in 

agreement with Kayumbo et. al.(1976) that, when cowpea 

is intercropped with maize, fewer ovipositing adults 

enter the intercrop. The data further revealed that 
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there were differences in oviposition between 

vari~ties, suggesting that the resistant cultivar TVU 

946 may have not been attractive to the ovipositing 

females due to its pod currying habit unlike on the 

cultivar ICV2 where the peduncles are within the canopy 

favouring the ovipositing adults. 

Although in earlier e xperime nts (section 4 . 4) it 

was shown that resistance of TVU 9 46 was modified under 

intercropping with maize, one wo uld conclude that due 

to the phenological changes observed, oviposition 

preference between cultivars and crop~ing patterns was 

distinct. The potential of TVU 946 as a resistant 

variety when planted as a sole crop is the refore 

apparent. However as noted earlier in section 4.4, 

that the incidence of the larvae between pure and 

intercropped plot was the same f~r cultivar TVU 946,-0 it 

may be s uggested that it was the larval populations of 

the following generation that were not affected by the 

resistance traits of cultivar TVU 946 as a result of 

the phenological changes that were observed when the 

cultivar was under maize which most probably rendered 

it more acceptable by the larvae. This aggrees with 

Van Emden(1976) observation that the host p lant can 

greatly influence not only the amount of colonisa tion 

bu t also natality or mortality of the subsquent stages. 
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CHAPTER 6 

MICROENVIRONMENTAL DIFFERENCES BETWEEN PURE COWPEA 

AND COWPEA/MAIZE INTERCROPP. 

6 . 1 Introduction 

The presence of a companion crop in an 

intercropped ecosystem creates a rnicroenvironrnent which 

differs from that found in a monoculture (Trenbath, 

1976). These micro-environment differences affect the 

host parasite relationship by influencing the 

population of natural enemies or by acting directly on 

the plants changing its susceptibility or resistance or 

by acting directly on the attacking organism (Trenbath, 

1976; Perrin, 1977). In an in~ercropped ecosystem, 

there is increased shading, humidity and lowered 

temperatures depending on the crop combination. These 

parameters either favour or do n o t fa vou r the pest 

population build up (Ochieng, 1977; Matteson, 1982; 

Way, 1983). 

The microenvironmental differences and their 

effect on resistance and susceptible cowpea cultivars 

when in pure stand and when intercropped with maize 

have not been fully studied. In this chapter the above 

lacking information has been looked at with reference 

to M.testulalis population build up in an intercropped 

ecosystem. 
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6 . 2 Materials and methods 

To determine the effects of temperatures and 

relative humidity, thermohydrograghs were placed at the 

centre of each plot in both cropping systems from where 

daily records were tak&n from time of germination to 

. harvesting. The thermohydrograghs were placed in mesh 

wire cages which were placed just above the cowpea 

canopy (about one third of a me t re from the soil 

surface). Solar radiation reaching the cowpea canopy 

was measured using a solar radiometer. The amount of 

light recorded in the intercropped stands was 

substracted from one recorded in the pure stands so as 

to get the amount of light intercepted by maize in the 

fntercropped stands. 

The data obtained was used to determine whether 

microclimatic d i fferences created by intercropping had 

any effect on the infestation of Maruca. 
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6 • 3 RESULTS 

Data taken on the intercepti on of s unl i ght 

incident on cowpeas by maize in the intercropped stands 

during the three consecutive rainy seasons (short 

rains 1987, l ong a nd short rains of 1988 ) are shown in 

figures 6.1, 6.2a and 6 . 2b. I t can be seen that light 

interception during the t hree consecutive rai ny seasons 

followed the same pattern from the firs t day of crop 

emergence . During the first week of crop emergence 

very litt l e light was intercepted. But at the 

beginning of the second week of crop emergence light 

i nterception followed a logarithmic pattern where more 

and more light was progresively intercepted . 

Thereafter the intercepted sunlight incident on cowpea 

stabilized up t6 harvesting time depe nding on the 

season (Figures 6 . 1, 6 . 2a and 6.2b). This was due to 

the progressive canopy increase as t he maize grew 

taller. 

Data shoving the trends of the mean temperatures 

and relative humidities for the three cropping seasons 

are shown in figures 6.3, 6.4 and 6.s . Figure 6J 

shows that during the short r ains of 1987, the mean 

temperatures recorded from pure cowpea stands was 

higher than that which was recorded from the 

cowpea/rnaize stands. To the contrary, the percentage 
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relative humidity trends over the entire season 

indicated that the RH was higher in the cowpea/rnaize 

i ntercropp than in the pure cowpea plots. As shown in 

f i gures 6.4 and 6 .5 , the trend was very much the same 

d~r i ng the long and the short rain seasons of 1988. 

Ho wever during the first week of germination , records 

f o ~ these parameters were the same as the maize had not 

covered the cowpea as they were planted simultaneously. 

The differences became clearer later in the season. 

F i gures 6 .4 and 6.5 show tha t during the cropping 

seasons of 1988, the differences in % RH sometimes 

overlapped between the cropping patterns . This was 

attributed to the irregularity in the rainfall pattern 

and other environmental changes (eg.temperatures) 

especially dµring the time the r~cords were taken. All 

in all seaibnal temperatures s~6wed marked differen~~s 

bettween cropping patterns, while percentage relative 

humidities also showed slight differeces between 

cropping patterns {Appendix 39, 40 and 41). 

The data on mean weekly air temperatures and % Rh 

for the three cropp i ng seasons as shown in t a bles 6.1, 

6.2 and 6.3 a nd appendices 39 , 40 and 41 indicated that 

there were significantly (p = 0 . 05) higher temperatures 

and significantly (p = 0.05) lower Rh in the pure 

stands of cowpea than in the intercropped stands which 

had lower temperatures and higher Rh respectively. 
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Figure 6. 1. 
Light intercepted by maize_ . in cowpea/maize - ·· - --

intercrop(short rains 1987) . 
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Figure 6. 2a. Light intercepted by maize in cowpea/maize 

intercrop(long rains 1988) . 
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Figure 6.3, Mean tem:peratures and relative humidities 

recorded in the plots of cowpea cultivars 

when in pure stands and when intercrop:ped 

with maize(short rai ns 1987 ) . -
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Figure 6. 4. . Mean temperatures and relative humidities 
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recorded in the plots of cowpea cultivara 
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Mean temperatures and relative humidities 

recorded in the plots of cowpea cultivare 

when in pure stands and when intercropped 

with maize (short rains 1988) . 
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Table 6.1. Mean weekly temperatures and relative humidities t a ken 
in both pure and intercropped plots cs·hort rainsl987). 

Croping system temperatures \RH 

Pure stands 25.5 ± 0.38a 75.58 ± 0.97a 

Intercropped stands 24.25 ± 0.25b 77.83 ±1.04b 

CV 4. 38 3.92 

Means followed by the same letters in the same eollumn are not 
significantly different at p = 0 .05 (DMRT). 
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Table 6 . 2. Mean weekly temperatures and relative himidities taken 

in both pure and intercropped plots (long rains 1988). 

Cropping system Temperatures \RH 

Pure stands 26 . 14a 68. Sa 

tntercropped stands 25.0b 57.75b 

CV 3.98 10.03 

Means followed by the same letters within the same column are not 
significantly different at p = 0.05.(Students Newmans Kuels test) . 
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Table 6.3. Mean weekly temperatures and relative humidities recorded 

from both pure and intercropped plots (short rains 1988). 

--------------------------------------------------------~-----------

Cropping system Temperatures \RH 

Pure stands 22.26a 40.59a 

Intecropped stands 21.07b 41.65b 

CV 4.31 3.15 

Means within the column followed by the same letters are not 

significantly different at p = 0.05 (Student Newmans Kuels test ). 
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6 • 4 DISCUSSION. 

These studies on the micro-environmental 

differences between the pure and intercropped plots 

agree with Trenbath, {1976) suggestions that the 

presence of a companion crop in an intercropped agro

ecosystem creates a micro-environment which differs 

from that fo und in a monoculture. It is clear from the 

data that in the intercropped plots there was a 

reduction in the photosynthetic active radiation 

incident on the cowpea canopy. According to Juarez et. 

al. ,{1982), temperatures and light intensity, together 

with water and nutrient availability, are the primary 

factors that govern plant growth and the potential 

competitiveness with t he associated crops. The study 

then may have indicated that the reduction in the 

incident light reaching cowpea resulted in red uction of 

the relative growth rate of cowpea thus affecting 

susceptibility and resistance as indicated in section 4 

. 3 . 

Likewi s e the fact that temperatures were reduced 

and relative humidity increased in the intercropped 

stands may have a ffected the infestation levels 

observed in the earlier reported experiments. This may 

have been due to the fact that these environmental 

variables affect both the amount and duration or 

periodicity of the crop growth. Similarly they act on 
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the potentially attacked plants, changing their 

susceptibility or resistance (Trenbath, 1976). 

It is a known fact that pest responses to 

environmental factors whether in pure stands or in 

mixed croppi ng is an important aspect in predicting 

when a particular pest constitutes a problem (Perrin 

1977). In this particular case it was not possible to 

quantify the subsquent effect on colonisation of Maruca 

as the actual hour of colonisation was difficult to 

determine. It can therefore be concluded that studies 

of the effect of the micro-environment created in a 

cowpea maize intercrop on the responses by the pest and 

the crop require the use of a controlled environmental 

facilities in which pest and environment variables can 

be studied singly or in communal basis . This may help 

in determination as to whether a resistant cowpea 

variety in the unshaded environment may behave the same 

way when planted under shade. 
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CHAPTER 7 

STEM BORER SPECIES COMPOSITION AND INCIDENCE ON MAIZE 

UNDER PURE STAND AND WHEN INTERCROPPED WITH COWPEA 

CULTIVARS. 

7 . 1 Introduction 

Studies on intercropping maize, sorghum and 

cowpeas by Amoako-Atta and Omolo (1983), Amoako-Atta 

et. al. (1983), Dissemond (1984), Omolo and Seshu Reddy 

(1984) and Omolo (Unpublished), have identified the 

cereal/legume as a good combination in terms of borer 

control. 

Stem borers on maize are categorized as; 

relatively specialized stem feeders (feeding on both 

maize and sorghum) as opposed to generalist feeders 

viz.H. armigera which is a pest of mai-ze, sorghum and 

. some legumes. Studies have indicated that the 

distribution of these stem borers is influenced by 

altitude and tempe ratures, but information regarding 

the borer complex when maize is planted in association 

with other crops with different levels of resistance 

is lacking. In this regard, it was therefore decided 

that the role of intercropping on stem borer complex 

and population buildup on maize when in pure stand and 

when intercropped with resistant and susceptible cowpea 

cultivars be investigated. 
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7 . 2 Materials and Methods 

To determine the stem borer .complex and incidence, 

samples of the borers were taken from the field 

initially at two weeks intervals . This was later 

modified to one week intervals when it was found t hat 

infestation by the stem borers was as early as the 

first week of germination. Eight plants per sampling 

cell per week were taken from the field and the stalks 

were dissected to recover the borers. Larvae were then 

taken to the laboratory where they were identified to 

genus level using the crochets on the prolegs and 

colour. This technique had previously been used by 

Ogwaro (1983). Pupae from the field were also taken to 

the laboratory and kept in petri dishes for 

identification o~ ad ults after emergeflce (Hill, 1975} . 

The number and species of borers present throughout the 

season were recorded and grouped into instars by use of 

body color and head capsule measurements of the larvae. 

The data obtained was used to determine the number of 

indiv i dual borer species present/plant and their 

occurrence over a particular season. 

For studies on t he parasites of stem borers, 

larvae and pupae collected from the field were kept in 

the laboratory for emergence of parasites which were 

later identified and recorded. 
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7 . 3 Yield Assessment 

To assess yields of cowpea and maize within the 

cropping patterns, four cells were randomly selected 

for harvesting (Fig 2.2). Apart from the routine 

management practices, there was no interference to 

these cells until the time of harvesting. Since cowpea 

and ma i ze have different growth patterns, the cowpea 

crop was harvested at about the SSth day and maize on 

the lOOth day after eme rgence . During harvesting, the 

total number of plants in each crop species were 

recorded. For the cowpea crop , the number of pods per 

plant was determined from all the plants in the cell 

area. All the pods were threshed after - sun dryi ng for 

two days and the grains were weighed to determine seed 

yield/plant. Th~ yields were later extrapolated to 

yields/ha basis for each cropping system. 

For the maize crop species, the mea n cob 

weight/plant was determined after harvesting and sun 

drying for several days (moisture content 1 2\). The 

maize cobs were the n threshed and weighed to determine 

the total grain we ight/plant which was later 

extrapolated to yields/ha for each season. 

From the observed grain weights/ha for each 

species, Land Equivalent Rati os(LER) for each cropping 

pattern were determined. LER is defined as "the t otal 

land required under monoculture to give total 

productivity of a crop equal to one hectare of 
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intercrop (Perrin, 1977b). This is culculated by 

dete r mining the ratio of yield of a crop in mixtures to 

its yield in monoculture under the same management 

l evels and with optimum monoc ulture populations. 

Ratios of all crops in the mixture are then added to 

give LER. Where LER is greater than one , the mixture 

is considered highly productive. 
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7. 4. RESULTS. 

7. 4. 1. Stem Borer Complex And Incidence. 

Res ul ts on the determination of the stem 

borer complex and incidence on maize when in pure 

stands and when interplanted with resistant and 

susceptible cowpea cultivars during the short rains 

(1987)are shown in figure 7.1 and table 7.1, and 

Appendices 42. The data indicated that there was a 

very high incidence of c. parte11us larvae that was 

recorded(Fig. 7.1) during the second week of crop 

emergence wich thereafter reached the peak during the 

third week of crop emergence. The population build up 

then declined with little fluctuations until harvesting 
. ~ .; 

(Fig. -7 .1). These fl uctuatio ns indicated renewed 

infestations in the field. During these new peaks a few 

1st and 2nd larval instars were recorded. During the 

2nd and 3rd week after crop emergence, intercropped 

stands of maize maintained a higher larval incidence 

t han when it was as a monocrop although the. differences 

were not distict (Fig. 7 . 1). Eight weeks after 

emergence the numbers of larvae and pupae in all the 

treatments stabilized with maize pure stands maitaining 

a slightly higher incidence of l a rvae/pupae (Appendix 

42). Table 7.1 shows that there were no significant (p 

= 0.05) differences between cropping systems, although 
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Table 7.1 M~an number of C. parte11us l arvae and pupae /plant when 
maize was in pure stand and when intercropped with 
cowpea (short ra ins 1987). 

Cropping system No. of larvae/pupae 

Tvu 946 C/M 1.82 + 0.13a 

ICV2 c/m 2.15 + O. lOa 

Maize pure 1.53 ± O.OSa 

CV = 20.17 
Means followed by the same letter are not significantly different at 
p =0.05 (SNK test). 
Data transformed using sq. root (X +l). 
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pure stands of maize had comparativery fewer Chilo 

larvae/pupae per plant (1.53 ± 0.05) as compared to 

when it was intercropped with either the resistant or 

the susceptible cowpea cultivar (Appendix 43). Only 

a few of B. fusca larvae and pupae were observed during 

this season (short rains 1987) in all the cropping 

systems. However the incidence of H. armlgera (Fig. 

7.2) during the first seven weeks of crop eme rgence was 

extremely low(less than one borer per plant). 

Thereafter the population increased during the eighth 

and ninth week in all the plots where maize was planted 

as a monocrop. This was the time when maize was at 

silking stage. Thereafter the - population declined up to 

harvesting (Fig. 7.2 and Appendix 44 and 45). 

Figure 7.3 and taple 7.3 show the incidence 
- -

and th~ abundance of the su~arcane borer E. saccharlna 

on maize. From figure 7.3,it could be noted that this 

pest was recorded · in very low numbers during the first 

seven weeks in all the cropping systems. An average of 

one borer per plant was recorded during the eighth week 

after maize emergence up to harvesting. This coincided 

with the ti me that the crop attained physiological . 

maturity, a good indication t hat this ls a late season 

pest (Fig. 7.3). Tables 7.2 and 7.3 show that for both 

stem borers(H. armlgera and E. saccarlna) there were no 

significant (p = 0.05) differences in abundance between 

the cropping systems (Appendix 46 and 47). 
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Table 7.2 Mean number of H. armigera larvae when mai.z~ was in 
pure stand and when intercropped with cowpea '(short rains 
1987). 

Cropping system No. of larvae 

TVU 946 C/M 0.79 ± 0 . 05a 

ICV2 C/M 0.79 ± 0.05a 

Maize pure 0.93± 0.07a 

CV =17.92. 
Means followed by the same lette r within the column aie ~not 
significantly different at p = 0 . 05 (SNK test). 
Data transformed using Sq. root(X + 1). 
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Table 7.3 Me ~ n number of E. saccharina larvae and pu~a~/plant when 
maize wa s in pure stand a nd when intercropped with 
co~pea ( s hort rains 1987) . 

Cropping system NO . of larvae/pupae 

TVU 946 C/M 1.24 + 0.06a 

ICV2 C/M 1.22 + 0.06a 

Maize pur e 1. 2 4 + 0. l 8a 

CV =32.9. 
Means followed by the same letter within the column are not 
significantly different at p = 0.05 (SNK test) . 
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The incidence of stem borers observed during the 

long rains 1988, is shown in figure 7.4 and appendix 

48. T~ was observed that for the Chilo larvae the 

numbers remained almost constant with an average of one 

larvae per plant during the first week of crop 

emergence. When maize was in pure stands, population 

of the larvae increased steadly over the period up to 

the fourth week after crop emergence but decreased 

slightly in the fifth week 1 rising again during the 

sixth week when the maize was interplanted with the two 

cowpea cultivars. The numbers remained low after the 

sixth week, but as in the previous season, the 

population maintained little fluctuations until the 

eleventh week when the numbers increased again. The 

second p~ak in week six also indicated the presence of 

a secorid infestation. This was the time when a tew 

first and second instar Chilo larvae were recorded . It 

is also evident from the figure that maize monocrop and 

maize/TVU 946 combination, had a higher incidences of 

Chilo larvae/pupae from the ninth week than when maize 

was interplanted with cultivar ICV2 (Appendix 48b). 

Treatment means indicated that maize monocrop and 

maize/TVU 946 combination had no significant (p = 0.05) 

differences in the number of Chilo larvae/pupae (Table 

7.4). As in the previous season, only a few of E. 

saccharina and H. armigera larvae were observed in all 

the cropping systems at the time when the maize crop 
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Tables 7.4. Mean number of C. partellus larvae and 

pupae/plant when maize was in pure stand and 

when intercropped with cowpeas (Long rains 

1988). 

Cropping systems No. of larvae and pupae 

TVU 946 C/M 3.67 ± 0.41 

rev 2 C/M 2.89 + 0.74 

Maize pure 3.81 ± 0.69 

CV = 16.67 

Means transfo-tmed using Sq. Root >C+ 1. 
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was approaching physiological maturity (Appendix 49). 

During the short rains of 1988, the incindence of 

stem borer C. partellus population on maize when it was 

in pure stands increased fast over the period up to the 

third week unlike in the previous season when the 

population peaked during the fourth week after 

emergence. The population then declined for sometime 

and then rose to reach another peak during the sixth 

and seventh week after crop emergence(Fig. 7.5). 

Thereafter the populati on fluctuated until the end of 

the season (Fig. 7.5). There were two peaks during the 

fourth and sixth week after crop emergence when maize 

was interplanted with cultivar TVu 94~. Thereafter the 

population declined up to the harvesting time. When 

maize was i ~terplanted with cultivar ICV2 the 

populatio~-remained stable wit& - only small fluctuat£6ns 

throughout the season (Fig 7.5). As in the previous 

season, it is evident that maize monocrop and when it 

was intercropped with the resistant cultlvar TVU 9 4 6 

maintained higher larval population throughout the 

season (Apend ix 50). 

Treatment means as shown in table 7 . 5. Indicated 

that maize as a monocrop had sign ificantly (p = 0.05) 

more C. partellus larvae/pupae (4.11 ± 0.33 

larvae/pupae/plant) than the other two treatments which 

never differed significantly (p = 0.05) (Appendix 51) . 

Similarly like in the previous season (long rains 
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Mean number of C. partellus larvae and 

pupae/plant when maize was in pure stands and 

when intercropped with cowpea cultivars 

(short rai ns 1988) . 

Cropping system mean numbers 

Maize/TVU 946 2.47 + 0 . 37b 

Maize/ICV2 2.07 + 0.07b 

Maize pure 4.11 + 0.33a 

CV = 19.16 

Means s ubjected to Sq. Root x + O.S transformation. 

Mea ns within the column followed by the same letter are not 

significantly different at p = 0.05 (St udent Newman Kuels 

test) . 



168 

1988) population buildup of the other stem borers 

namely H. armigera and E. saccharina was fairly low 

in that, only a few were found scarrered in all the 

croppig systems at the time the maize was approaching 

physiological maturity. 

During the three cropping seasons, some natural 

enemies like ants (Dorylus sp., Camponotus sp. and 

Pheidole sp.) were noted as predators of Chilo larvae 

in the field, while in the laboratory Dentichasmias sp. 

and Pediobius sp. were noted as parasites of Chilo 

pupae. 

7. 4. 2. YIELDS. 

Grain yields at final harvest fo r both cowpea and 

maize are shown in tables 7.6 and 7.7 From table 
-

7.6 it can·be seen that during the short rains of 1987, 

intercropped stands of both cowpea varieties (TVU 946 

and ICV2 ) had signif icantly (p = 0.05) less grain 

yield per hactare (670.81 ± 65.49 and 1972.4 ± 368.01 

kg/ha) compared to their respective pure stands(3697 . 74 

± 906.5 and 5399.10 ± 379.48 kg/ha) (Table 7.6 and 

Appendix 52 ). Although ICV2 covpea cultivar is 

supposed to be susceptible to pest ·attack than TVU 946, 

it can be noted that it significantly (p = 0.05) 

outyielded all other treatments. 

Table 7.6 and app~ndix 5 2 show that there were 

significant (p = 0.05) differences in pooled means 
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between the cowpea varieties. As shown in table 7.7 

there were no signlficant(p = 0.05) differences in 

grain yields (kg/ha J between the treatments (Appendix 

53). Land Equivalent Ratio when maize was i ntercropped 

with t he resistant cowpea cultivar TVU 946 was found to 

be 1.05 while when i t was intercropped with ICV2 it was 

found to be 1 . 14. This indicated that there was an 

overall intercropping advantage in terms of crop 

yields. 

During the long rains of 1988, cultivar TVU 946 

in pure stands outyielded all other treatments followed 

by cultivar ICV2 when it was lnterplanted with maize 

(2047.99 + 379.39 and 1325.18 ± 359.41 Kg/ha 

respectively) (Table 7.8). Resistant cult ivar TVU 946 

had significantly (p = 0.05) the lowest grain yield per 

hactare when, it was compared to Dther treatments. 

However there was a significant (p = 0.05) interaction 

between the cropping systems and the varieties 

(Appendix 54), suggesting that cropping method ls an 

important factor in terms of yields. 

The mean yields for maize in all the treatments 

were not significantly Cp = 0.05) different although 

malze/ICV2 combination had the lowest yields per 

hactare than in all other treatments (Table 7.9 and 

Appendix 55). Results also indicated that, like in the 

previous season, the cowpea crop had no effect on maize 

yields. Also when TVU 946 was interplanted with maize 
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Table 7.6. Mean cowpea grain weight in kgs/plant when cowpea was in 
pure stand and when intercropped with maize (short rains 
1987). 

Cropping system 

TVU 946 C/M 

TVU 946 pure 

ICV2 C/M 

ICV2 pure 

CV = 25.85. 

weights 

670.81 ± 65 .49a 

3697 . 74 ± 906.Sb 

1972.4 .t._368 .0lc 

5399 . 10 ± 379.48d 

pooled mean 

2184.28 .±_1517.99a 

3685.75 ± 1718.47b 

Means in each column f olowed by the same letter are not 
significantly different at p = 0 . 05 (SNK test). 

'' 
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Table 7.7. Mean maize grain yield in kgs/plant when in pure stand 
and when intercropped with cowpea (short rains 1987). 

Cropping system weights 

TVU 946 C/M 4655.0 ±. 1.29a 

ICV2 C/M 4110.6 ±. 5.40a 

Maize pure 5350.17 ±. 5.99a 

CV =15 .24. 
Means followed by the same letter are not significantly different at p = 
0 . 0 5 . ( S NK test ) . 
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Table 7.8. Mean cowpea grain yield in kg/ha when cowpea 

was in pure stand and when intercropped with 

maize (Long rains 1988). 

Cropping system weights poooled means 

TVU 946 C/M 655.75 + 355.Sa 

1351.87_± 984.46a 

TVU 946 pure 2047.99 + 379.39b 

ICV 2 C/M 1325.18 + 359.4lb 

1302_± 32 . 09a 

ICV 2 pure 1279.79 ± 270.93b 

CV= 42.72 

Means within a .column followed by the same letter are not 

significantly different at p = 0.05 (Student Newman Kuels 

test).Means transformed using Log. x + 1. 
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the LER was 1.35 while when maize was interplanted with 

cultivar ICV2, LER was 1.99 indicating that both 

mixtures were highly productive in terms of yields. 
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Table 7 . 9 . Mean maize grain weight in Kg/Ha when maize was 

in pure stand and when intercropped with 

cowpea (Long rains 1988). 

Cropping system Weights 

TVU 946 /maize 1772.65 + 540 .Oa 

rev 2 I maize 1625.09 + 745.96a 

Maize pure 1723.87 ± 453.0a 

CV= 26.63 

Means within the column followed by the same letter are not 

significantly different at p = 0.0~ - (Student Newman Kuels 

test). 
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DISCUSS I ON 

Complex and incidence of maize stem 

borers. 

Studies on the incidence and stem borer complex on 

maize in pure stands and when i nterplanted with 

resistant and susceptible cowpea cultivars, i ndicated 

that the incidence of C. partellus started as early as 

the first week of planting . The r eafter the borer 

population i ncreased with plant age to reach the peak 

during the third and fouth week after planting in all 

the cropping patter ns . However, the incidence of the 

borer during the short rain seasons was higher than 

during the long rain seasons. These observation are in 

agreement with Amoako Atta et . al . (1983) fi ndings that 

the incidences of the borers are more acute during the 

minor season. 

It appeared that except for the C. partellus which 

occurred within all the cropping systems in a definate 

order, no ne of the other borers namely B. fusca, E. 

sacchar!na and H. arm!gera exhibited any regularity. 

It was not clear as to why such a low frequency and 

relatively sma l l numbers were observed. But it was 

assumed that these other borers are not serious pests 

of maize in the area where this study was conducted . 

Howe ver, the peak activity of the stem borer complex 

indicated that, the level of attack increased with the 
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age of the crop. It was also observed that all the 

borers that were recorded could appear in one plant. 

Further more attack to plants by each borer species 

varied with plant age. This was due t o the fact that 

Chilo sp. was the first borer that was recorded during 

the first week of crop emerge nce followed by B. fusca a 

week later. H. armigera and E. saccharina were 

restricted mai_nly to the silk, top seed and stem 

respectively. This time of attack by these two borers 

coincided with the reproductive and maturation stages 

of maize. 

The fact that there were no significant 

differences in the mean number of bo~ers per plant 

between different cropping patterns indicated that 

intercropping during the study period had n o direct 

effect on the-stem borers infestation . This was 

attributed to the unsynchronized growth pattern of the 

cowpea cultivars. In addition to this, infestation by 

E. saccharina and H. armigera came at a time when the 

cowpea crop had matured. Relatively more of H. 

armigera was recorded on maize than on cowpea. This 

indicated that the pest being a generalist feeder 

prefered to feed more on maize thereby reducing the 

attack on cowpea. Similar observations were reported 

by Way (1975) when cotton was intercropped with maize 

and especially when the silking of maize coincided with 

the boll formation on cotton. 
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It can therefore be concluded that C. partellus is 

the dominant stem borer on maize at M.P.F.S. and the 

fact that there were no significant differences in 

borer numbers/plant may have been due to the low 

incidence of Chilo larvae as the maize variety, 

Katumani composite, which was used in the experiment is 

known to be moderately resistant to stem borers due to 

its early maturing characteritcs. It can therefore be 

suggested that future studies should be conducted using 

more susceptible maize varieties. 

7 . 5 . 2 YIELDS 

Data on yield of both cowpea and maize for the 

three consecutive craping seasons indicated that except 

for the maize yields which were not af fected by the 

cropping patterns, there was a drastic reduction in 

cowpea grain yield for both resistant and susceptible 

cultivars when they were planted together with maize. 

This indicated that the shading effect of maize in the 

cowpea/maize intercrop was a factor that caused yield 

reduction as the maize canopy intercepted sunlight 

thereby reducing the photosynthetic capacity of the 

cowpea. Ezueh and Taylor (1984) had reported similar 

observations on maize/bean intercrop and associated 

this to competition for light. Likewise the factors 

that i nf luenced the pest abundance in the intercrop 
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could have had some significant effect on the yields. 

This suggested that the presence of Maruca larvae on 

the crop may not have been the only factor that caused 

yield losses. But it may be noted that the season when 

the infestation of Maruca or thrips was high, there was 

a significantly higher cowpea grain yield losses • 

However, in the intercropping pattern reported for 

the cropping seasons, there was a significant 

intercropping advantage in terms of Land Equivalent 

Ratios. 

It can therefore be suggested that future 

studies should be undertaken to identify individualy 

the effect of _various insects pest on yield and the 

interaction between pest and other physical and 

biological entities of cowpea/maize based agro

ecosystem. 
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CHAPTER 8 

8 . 1 GENERAL DISCUSSION. 

Cowpea/maize mixed cropping is one of the most 

popular agricultural system used by the small scale 

farmers living in semi ar i d and arid tropical areas . 

It had been indicated earlier by Nangju (1976) and 

Altieri et. al. (1978) that this system is 

characterised by a reduced pest population compared to 

monocropping which explains some of the reasons behind 

the existence of this system in the tropics . A number 

of mortality factors have been associated with the 

. reduced pest incidence in an intercropped ecosyst~m 

than in monocultures, among these are, more natural 

enemies, crop spe~ies diversity, micr0climatic gradient 

and chemical inte:ract ions. These fa ctors function 

together thus providing a n associational resistance to 

the target pest. 

From the preceeding studies, the fact that pure 

stands of cowpea whether susceptible or resistant had 

significantly more numbers of Maruca larvae than ln the 

intercropped stands was a clear indication that some of 

these mentioned factors were actually operating . 

Differences in the relative abundance of H. 

testulalis in different cropping systems, in different 

seasons as demonstrated by the mean number of 

larvae/plant, indicated that maize as a non host plant 
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impaired the movement of the ovipositing adults during 

the initial stages of the establishment thus acting as 

a physical barrier to the pest migrati on. This kind of 

phenomena was earlier suggested by Amoako Atta et. al. 

(1983} in cowpea/maize/sorghum trrcrop. Differences in 

the mean number of larvae/plant could als o be explained 

by the fact tha t the maize cr op brought about a 

microenvironment for the cowpea crop that was different 

from that found in pure cultures. These were in the 

farm of significantly low temperatures, higher relative 

humidities and less sunlight reaching the cowpea crop. 

Lack of statistical differences in the numbers of 

larvae/plant between cowpea varieties(susceptible and 

resistant) suggested that intercropping unfavourably 

modified the repo~ted resistance of var~ety TVU 946 to 

Maruca, and as such the variety did not have any 

significant effect on the infesting larvae. This 

conformed with the observation by Osiru (1980) that 

crop varieties known to be resistant when planted as a 

monocrop may not necessarily behave the same way when 

p l a nted in association with other crops. 

The observation that c ultivar TVU 946 had 

progressively lost its resistance when planted under 

maize was further supported by the fact that vegetative 

growth of the cultivar was extensively affected by the 

microenvironment that was created by the maize crop and 

as such supported a higher larval population. This 
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indicated that the variety was phenologically affected 

by intercropping as it is not well adapted to mixed 

cropping as opposed to ICV2 which has been grown as a 

mixed crop for years(Pathak and Olela, 1986}. This 

agrees with Tre nba th (1976) that, micro-environmental 

differences created in mixed cropping agro ecosystem 

act on the crop component potentially changing its 

susceptibility or res i stance by modifying them 

genetically or acting directly on the attacking 

organism. This fact of the cultivar TVU 946 having lost 

its resistance when it was under maize may also be 

supported by Saxe na 'S (1985} suggestion that resistance 

may be affected by other factors such as insect 

response and environmental factors. Further to that 

intercropping could have made cultivar TVU 946 loose 

some_ of its biophysical characters due to shading by 

maize or competition. 

Although there were no differences in the number 

of Maruca larvae observed between varieties and 

cropping system, more eggs were laid on the susceptible 

than on the resistant cultivar and also there were more 

eggs on the pure stands than on intercrops. Simi larly 

there were more eggs that were laid on the cowpea 

plants that were planted at the edges of all the plots 

where cowpea cultivars were planted together with 

maize, confirming that · the ovipositing adults initially 

colonised the outer rows with the maize restricting 
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subsquent dispersal. This agrees with Juarez et. al . 

(1982) suggestions that taller plant s provided physical 

barriers wh ich prevents some insects from penetrating 

the lower strata. Besides, the initia l ovipos i ti on was 

adversely affected by the resistanc e traits of cultivar 

TVU 946, indicati ng that the phenolog i cal changes 

obs erved on TVU 946 under maize subsquently favoured 

larval establishment. This agrees with Perrin (1977a) 

observation that the subsquent build up of the pest is 

actually fa voured where it finds suitable food, shelter 

and ovipositional requirement. Similarly plot size may 

ha v e produced a significant effect on insect 

colonisation. 

In all the intercropped plots there was a 

significant reduction in the amount of light that 

reached the cowpea canopy. This reduction of the 

photosynthetic active radiatio n i ncident on the cowpea 

canopy, inturn affected the plant height, n umber of 

pods/plant, pod length and closeness which actually 

forms the basis of resistance, agreeing with the work 

of Gardiner and Craker (1981}. Reduction in the number 

of pods/plant hence caused a reducti o n in the number of 

damaged pods and grains. This led to the conclusion 

that the total number of infestable flowers or pods 

contribute very much to the damage that is caused by 

the Maruca larvae. 

Population of the flowerbud thrips H. sjostedti 
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was slightly lower in cowpea/maize intercop compared to 

sole cowpea crop. Th i s decrease in the thrip numbers 

i n all the intercropped plots was attributed to the 

fact that, as in t he case of Maruca, the r e was a 

reduction in the number of infestable flowerbuds and 

flowers due to the reduced photosynthetic light 

reaching the cowpea crop. This in turn affected the 

number of thrips observed. Observations by Kayumbo et. 

al.,(1976) and Karel et. al., (1980) showed that the 

abundance of f lowerbuds a nd flowers had a very great 

influence on thrip population. As regards t he mean 

numbers of thrips per plan t where there were no 

significant differences between varie~ies. Resistance 

of TVU 946 could ha ve been lowered due to the 

phenological changes observed when cowpea was under 

maize as these -phenological characters form the basis 

of resistance . 

Data obtained during the three cropping seasons 

indicated that C. partellus was the dominant borer 

species. This agrees with Anon (1981) and Seshu Reddy 

(1983) that, Chilo sp. predominates the warmer areas of 

the country . B. fusca whlsh ls reported to predominate 

higher a l titudes (Anon , 1981) was not recorded on maize 

at M. P . F.S. However H. arm!gera and E. sacchar!na were 

recorded in very low numbers later in the season . This 

indicated that these borers are important duri ng the 

reproductive and maturation stages of the maize crop. 
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However, intercropping as expected reduced the 

incidence of H. armigera although it could feed on both 

cowpea and maize . This is in agreement with Amoako 

Atta~. al. (1983) sta t ement that this pest is a 

generalist feeder. 

The fact that, in some cases there were no 

statistical differences in borer numbers between plots 

when maize was interplanted with cultivar TVU 946 and 

pure stands is explained by the fact that this 

particular cowpea cultivar being semi wild has a 

smaller plant biomass. Similarly it stays in the field 

for a shorter period therefore lessening its impact in 

an intercropped system . It can theref o re be ~rgued 

that C. partellus is the dominant stem borer on maize 

in the area wher~ . the study was conducted and that 

other borers app~ar in very low nurnb~rs. Duration of 

growth of the. cowpea varieties used for intercropping 

is an important factor in determining the degree of 

borer infestation. 

Maize yields obtained when it was interplanted 

with cowpea and when it was in pure stands did not 

differ significantly. On the other hand _cowpea yields 

under maize was significantly reduced. This was 

attributed to the shading by maize which caused a 

reduction in the photosynthetic active radiation from 

reaching the cowpea crop, and i nturn caused a reduction 

in growth rate. These observations are similar to 
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those of Gardiner and Craker (1979) that bean yields in 

the maize/bean intercr op decreased, as a result of a 

reduction in the number of pods/plant. 

The micro-e nv i r onmental factors were the principle 

contributors to a great cowpea grain yield reduction 

desp i te the fact that the pests had also caused some 

economic losses. The overall rating of the cropping 

patterns expressed in terms of LER for the cropping 

seasons, indicated that although cowpea yields we r e 

red uced, the mixtures were highly prod uctive . Amoako 

Atta and Om olo (1983) had e xpressed similar sentiments 

in a maize/sorghum/cowpea tricrop. 
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8 . 2 CONCLUSIONS. 

Intercropping or mixed cropping system which is 

practiced in arid and semi-arid of tropical Africa is a 

basic characteristic farming system which is very 

popular amongst the small scale farmers, with 

cereal/legume combination being the most common. The 

review and results from the present studies indicate 

that this system is characterised by a reduced pest 

population compared to monocultures. 

Results obtained from this study tends to 

highlight that merits of using this cropping system 

t ogether with the other components of integrated pest 

managament such as host plant resistance which depends 

wholy on the environment in which the crop is planted. 

During the ~ ~nitial colonisation and infestation by 

Maruca a nd thrips, there was plant age preference and 

also there were differences between cropping systems 

and cultivars. Intercropping rather than resistance of 

cultivar TVU 946 was a major factor that contributed to 

significant low numbers of pests in the plots vhere 

cowpea was planted together with maize as the ability 

to resist attack by these pests was greatly reduced. 

It was the subsquent instars of the pest that were 

affected by the micro-environment created by 

intercropping. The micro-environment differences 

created within the intercrop affected the resistant 
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traits of TVU 94~ as they are phenologically oriented 

hence modified genetically. This meant that these 

differences in micro environment acted directly on the 

cowpea plants and rendered them to be more susceptible 

to the pests. In this respect then, broader research 

programs on resistance and susceptibilty are essential 

with the view t o identifying appropriate cultivars 

suitable for intercropping. It is also appparent that 

the shading effect by the maize on cowpea caused a 

reduction of flowerbuds, flower3 and pods as a result 

of the reduction in photosynthetic active radiation 

incident on cowpea leading to the red uction in the 

infestable sites. However as would be expected , as the 

number of Maruca larvae increased, the number of pods 

and seeds with damage symptoms also increased. 

As the magnitude and expression of genetic 

resistance of plant to insect is influenced by 

environmental factors, resistance of a crop to a 

particular pest when in monoculture may be lost when 

the crop is planted in association with other crops. 

In view of this, collaboration of plant breeders, 

agronomists and entomologists amongst others ls 

essential in developing sustainable pest control 

packages . Likewise detailed study on microenvironment 

variables and their relationships with pests should be 

conducted singly or in combination in controlled 

environment. 
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In the area where these studies ware conducted, C. 

partellus was found to be the dominant stem borer,and 

that intercropping did affect its population buildup. 

Other c ommon borers mainly H. armigera and E. 

saccharlna are not serious borers as they are 

restricted to silk and the top seed respectively. 

Cowpea yields were significantly reduced while 

maize yields were unnaffected. Otherwise when yields 

of the two crops were combined, there was a 

significantly higher crop productivity in terms of Land 

Equivalent Ratios. 



189 

REFERENCES. 

Agboola A. A. and Fayemi A. A. (1971). Preliminary trials on 

the intercropping of maize with different tropical 

legumes in western Nigeria. J. Agric Sci 77 : 219-

22 5 

Agwaro. K (1983). Intensity of levels of stern borers in 

maize and sorgum and the effect on yield under 

different intercropping patterns. Insect sci. and 

Applic. 4 : 33-37. 

Altieri, M. A. ; Francis, C. A.; Schoonhoven A Van and Doll 

J. U. (1978). A review of insect prevalence in 

maize (Zea mays L.) and bean CPhaseolus vulgaris 

L.) polycultural systems. 

Field er.op Research ( Netherla-nds 1 ( 1) : 3 3-49. 

Amoako Atta and E. O. Omolo (1983). Yield losses caused by 

the stem borer complex with maize cowpea, sorghum 

intercropping system in Kenya. 

Insect Sci. Application. 4; 39-46. 

Amoako At t a, E. O. Omolo and E . K. Kidega (1983). Influence 

of maize, cowpea and sorghum intercropping system 

on stem-/pod borer infestation. Insect Sci. 

application 4; 47-57. 



190 

Arnpofo J. K. O., (1986). Effect of resistant maize cultivars 

on larval dispersal and establishment of C. 

partellus (Lepidoptera: Pyralidae). 

Insect sci. Application 7: 103-106 

Amp o f o J. K. O., (1986) Maize stalk borer (Lepidoptera; 

Pyralidae) damage and plant resistance. Envir on. 

Entornol. 15 : 1124- 1129 

Andrew, D. J.(1974 ). Responses of sorghum va r ieties to 

intercropping. Expl. Agric. 10 : 57-63. 

Andrew, D.j. and Kassam A. H. {1976). The importance of 

multiple cropping in increasing world food 

suppli~s._l_n eds R. I. Paper~dick, P.A. Sanchez 

and G.B. Triplet. Multiple cropping .American 

society of agronomy, Special publ. No. 27. 

Anon, (1978) . Grain improvement in Kenya. 

University of Nairobi pp . 69 

Anon, (1981). ICI PE Annual report pp. 26. 

Anon . , (1982). ICIPE Annual report pp. 21. 

Anon (1985). ICIPE Annual report pp 7. 

Anon. (1986). ICIPE Annual report 13 pp. 



191 

Baker, K.F. and Cook R.J.(1974). Biological control of plant 

pathogens. W.H. Freeman San Francisco 433pp. 

Bawden, J. (1979). Stem ~c:~: ecology and Strategy for 

csnt rol . Annals a~ Appl. Biol 84(1): 107- 111. 

Barrroga, S. F., (1969). Control of Lepid opterous pest 

attacking bush bean Phaseolus vulgaris L. blossom 

a~~ pods. Philipp. J. plant Ind. 34:159-52. 

Booker R. H., (1965a). A note on the effect of spacing of 

cowpea on the incidence of O. mutabilis Sahlb. 

(Chrysomelidae). Sarnaru Misc. paper No. 10 2p. 

Booker R. H.,(1965b). List of insect species found in 

association with co~peas at Samaru (Northern 

Nigeria). Sumaru ~isc . paper No. 9 4p. 

Cromartie Jr., W. J., (1975) . The effects of stand size a nd 

vegetational background on the colonisation of 

=r ~ci f2rous plan~ ~y herbivorous insects. J. Appl. 

Ecole., 12 ; 517-533. 

Dabrowski, D. O. , Bungu M. and R. S. Ochieng, (1983). Studies 

on the legume pod-borer Maruca testulalis (Geyer) 

- III. Methods used in cowpea screening for 

resistance. Insect Sci. Application 4 (1/2) :141-

145. 

Dissemond, A. , (1984). Intercropping and its relation to 

plant pests and weeds. ICIPE 12th Annual report. p 

8 . 



192 

Emden Van H.F. and W3y M.J.(198 ) . Host plant in 

population dynamics of insect. 

Ezue~, M. I. a~d Taylor A. J .. , (1984). Effect of time of 

intercropping ~ith maize on co~pea susceptibility 

to three major pests. Tropical Agric. (Trinidad) 

61: 82-86. 

Francis, C. A., Flor, C. A. and Temple, S.N., (1975). 

Adapting varieties for intercropping system 

in the tropics. Pape r presented at multiple 

cropping symposium. America n Society of agronomy. 

Knoxville 24-29. ASA special publication series. 

Francis, C. A., Flor, C.A. and Prager, M. (1977). Effect oE 

bean association on yield and yield component of 

maize. Crop science 18 (In press). 

Finlay, R. c. , (1975a). Intercropping Soybeans with 

cereals. In proceedings of the Regional soybean 

conference, Addis Ababa Ethiopia 14-17. 

Finlay, R. c. , (1975b). Intercropping soybean with cereals. 

In Whigham DIC ed. Soy bean Production, Protection 

and Utilization. Urban -campaign IL USA University 

of Illinois INTSOY series No. 6: 77-85. 

Francis, C. A. , (1978). Multiple cropping potential bean 

and maize. Hort. Science 13: 12-17. 

Gardiner, T. R. and L. E. Craker, (198 1 ) . Bean growth and 



193 

light interception in a bean maize intercropp. 
· ~ 

Field Crop Research 4: 313-320. .·f·· 
Gerard, 8. M. , (1976). · The effect of plant density on maize 

and covpea insect pest. Paper presented ta 

symposium on intercropping in semi arind areas, 

Morogoro Tanzania. 

Gerard, B. M. ,(1976). Measuring plant density effect on 

insect pest in intercropped maize and covpeas. In 

intercropping in semi arind areas (Ed by Mango J. 

H., Ker A. O. and M. Campbell). University of Dar-

Es-Salaam, Tanzania IDRC. 

Gethi, M (1986). Effect of intercropping cowpea and maize on 

the infestation and damage by flowerbud thrips 

(Megalurothrips sjostedti Tryborn) and pod sucking 

bugs (Clavigralla Sp.). M.Sc. Thesis University of 

Nairobi Kenya. 

Gethi, M. and Khaemba, B. , (1985). The effect of 

intercropping cowpeas (Vigna unguiculata) with 

maize (Zea mays) on the incidence and damage 

caused by the legume pod borer Maruca testulalis 

Geyer (Lepidoptera: Pyralidae in Kenya. 

E. Afri Agric For J. 51: 36-40. 

Girling, D. J., (1978). The distribution and biology of 

Eldana saccharina Walker (Lepidoptera: Pyrlidae) 

and its relation to other stem borers in Uganda. 

Bull. ent. Res. - 68: 471-488. 

Gomez, A. A. and Gomez, K. A., (1983). Multiple cropping in 



194 

the humid tropics of Asia International Deve. (Res 

center IDRC. Ottawa, Ontario Canada 41-62. 

Halteren P. Van ., (1978). Pests of grain legumes and their 

control i n Egypt. In insect pest of grain legumes 

and their control. In press. 

Hart , R. D., (1974). The design and evaluation of a bean, 

corn and manure poly-culture cropping system for 

the humid tropics. Ph.D Thesis university of 

Florida, Gainsville 158pp . 

Harwood, R. R., (1973 ) . The concept of multiple cropping . 

An introduction to the principles of cropiing 

systems design. IRRI Las Banos Philipp. 16pp. 

He rzog, D. C. and J . E. Funderburk, (1985). Plant resistant 

and cultural practice interaction with biological 

control. In Biological con~rol in agriculture IPM 

systems.. Ed. by D. Herzog, -and A. Marjorie 589p:-

Academic Press NY 1985. 

Hill, D. s., (1975). Agricultural insect pests of the 

tropics and their control. Cambridge Un. press, 

Cambridge. 

IITA.,(1980d). Annual Report pp 125. 

IITA. (1981). Annual report . Ibadan Nigeria. 

Ingram, W.R. (1958). The lepidopterous stalk-borer 

associated with Graminae in Uganda. 

Bull . ent Res 49: 367-383. 

IRRI., (1973). Annual Report Los Banos, Philippines. 

IRRI., (19 74). Annual Report Las Banos, Phlllippines. 



195 

Jackai, L. E. N. , (1980). Use of an oil soluble dye to 

determine the oviposition sites of the legume pod 

borer, M. testulalis Geyer. Tropica l grain legume 

bulletin 19, 4pp. 

Jackai, L. E. N. , (1981). Relationship between cowpea crop 

phenology and field infestation by legume pod 

borer, Maruca testulalis. Ann. Entomol. Soc. Am. 

74 : 402-408. 

Jackal, L. E. N. ,(1982). A field screening technique for 

resistance of cowpea (Vigna unguiculata) to pod

borer Maruca testulalis(Geyer)( Lepidoptera; 

Pyralidae). Bull ent. Res. 72: 145-156. 

Jackal, L. E. N. and Singh, S. R . ,(1983). Varietal 

resistance in the integrated pest management of 

cowp~a pests. Insect Science App lication 41 : 199-

204 

Jackal, L. E. N.,(1984). Studies on feeding behaviour of 

Clavigralla tomentosco11is(Stal) (Hemiptera, 

Coreidae) and thei r potential use in bioassay for 

host plant resistance. Z. Angew Entomol 98 : 344-

350. 

Jackal, L. E. N. and S . R. Singh (1981). Studies on some 

behavioral aspect of Maruca testulalis on selected 

species of Crotalaria and Vigna ungulculata. 

Grain Legume Bulletin 22 : 3-6 . 

Juarez, M.A., Bargas C.F: and J. L. Saunders (1982). Maize 

cowpea mixed crop system response to insect 



196 

control and maize populations . 

J. Econ. Entornol. 75 : 216- 218 . 

Jepson, W. F . ,(1954). Critical review of the world 

literature on the Lepidopterous stalk borers of 

tropical graminaceous crops. 

London Common. W. Inst. Ent 127pp 

Karel, A. K. , (1985). Yield losses from and control of bean 

pod borers, Maruca testulalis (Lepidoptera: Pyralidae) 

and He11othis armigera (Lepidoptera: Noctuidae). 

J. Econ. Entomol 78 : 132 3-1326 . 

Karel A. K. and Mueke J.M. , (1978). Management of insect 

pest in mixed cropping syst~m in Kiambu District. 

Kenya Progress Protection Progres~. 1 48-61. 

Karel, A. K., Lakhdni D. A. and B. J. Ndunguru. (1980). 

Intercropping of maize and· cowpea: Effect of plant 

and seed yield. In the proceedings of the second 

symposium on intercropplng in semi arid areas 

Morogoro Tanzania p . 102-109. 

Kaufman, T. , (1983). The behavioral biology, feeding 

habits of three species of stem borers, Eldana 

saccharina, Sesamia calamistis and Busseola fusca 

in Ibadan Nigeria. Annals of the Entomological 

Society of America. 

Kayumbor H. Y., (1976). Crop protection in mixed crop 

ecosystem. Proc . Symposium on lntercropping in 

semi-arid areas Morogoro. Tanzania. 

Kayumbo H. Y. ,(1977) . Insect pe s t population in mixed crop 



197 

ecosystem . 

Tropical Grain Legume Bulletin No. 8 : 24-27. 

Khaemba, B. M. 1 (1980). Resistance of cowpea to common pod 

Sucking bugs Ri ptortus dentipes Fab. and 

Anoplecnemis curvipes Fab (Herniptera: coreidae). 

Ph . D Thesis University of Nairobi. 

Khamala C. P. M. (1978). Pest of grain legumes and their 

control. In pest of grain legumes. Ecology and 

control Ed. S. R. Singh, Emden M. F. and Taylor T. 

A. Academic press London and New York. 

Koehler, C. S. and Mehta P. N. (1972). Relationship of 

insect control attempts by chemicals to component 

of yield of cowpea in Uganda. J. Econ Entomol 

65(5) : 1421-1427. 

Kyamanywa, S. and Ampofo, J.K.O. (1988). Effect of 

cowpea/maize -mixed cropping on the incident light 

at the cowpea canopy and flower thrips 

(Thysanoptrera: Thripidae) population density. 

Crop protection 7 : 186-189. 

Lal, R. (1979). Soil tillage and crop production. IITA 

Ibadan, Nigeria . Proc. Series No. 2. 

Lamb K. P. (1978). Pest of winged beans and their control in 

Papua New Guinea. In Pest of grain legumes: 

Ecology and control Ed S. R Singh Taylor T. A. 

And Emden M. F. Academic press London and New york 

Lawani, S. M. (1982). A re~iew of the effect of various 

Agrononomic Practices on cereal stem Borer 



198 

populations . Tropical Pest .Hanaement 28 (3) 266-
~ o .. 

276. 

Ma t t es on , P . C . ( 19 8 2 ) : The effects of interropping with 

cereals and minimum permethrin application on 

insect pest of cowpea and their natural e nemies. 

Tropical Pest Management 28 : 372-380. 

Moff Ta'Ama (1 983) . Yield performance on thrip resistant 

cultivars under no insectcides application. 

Tropical Grain Legume Bull. 27 : 26-28. 

Nar.gju, D. (1975) The component of grain legumes in 

cropping system in Africa. Morogoro ; Tanzania. 

Nangju, D. (1976). Cultural methods of insect control in 

grain legumes . IITA/NARC symp. Ibadan : Nigeria. 

Nickel, J. L . (1973). Pest situation in changing 

agricultural systems. A review. Bull of Entomol 

Soc . America 54 :7 6-86. 

Nilakhe, S. S. and R. B. Chalfant (1982). Cowpea cultivars 

screened for resistance to insect pests. 

J. Econ. Entomol. 75 : 223-227. 

Norman, D. N. (1968). Why practice intercropping. 

Sumaru Agric. Newsletter. 10 : 107-116. 

Norman, D. W. (1971). Intercropping of annual crops under 

indigenous conditions in Northern part of Nigeria. 

Sumaru, Zaria Nigeria, Ahmadu Bello Uni versity 

Rural Economy Research unit. 

Norman, D. w. (1976). Developing mixed cropping systems 

relevant to the farmers environment. Syrop. on 



199 

intercropping in semi-arid areas. Morogoro , 

Tanzania. 

Nye, I. W. B. (1960). The insect pests of graminaceous 

crops in East Africa. Col. Res. studies No. 31 

H.M.S.O . London , 48pp. 

Nyiira, Z. M. (1973). Pest status of insect pest of covpeas 

(Vigna unguiculata CL) Walp) in Uganda and their 

contro l . Pans 17 : 974-977. 

Ochieng, R. S. (1977). Studies on the bionomics of the two 

major pests of cowpea, Vigna unguiculata (L) Walp, 

Ootheca mutabilis Sahlb. and Anoplecnemis curvipes 

F. Ph.D thesis, University of Ibadan. Nigeria. 

Okeyo-Owuor, J~ B. and R. S . Ochieng CJ981). Studies on the 

legume pod borer Maruca testulalis Geyer- 1. Life 

cycle and behaviour. Insect Science and 
• 

Applications 1 (3) : 263-257. 

Okeyo-Owuor, J . B. , P. 0. Agwaro and C. 0. J. Simbi (1983) . 

Studies on the legume pod borer Maruca testulalis 

(Geyer) - v . Larval population. Insect Science and 

Applications 4 (1 & 2) : 75 - 81. 

Okwakpam, B. A. ( 1967). Three spp of thrips in cowpea 

flowers in the dry season at Badeggi, Nigeria. 

Entomol Mag 1 : 45-46 . 

Omolo, E. O. (1983). Screening of local and exotic maize 

lines for stern borer resistant with special 

reference to Chilo partellus. Insect Sci. and 

Applications 4 : 105-108. 



200 

Omolo, E. O. and P. Ollirno (In press). Some of the crop 

physiological explanation of intercropping 

advantages. I C P E Nairobi. Kenya. 

Omollo, E . O. and Seshu Reddy, K. V. (1985) . Effects of 

different sorghum-based cropping systems on insect 

pest in kenya . In proc. of the International 

sorghum entomology workshop. Texas A and M 

University college station U. S . A. Patacheru, AP 

ICRISAT India. 

Omolo, E.O., Olimo, P . and Simbi, C.O.J. (1990) . Multiline 

intercropping systems. Discovery and Inovations, 

2 : 103-106. 

Ota, A. K. (196S). Comparison of three methods of extracting 

the flowe r thrips from rose flowers. J. Econ . 

Entomol. 61 : 1754-55. 

Osiru, D. S. o: (1976). Studies on mixtures of maize and 

beans with particular emphasis on time of planting 

beans. 1n. symposium on intercropplng in semi arid 

areas. Morogoro, Tanzania . 

Osiru, D. S. o. and Willey R. W. (1972). Studies on mixtures 

of dwarf sorghum and beans (Phaseolus vulgar!s) 

with particular reference to_plant population. 

J . of Agric Scie 79 : 531-540. 

Pathak, R. S. and J. C. Olela (1986). Registration of 14 

cowpea cultivars. Crop Science 26 : 647-648. 

Painter, R. L . (1951). Insect resistance in crop plants. 



201 

Macmillan, NY. 520pp. 

Parker, N. (1969). Intercropping. Bsc. thesis University of 

Reading, Great Britain 83pp. 

Passlow, T. (1968). Navy bean pests. Queens Agric J. 94 

762-763. 

Perrin, R. M. and Phillips, M. L. (1978). Some aspects of 

mixed cropping on the population dynamics of 

insect pests. 

Ent.Exp. and appli. 24 ; 585-393. 

Perrin, R. M. (1977). Screening for resistance in cowpea to 

Cydia ptychola. Tropical Grain Legume Bulletin 8 : 

17p 

Perrin, R. M. (1977). Pest management in multiple cropping 

systems. Agro-Ecosystems 3 : 93-118. 

Perrin, R. M. (1978a). Varietal differences in the 

susceptibility of cowpea --to larvae of seed moth, 

Cydia ptychola (Meyrick) (Lepi. Tortricidae). 

Bull. Ent. Res 68 : 47 - 56. 

Perrin, R. M. (1978b). The effect of some cowpea varieties 

on the development and survival of larvae of seed 

moth, Cydia ptychola (Meyrick) {Lepi. Tortricidae) 

Bull. Ent Res 68 : 57-63. 

Pimentel, 0 . {1961). The influence of spartial patterns on 

insect populations. Ann. Entomol Soc. Am. 54 : 61-

69 . 

Raheja, A. K. (1973). A ~eport on the insect pest complex 

of grain legumes in Northern Nigeria. 



202 

In: Proc. of the 1st IITA Grain Legume Improvement 

Workshop, Ibadan, Nigeria p 295-301 

Raheja, A. K. (1977a). Assessment of losses caused by 

insect pest to co~pea in Northern Nigeri3. 

Pans. 22 : 229-233. 

Raheja, A. K. (1977b). U.L.V. spraying for cowpeas in 

Northern Nigeria. Samaru Research Bulletin 283. 

Raman, K. V., Singh, S. R. and Van Emden, H. F. (1978). 

Yield looses in cowpea f ollowing leaf-hopper 

damage. J. Econ. Entornol. 71; 936-938. 

Raros, R. s. (1973). Prospects and problems of integr ated 

pest control in multip le cropping. IRRI saturday 

seminar, Los Banos, Philippines, 20pp, 

mimeographed. 

Root, R. B. (1973). Organization of plant arthropods 

association in simple and diverse habitat : The 

fauna collards (Brassica oleracea) Ecol. Honogr, 

43 : 95-124. 

Sastrawinata, S. E. (1976). Nutrient uptake, insect, 

diseases, labour us e and productivity 

characteristic of selected traditional 

intercropping patterns which together affect their 

continueduse by farmers. PhD thesis , College of 

Agric. University of Philippines at Los Banos 

pp30. 

Seshu Reddy, K. V. (1983). Studies on the stem borer complex 

of sorghum in Kenya. Insect Sci. Applic 4 : 3-10. 



203 

Saxena, H. P. (1974). Pest of grain legumes and their 

control in India. In Pest of grain legumes Ecology 

and co ntrol. Edit. Singh, S. R., Van Emden, H. F. 

and Taylo r, T. A. Academic Press Londo n , New York. 

Saxena, K. N. (1985) L Behaviour al basis of plant resistance 

or susceptibility to insect. Insect Sci Applic. 6 

(3) : 303-313 . 

Scheltes, P. (1978). Ecological and physiological aspect of 

aestivation-diapause in the larvae of two Pyralid 

stalk-borers o f ma i ze in Kenya. 

Landbourwhogeschool, Wageningen, The Netherlands, 

llOp. 

Sellschop, J. P. F. (1962). Cowpea, Vigna unguiculata (L) 

Walp. Field Crop abstract 15 : 259- 266. 

Seshu Reddy, K. V. and J. C. Davies (1979). Pest of sorghum 

and pearl millet -and their parasites and predators 

recorded at TCRISAT centre, India . Cereal 

Entomolgy Dept. Prog. Report 2. ICRISAT Patancheru 

A. P. India 23pp. 

Singh, S. R . (1977). Cowpea cultivars resistant to insect 

pest in world germplasm collections. Trap. Grain 

Legume Bulletin 9 : 1-7. 

Singh, S. R. (1978a). Resistance to pests of cowpea in 

Nigeria pp 267-279. In Singh, S. R. , Van Emden, 

H.F. and Taylor, T. A. (Eds). Pest of grain 

legumes; Ecology and control. London and Ne~ york. 

Singh, S. R. (1978b). Resistance to cowpea pests and its 



204 

relationship to pest management. IC!PE/UNEP Group 

Training Course. 

Singh, S. R. (1979). Biology of co1r1pea pest and potentidl 

for host plant resistance. Annual research 

conference at Int. Trop. Agric. Ibadan, Nigeria 

43pp. 

Sing~ , S. R . (1980). Biology of cowpea pests and host plant 

. ~ res is .... a nee . 

Singh, S. R. and Van Emden, H. F. (1979). Insect pest of 

grain legumes. An. Rev. Entomol 24 : 255-278. 

Singh, S. R. and Allen, D. J. (1980). Pest, diseases, 

res istance and protection of Vigna unguiculata (L) 

Walp. In advaces in legume science p. 419-443. 

Singh , S. R. Van Emden H. F. and Taylor, T. A. (Eds) (1978). 

Maruca testulalis : An important pest of tropical 

grain legumes. Pest of grain legumes Ecology and 

control. Lo ndon, UK Academic press p. 193-200. 

Singh, S. R. and L. E. N. Jackal (1985). Insect pest of 

co1r1pea in Africa. Their life cycle, econom ic 

importance and potential for control. In cowpea 

resea r ch, production and utilization. Ed s. R. 

Singh and K. o. Rachie. John Wiley and sons 

Chichester; New york. Brisbane, Toronto, 

Singerpore. 

Sout h1r1ood, T. R. E. (1966). Ecological methods 'M it h 

reference to the study of insect populations. 



205 

London; Methuen and Co. LTD 39lpp. 

Southwood, T. R. E. and Way M. J. (1970). Ecological 

background to pest management. In concepts of pest 

management. N. C. State University Raleigh pp 6-

28. 

Srivastava, B. K. (1964). Pest of pulse crops. In 

entomology in India 1963 Ed. N. C . plant pp83-91 

New Delhi Entomolo. soc. India. 

Suryatna, E. S. and Harwood, R.R. (1976). Nutrient uptake 

of two traditional intercrop combination and 

insect and diseases incidence in three intercrop 

combination IRRI Los Banos Phillippines ppl8. 

Tahvanainen, J. 0. and Root, R. B. (1973). The inluence of 

vegetational diversity on the population ecology 

of a specialized herbivore, Phyllotreta cruciferae 

(Coleoptera; Chrysomelidae. Oecologia - 10 ; 321-

346. 

Taylor, T. A. (1964). Observations on the bionomics of 

Laspeyresia ptychola Mery (Lepido. Eucosmidae) 

infesting cowpea in Nigeria. 

Bull. Ent. Res 55 : 761-773. 

Taylor, T. A. (1967). The bionomics of Maruca testulalis 

Gey. (lepidoptera; Pyralidae), a major pest of 

cowpeas in Nigeria. J. West Africa Sci Assoc. 12 

(2) ; 111-129. 

Taylor, T. A. (1969) . Preliminary studies on i ntegrated 

control of the pest c omplex on cowpea; (Vigna 



206 

unguiculata. Walp., i n Nigeria. J. Econ. Entomolo. 

62 ; ~00 - 902. 

Taylor, T. A. (1971) . Preliminary studies an the integrated 

control of the pest complex on cowpea (Vigna 

unguiculata Walp.) In proceedings of the 13th 

International Congress of Entomo logy Moscow 2-9, 

August 1968. Leningrad publishing House "Nauka" 

2 : 398-399. 

Taylor, T. A. (1974). On the population dynamics of 

Taeniothrips sjostedti(Tryb) Thysanoptera, 

Thripidae). on ccwpea and an alternative host 

Centrosema pubescence Benth in Nigeria. 

Rev. Zool. Afri . 88(4} : 689-702. 

Taylor, T. A. (1977). Mixed cropping as an input in the 

management --of crop pest in the Tropical Africa. 

Africa Environment 2(4): 111 - 126. 

Taylor, T. A. (1978). Maruca testulalis; an important pest 

of Tropical grain legumes. In s. R. Singh, H. F. 

Van Emden a nd T. A. Taylor (Eds. Pest o f grain 

legumes; Ecology and c ontrol . p 193-200. Academic 

Press London 454pp. 

Taylor, T. A. and Ezedinma, F. O. C. (1964). Preliminary 

investagations on field pest of cowpeas and 

methods of control. Ibadan, Nigeria. Niger. Agric. 

J. 1(1) ; 8-11. 

Trenbath, R. B. (1976 ). Diversify or be Damned . Ecologist 

5(3) : 76-83. 



207 

~sua, E. J. (1968a). The ~iology and ecology of Busseola 

fusca and Sesamia Spp. in South-western Nigeria. 

1. Distribution and population studies . J. Econ. 

Entomol. 61 ; 830-833. 

Usua, E. J . (1975) . Studies in relation to Maruca 

testulalis. Proc. IITA collaborators meeting on 

grain legume improvement 9-13 June 1975 p 52-54. 

Usua, E. J. and Singh, S. R. (1978). Parasites and 

predators of the covpea pod borer Maruca 

testulalis (Lepidoptera; Pyralidae). 

Nigeria Journ. of Entomolo 3(1) : 100-102. 

Van Emden, H. F. (1976). Insect pest management in multiple 

cropping system- a strategy paper presented at a 

symposium on cropping systems Research and 

development for Asia Rice farmers Los Banos 

Philippine~ Sept 21-24 Mimeographed . 

Van Emden, H. F . and Williams , G. F . (1974). Insect 

diversity and stability in agr oecosystems. 

Annual Review of Entomology. 19 : 455-475. 

Warui, C. M. and Kuria, J. N. (1983). Population incidence 

and control of maize stalk borers, Chilo pertellus 

(Swinh), C. or1cha1coc11ie11us Strand. and Sesamia 

calamistis Hrnps in Coast Pr ovince of Kenya. Insect 

Sci. Appli. 4 : 11-18. 

Way, M. J. (1953). Studies on Theruptus spp. (Coreidae) the 

cause of the gumming disease of coconut in E. 

Africa. Bull. ent. Res. 44 : 657-667. 



208 

Way, M. J. (1975). Concepts of Diversity and stability in 

relation to tropical insect pest incidence and 

control. Pro. 9th Ann. Conf. Entomol. Soc. Nigeria 

:::bada:-: p14-20. 

Way, M. J. (1?77). Integrated control practical realities. 

Outlook on Agriculture 9 : 127-135. 

Way, M. J. (1983). Report on consultant visit to Tanzania to 

~xamine and advice on Pseodotheruptus vayi 

problems on coconut. National coconut development 

program and GTZ, Tanzania 82pp. 

Wil ley, R. W.(1979). Intercropping, its importance and 

research needs. Part 1 Competition and yield 

advantages. Field crop Abstract 32 : 1-10. 

'i-lil:1~lm, s. (1973). Principles of biological control of 

soil borne diseases. Soil Biol Biochem. 5 : 729-

737. 

Willey, R. W. and Osiru, D.S . 0. (1972). Studies on 

mixtures of maize and beans(Phaseolus vulgalis) 

with particular reference to plant population. J. 

Agric sci 79 : 517-529. 

Wooley,J . N. {1977). Breeding coYpea Vigna unguiculata {L) 

Walp, for resistance to Maruca testulalis Geyer. 

Ph.D thesis Cambridge University, Cambridge 

England. 



Appendix 1 

Days interval 

1 

4 

8 

12 

16 

20 

24 
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Incidence of l1aruca larvae pop.llation on 

cowpea cultivara w .• en in pure stands and when 

intercropped with maize (short rains 1987). 

TVU 946 

pure 

0.33(0.91) 

0.33(0 .91) 

0(0.71) 

4.33(2.19) 

0.33(0.91) 

0.67(1.08) 

1.67( 1.47) 

TVU 946 

c/m 

0(0.71) 

0(0. 71) 

0(0.71) 

2.0(1.58) 

0.67(1.08) 

0(0 . 71) 

0.33(0.91) 

ICV2 pure ICV2 c/m 

1. 0( 1. 22) 0.33(0.91 ) 

1.33( 1.35) 0.33(0.91) 

1. 0( 1. 22) 1.67( 1.47) 

0.67( 1.08) 2.0(1.58) 

2. 68( 1. 78) 1.0( 1.22) 

3 . 33( 1. 96) 2.0(1.58) 

1.67( 1.47) 1.00(1.22) 

------------------------------------------------------------
The figures in the brackets are transformed data using Sq. 

Root x + 0.5. 
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Appendix 2. Mean number of Maruca larvae/plant when cowpea cultivars were 

with maize (short rains in pure stands and when intercropped 

1987). 

----------------------------------------------------------------~----------

Replicates 

I 

II 

III 

mean 

________ _cz:apping... ______ .s;)l'.s.t.~.e .... m~s..._ ______________ _ 

Tvu 946 pure 

0.38 (0.94) 

0.38 (0.94) 

2.13 ( 1.62) 

0.96 ( 1.67) 

TVU 946 c/m 

0.5 (1.0) 

0.38 (0.94) 

0.13 (0.79) 

0.34 (0.91) 

ICT2 pure 

0.38 (0.94) 

2.0 (1.58) 

2.0 (1.58) 

1.46 ( 1.37) 

ICV2 c/m 

0. 75 (1.12) 

1.5 (1.41) 

1.88( 1.54) 

1.38 (1.36) 

---»------------------------------------------------------------------------- -
Figures in the brackets are transformed means using Sq Root x + 0.5. 
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Appendix 2. cont. 

Analysis of variance table 

source Df 88 ms F 

Cropping system( a) 1 0.40 0.40 1.56 

Variety(b) 1 1. 72 1. 72 6.64* 

Blocks 2 0.24 0.12 0.46NS 

a VS b 1 0.15 1.15 0.60NS 

Error 6 1.55 0 . 26. 

Total 11 4.06 

CV = 8.47 SE :f: 0.51 

*-- Denotes eignif icance at p = 0.05 

NS denot es not significant at p = 0.05 
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Appendix 3. Incidence of IJaruca larvae/plant when cowpea cultivars 

were in pure stands and when intercropped with maize (long 

rains 1988) . 

--------------------------------------------------------------....:~------------- - - ----
Days interval _____ G.copping__ ... _ .. . .8ll.8t,cw.----------

TVU 946 pure TVU 946 c/m ICV2 pure ICV2 c/m 

1 0 (0. 71) 0 (0. 71) 0 (0. 71) 0 (0. 71) 

4 0 (0 . 71) 0 (0. 71) 0 (0. 71) 0 (0. 71) 

8 0.25 (0 .87) 0.25 (0.87) 0.5 ( 1.0) 6.0 (2.55) 

12 2.0 ( 1. 58) 2.0 ( 1. 58) 3.25 ( 1. 94) 5.75 (2.50) 

16 13.25 (3.71) 12.75 (3.64) 12.75 (3.64) 17.5 (4.24) 

20 20 . 25 (4.56) 16.25 (3.57) 18.25 (4.33) 26.0 (5.15) 

24 19.25 ( l. 50) 9.00 (3.08) 20.0 (4.53) 15.0 (3.94) 

28 l. 75 ( 1. 50) 0 (0. 71) 5.75 (2.50) 4.75 (2.29) 

Figures in brackets are transformed data using Sq. Root x + 0.5 

transformation. 



Appendix 4. 

Replicates 

I 

II 

III 

IV 
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Mean number of llarvca larvae/plant 

were in pure stands and when intercropped 

rains 1988) . 

when cowpea cul t.i vars 

with maize (long 

---·-.. ·-···· ... ·---······----··-.. ·----....... __ .. ___ .c;rop.ping ............ ay.Bt......., __________ _ 

TVU 946 pure TVU946 c/m ICV2 pure ICV2 c/m 

7.3 (2.88) 3.58 (2.14) 5 . 67 (2.58) 5.25 (2 . 50) 

3.92 (2.22) 1.83 (1.68) 4.58 (2.36) 7.08 (2.84) 

5.58 (2.57) 5.67 (2.58) 6.00 (2.65) 6.75 (2.78) 

2.25 ( 1.80) 3.00 (2.0) 3.92 (2.22) 5.17 (2.48) 

----------------------------------------------------------------------------- - - -- -- .. 

Means 4.76 (2.37) 3.52 (2.1) 5.04 (2 . 45) 6.06 (2.65) 

---------------------------------------------------------------------------- --- - --
Figures in the brackets are transformed means using Sq. Root x + 1 

transformation. 

... 



Appendix 4 cont. 

Analysis of variance table 

Source Df BS 

Cropping syatem(a) 1 

1 

3 

1 

9 

0.005 

0.403 

0.667 

0.216 

0.621 

· Varieties (b) 

Blocks 

a VS b 

Error 

Total 

CV = 22.81 

* -- Denotes 

NS -- Denotes 

15 1.913 

SE ±. 0.67 

significance at p = 0.05 

not significant at p = 0.05. 

214 

ms 

0.005 

0.403 

0.222 

0.216 

0.069 

F 

0.07NS 

5.84* 

3.22NS 

3.13NS 
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Appendix 5. Incidence of Jlaruca larvae/plant when cowpea cul ti vars were 

in pure stands and when intercropped with maize (short 

rains 1988) . 

Days interval cz:apping _.syatRm 

TV1J.._g_4.6_ ..... pura_ .. ___ .-1'..VII 946 C,LM. I c:l2_.pura.__LC'il2-C,tl1.. 

1 1.25 (1.17) 0 (0. 71) 1.25 (1.17 ) 0.29 (0.88) 

4 0 (0. 71) 0.2 (0.88) 0.2 (0.88) 1.3 ( 1.18) 

8 0 (0. 71) 0.(0.71) 0.2 (0 .88) 0 (0. 71) 

12 0 (0.71) 0 (0. 71) 0 (0. 71) 0 (0. 71) 

Figures i n brackets are transformed means using ../'" x + 0.5. 
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Appendix 6. Mean number of 11aruca larvae/plant when cowpea cultivara 

were in pure stands and when intercropped with maize 

(short rains 1988) . 

--------------------------------------------------------~--~--------------

Replicates 

I 

II 

III 

Means 

--·······-·-·---·---·--·---·--·-··-··-·-····-Cr.app.ing_ ____ ays.t ... e .... m._ ________ ___ _ 

TVU.. ___ 94fi __ pur.e _________________ 1'VU. _____ 94fi_ __ C/.M... ___________ _rcv2 ____ pure ____________ IC.V.2_...CA1.. 

2.64 2.13 4 . 58 2.64 

2.13 2.13 3.00 2.13 

3.00 2.64 2 . 64 2.13 

2.59 2.30 3.40 2 . 30 

Data transformed using .../ x + 0. 5 
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Appendix 6 cont. 

Analysis of variance table. 

Source OF SS MS F 

-------------------------------------------------------------------------
Cropping system( a) 1 1.44 1.44 4.42 NS 

varieti es (b) 1 0.49 0.49 1.50 NS 

Blocks 2 0 . 84 0.42 1.29 NS 

a VB b 1 0.49 0.49 1.50 NS 

Error 6 1.97 0.33 

Total 11 5.25 

OJ = 21.63 SE i: 0.57. 
NS - Denotes not significant at p = 0.05. 



Appendix 7 . 

Replicates 

218 

Mean number of pods/plant at harvest when cowpea cultiva.ra 

were in pure stands and when intercropped 

( short rains 1987) . 

Crnnnin~ avat em 

with maize 

TVU 946 pure TVU 946 c/m ICV2 pure ICV2 c/m 

------------------------------------------------------------------------------- ----
I 

II 

III 

means 

11. 13 ( 3 . 41) 

21. 77 ( 4. 72) 

17.63 (4.25) 

16 . 84 (4.13) 

4.20 (2.17) 

3.64 (2.03) 

18.22 (4 . 33) 

8.69 ( 2.84) 

16. 11 ( 4. 08) 

15.13 (3.95) 

9. 36 (3.14) 

13 . 53 ( 3. 72) 

10.77(3. 36) 

13. 14 (3.69) 

9 .09 (3.09) 

11.00 (3 . 38) 

Figures in the brackets are transformed means using Sq.Root x + 0.5 transformation. 



219 

Appendix 7 cont. 

Analysis of variance table 

----------~--·--------------------------------------------------------------

source 

Cropping eyetem(a) 

Varietiee(b) 

Blocks 

a VB b 

Error 

Total 

1 

1 

2 

1 

6 

Of 

11 

BB 

1.98 

0.01 

0.04 

0.60 

4.46 

7.57 

me 

1.98 

0.01 

0.22 

0.60 

0.74 

--«------------------------------------------------------------------------
c::v = 24. 52 SE ±. 0.86 

NS. Denotes not significant at p = 0.05. 

F 

2.67ne 

0.002NS 

0.29NS 

0.89NS 



Appendix 8. 

Replicates 

I 

II 

III 

IV 

220 

Mean number of pads/plant at harvest when cowpea cultivars · 

were in pure stands and when intercropped with maize(long 

rains 1988). 

··--···-··---·--··--------·----·-.cr.app.ing__....syat ........ __________ _ 

TVlL ..... 94.6_.pur.e _____ ·-···TVIJ__9Afi_C,LM. ____ . __ . .illl2-..pure. ICV2 C/M 

14.08 3 . 94 4.03 2.40 

10.49 

18.90 

11.02 

3.75 

9.64 

2.78 

8.17 

10.48 

3.73 

17.33 

5.21 

3.99 

--------------------------------------------------------------------------------
Means 13.62 5 . 03 6.60 7.23 
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Append ix 8 cont. 

Analysis of variance table . 

Source 

Cropping system(a) 

Variety(b) 

Blocks 

a V8 b 

Error 

Total 

CV = 50.64 

SE +. 2.02 

Of 

1 

1 

3 

l 

9 

15 

S8 

63.44 

23.18 

93.84 

85 . 10 

152.22 

417.79 

ma 

63.44 

23.18 

31.28 

85.10 

16.91 

NS - Not significant at p = 0 . 05 

* - Significant at p = 0.05 

F 

3. 75NS ' 

1.37NS 

1.85NS 

5.03* 

x 



Appendix 

Replicates 

I 

II 

III 

Means 

9. 

222 

Mean number of pods/plant when'."-!fr cowpea. cultivars were 

in pure stands and when intercropped with maize (short 

rains 1988) . 

--·--------··----Cr.opping__..Blls.t,........_ ____________ _ 

TillL ... 94.6...._ .. pur.e. ________ .. _TVU __ .9.46 C/M ________ lCY2..__.~e-··-·-····---·J..CV2__c,,_..;mu.__ 

24.7 

19 . 4 

21.8 

21.9 

27.6 

11.0 

19.2 

19.27 

21.8 

22.8 

23.3 

22.3 

17.8 

15.2 

24.4 

19.13 
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Appendix 9 cont . 

Analysis of variance table. 

Source DF SS MS F 

-------------------------------------------------------------------------
Croppi:.1g system (a) 1 25.81 25.81 1.30 NS 

Variety (b) 1 0.03 0.03 0.00 NS 

Blocks 2 78.53 39.27 1.98 NS 

a VB b 1 0.16 0.16 0.01 NS 

Error 6 118.83 19 . 80 

Total 11 223 . 37 

CT=21.53. SE±0.47. 
NS - Denotes not significant at p = 0.05. 
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224 

Mean percentage number of pode with borer damage symptoms 

(% of the total number of pods/plant) when cowpea cultivare 

were in pure stands and when intercropped 

(short rains 1987) . 

with maize 

-------------------------------------------------------------------------------------.-
Replicates - .. --... ---·---·---.Cr.opp.ing__alls.t,""""' ___________ _ 

TVU 946 pure TVU 946 c/m I CV2 pure ICV2 c/m 

-------------------------------------------------------------------------------------
I 

II 

III 

14.43 

16.79 

19 .68 

( 1.19) 

( 1.25) 

( 1.32) 

21.19 (1.35) 

23. 18 ( 1. 38) 

3.86 (0.69) 

13.77 

17.87 

30.88 

(1.17) 

( 1.28) 

( 1.50) 

19.03 

20.21 

23.21 

(1.30) 

( 1.33) 

(1.38) 

----------------------------------------------------------------------------------- --
Means 16.97 (1.25) 16.08 ( 1.14) 20. 84 ( 1. 32) 23.21 (1.34) 

Figures in the bracket s are transformed means using Log x + 1 transformation. 



Appendix 10 cont. 

Analysis of variance table. 

Source Of 

Cropping syatem(a) 1 

Varietiee(b) 

Blocks 

a VB b 

Error 

Total 

CV = 19.32 .. 

1 

2 

1 

6 

11 

SE ±. 0.24 

NS Denots not aignif icant 

88 

0 .01 

0.05 

0 .02 

0.01 

0 . 35 

0.44 

at p = 0.05. 

225 

ma F 

0.01 O. llNS 

0.05 0.85NS 

0.01 0.13NS 

0.01 0.22NS 

0 .06 



Appendix 11. 

Replicates 

1 

II 

II I 

IV 

Means 

226 

Hean number of pods/plant with borer damage symptoma 

(expressed as a % of pods/plant) when cowpea cul tivare 

were in pure stands and when intercropped with maize 

(long rains 1966). 

----····---- Cropp1ns _sy_a_tp.111 

TVlL .. 9.46. .... piire TVlL.946 CIM JCVZ C/M ICV2 pure_ 

67.93 (69.67) 54.62 (47 . 77) 51.36 (45.78) 68.75(56.01) 

43.76 (41.42) 65.87 (54.25) 52.63 (46.51) 43.76 ( 41.42) 

43 .92 (41.51) 51.66 (45.95) 49.53 (44.73) 56.81 (48 .91) 

56.17 (48.54) 39 . 21 (38.77) 48.26 (44.00 ) 65.16 (53.82) 

(50.29) (46 . 69) (45 . 26) (50 .04) 

Figures in the brackets are transformed means using Arcsine transformation. 



Appendix 11 cont . 

Analysis of variance table 

Source 

Cropping aystem(a) 

Variety (b) 

Blocks 

a VB b 

Error 

Of 

1 

1 

3 

1 

9 

DI = 16. 13. SK ±. 2. 78. 

88 

70.31 

2.81 

244.4 

1.40 

540.78 

NS - Not significant at p = 0. 05. 

227 

Ms 

70.31 

2.81 

81.48 

1.40 

60.09 

F 

1.17 NS 

0.05 NS 

1.36Na 

0.02 NS 
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Appendix 12 Relationship between the number of llaruca larvae/plant 

and pods with damage symptoms (short rains 1987). 

Jfaruca larvae/plant % No. of damaged pods 

0.94 22.33 

0 .94 24.18 

1.62 26.33 

1.00 27.41 

0.94 28.78 

0.79 11.33 

0.94 21.78 

1.58 25.01 

1.58 33 . 76 

1.12 25.85 

1.41 26.72 
1.54 28.80 
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Appendix 13 Relationship between the number of /laruca. larvae/plant 

and pods with damage symptoms ( long rains 1988) . 

Han'lmf 1 arvae/pl ant. S No of-damaged pods 

2.88 

2.22 

2 .57 

1.80 

2.14 

1.68 

2.58 

2.00 

2.58 

2.36 

2.65 

2.22 

2.50 

2.84 

2.76 
2.48 

69.67 

41.42 

41.51 

48.54 

47.77 

54.25 

45.95 

38.77 

56.01 

41.42 

48.91 

53 .82 

45.78 

46.51 

44.73 
1&4.00 

::V> 
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Appendix 14 Mean weight in grams/plant of damaged cowpea . grains when in 

pure stand and when intercropped with maize {long rains 1988). 

Replicates -·· _Gropping fll.'.atAm 

T.'ill.l_9_4fi_pi1re TV!L9.4.6_ . .CAL ICY2-...... C/M ICV2 p>re 

I 0.66 0.36 0.50 0.37 

II 0.43 0.33 0. 44 0 . 53 . 

III 0.63 0.48 0.47 0.59 

IV 0.33 0.32 0 .52 0.64 

Means 0.51 0.37 0.48 0.53 
---------------------------------------------------------------------------.--- - ..... 
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Appendix 14 cont. 

Analysis of variance table. 

-----~---------------------------------------------------------------------

Source DF SS MS F 

---------------------------------------------------------------------------
Cropping system( a) 1 0.03 0.03 2.80 NS 

Varieties (b) 1 0.02 0.02 1.28 NS 

Blocks 3 0.02 0.01 0.68 NS 

a va b 1 0.01 0.01 0.74 NS 

Error 9 0.11 0.74 

Total 15 0.19 

CV = 23.34 SK ±. 0.11 
NS - Not significant at p = 0.05 . 



Appendix 15. 

Daya interval 

1 

4 

8 

12 

16 

20 

232 

Incidence of flowerbud thrips population/plant when 

cowpea cultivars were in pure etande and when intercropped 

with maize (short rains 1987). 

-···-·--.. --·-·--.. -·-··········-·-··-····-···-··-··-···--··cropping ..... -8llS.tem. ___________ _ 

Tvu 946 pure TVU 946 c/m ICV2 pure ICV2 c/m 

1.67 ( 1.47) 3.51 (2.00) 3.45 ( 1.99) 2.0 ( 1. 98) 

4.88 (2.32) 4.29(2.19) 5.92 (2. 53) 5.96 (2.54) 

6.42 (2.63) 7.59 (2.84) 4.96 (2.34) 6.04 (2.56) 

13.75 (3 . 77 ) 7.92 (2.90) 9.51 (3.16) 11.04 (3.39) 

5.29 (2.41) 2.05 ( 1. 64) 8.51 (3.00) 8 . 0 (2.92) 

2.24 ( 1.66) 1.00 (1.22) 8 .92 (3.07) 6.41 (2.63) 

---------------------------------------------------------------------------- - -- ...... - -
Figures in the brackets are transformed means using Sq Root x + 0.5 

transformation . 
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Appendix 16. Mean number of .flowerbud thrips/plant l-lhen cowpea. cultivare 

were in ~ stands and when intercropped with maize 

(short rains 1987). 

---------------------------------------------------------------------------... - - --
Replicates ·~~~--~~c.._rapping s~stem 

TVU 946 pure TVU 946 c/m ICV2 pure ICV2 c/m 

------------------------------------------------------------------------------------
I 30 . 01 (5.52) 32.01 (5 . 70) 35.38(5~99) 45.38 (6.77) 

II 30.38 (5.56) 27.0 (5.24) 42.38 (6.55) 35.5 (6.00) 

III 44.38 (6.69) 25.0 (5.05) 46.01 (6.82) 37.51 (6.17) 

----------------------------------------------------------------------------- - - -
mean 34.92 (5.92) 28.00 (5.33) 41.25 (6.45) 39.46 (6.31) 

------------------------------------------------------------------------------ - - - -
Figures in brackets are means transformed using Sq Root x + 0. 5 transformation 
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Appendix 16 cont. 

Analysis of variance table 

-----------~----------~--------------------------------------------------------

Source 

cropping system(a) 

Variety(b) 

blocks 

a vs b 

error 

Total 

Of 

1 

1 

2 

1 

6 

11 

88 

0.40 

1. 71 

0.24 

0.15 

1.55 

4.06 

ma 

0.40 

1. 71 

0.12 

0.15 

0.25 

F 

1.56Na 

6.64* 

0.40NS 

0.60NS 

---------------------------------------------------------------------------- -- -.. 
CT = 8.47 SR :t 0. 61 

* Denotes significance at p = 0.05 

NS denotes non significance at p = 0.05 
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Appendix 17. Incidence of flowerbud thrips when cowpea cultivars 

were in pure stands a.rid when intercropped 

(Long rains 1988). 

with maize 

Days interval --- -----··- -···-· .. -······ ____ __ .cropping._ .. ...eyat .... em..._. ____ _ 

_ __ TYU ....... B.4.6 .. -.... pure ......... - .... TVU9.4.6 ..... -C/11 ... -.. ··--······ICY2 ....... .pure ........ ·······-····· ...... -1-CY2 .... _C/11 .. 

1 0.63 0.08 0.33 0 . 88 

4 1.63 1.67 0 . 75 1.25 

e 1.81 1.89 1.58 1.48 

12 1.83 1.52 2.25 3.67 

16 2.17 2.00 2.54 1.99 

20 1.15 0.92 1.89 0.85 

~ ·~ -·--··- -

ngurP.S transformed using (x+0.5 transformation 



Appendix 18 

Re.r•licates 

I 

II 

III 

IV 

He ans 

236 

Hean number of flowerbud thrips/plant when cowpea cul ti vars 

were in pure stands and when intercropped 

rains 1988). 

--· .... ............ .. .. .... ... ·--·- .. --· .. c:ropping ______ .sy stem.. ... 

TVU ___ 9.46 ....... Pure._ ....... .. .. TVU ..... .946_ .. C,IM . ..... . -1.CV2 .. .pure 

with maize (long 

. . ..... . ____ .. lCV.2 ........ C/l:l. . 

10.0 (3.24) 8.7 (3.04) 11 . 25 ( 3. 4;·1) 1.58 ( 1. 44) 

5.67 (2.48) 7.92 (2.90) 7.75 (2.8'/) 10.17 (3.27) 

13.5 (3.74) 10.33 (3.29) 9.33 ( 3. 14) 12.5 (3.61) 

6.25 (2.59) 5.33 (2.41) 5.08 (2.36) 12.83 (3.65) 

(2.89) (2.91) (2.95) (2.96) 

Figures in the brackets are transformed means using {x+0.5 transformation. 
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Appendix 18 cont. 

Analysis of variance table 

Source . ....... .... ..... ···-···························--·········Df. •...... -··························--·········--··-··--···-···-··-as .................... ............... -······· ····-··-······-··ma.... . ···· ········-······-·-···············F _ __ _ 

Cropping system( a) 1 

Variety(b) 1 

Blocks 3 

.;\ vs b 1 

Error 9 

0 .004 

0 .001 

1.257 

0.02 

4.119 

0.004 

0.001 

0.419 

0.02 

0.457 

O.OlNS 

0 . 002NS 

0.92 NS 

0.05 NS 

- -----------------------------------------------------------------~--------

T• )tal 15 5.401 

IV = 22.81 SE :t 0 . 68 NS- Not significant at P = 0.05 
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Appencl-ix 19. Incidence of flowerbud thripa/plant when cm-rpea cul ti vars 

were in pure stands and when intercrop'Pf'd with maize 

(short rains 1988) . 

D-3.ys interval --····---··-·····-···-····-···--·········Cropping .......... aystem '----------------·······--·····--·-·--
TVU ... 946 . . pure ... .... .. .. ... . .TVU ...... 94.6 C/t1 ........................ ICV2 .. pure .......... ICV2 ...... C/M.._ 

1 

7 

14 

21 

0 (0.71) 

1.66 (1.46) 

20. 7 ( 4. 60) 

0 (0.71) 

0 (0. 71) 

2. 67 ( 1. 78) 

4.73 (2.29) 

0 (0. 71) 

Figures in the brackets are transformed 

0 (0.71) 

1. 3 ( 1. ~14) 

22.57(4.80) 

0 (0.71) 

data using '{x +O. 5. 

0 (0.71) 

0. 7( 1.09) 

17. 76 (4.27) 

0 (0.71) 



Appendi.x 20. 

Replicates 

I 

II 

l I I 

Means 

2 3 ') 

Mean number of flowerbud thrips/plant when cowpea 

cul ti vars were in pure stands and when intercropped 

with maize (short rains 1988). 

-·······----····-··-····-·-··--·-·-Cr.nppi.ng.. .. __ .ay.at ______________ _ 

TVU.. .. _ 946._._ pure. _________ ..... TVU ..... 946 ....... C;.11 ...... ________ .IC'l2 . .. pure. __ ..... .. ICV2 ____ .C/H. 

13. 6( L 16) 

29. 3 ( 1. 48.) 

24 . 2 ( 1. 40) 

( 1. 35) 

11.2 ( 1.08) 

4 .40 (0 . 73) 

6.60 (0.88) 

(0.89) 

30. 4 ( 1. 49) 

9 . 90 ( 1.04) 

31.3 (1.51) 

( 1.35) 

18.6(1.29) 

11.0 ( 1.08) 

25 .8 (1.43) 

( 1. 26) 

Figures in the brackets are t ransformed means using {x + 1 transformation . 
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Appendix 21a. Analysis of variance for the mean number of 11arvca 

larvae/plant sampled from the fourth ueek after 

emergence of cowpea cultivars when in pure stands 

and when intercropped with maize (short rains 1987). 

:)ource DF SS HS F 

~: . .::impl ing interval 6 1.49 0. ~~5 1.88 NS 

Cropping system 3 1.01 o. :34 2.53 NS 

Error 18 2.:39 0.13 

'l""Jta 1 27 4.88 

NS - Denotes not sirmificant at p = 0.05 



2 ,11 

APi:lf' nrli x 2lb. Lonf! r ains 1988. 

Source DF SS H<.: 
IJ F 

Samp} inf'! interval" 7 64.18 9.17 47.23* 

C:rop:r·inf! system .3 3.37 1.12 5.78* 

Error 21 4 .08 0.19 

TntaJ 31 71.62 

'+ - [JP.notes si~ificance at p = 0.05 . 



..... . "I 

J\pP':ndix 21c. Short rains 1988 . 

~~~ource OF SS HS F 

s~mplin~ inte rval 3 0.20 0.01 2.54 NS 

Cr oppini; system 3 0.05 0.02 O.o9 NS 

Errn r 8 0.24 0.03 

Tot..:i l 15 0.49 

ri:~; - Denote:::i not ai gni ficrint at p = 0.05 . 
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Appendix 22. 
<~ 

243 

Mean plant height in Qn/plant 

emergence when the cultivars 

. . ·~ 
~~. 

.. 
~~; ~~~:~ 

." 

'(. 
·1r, 
.. ~· .. 

;~: 
.... 
~ .:· 
~,,-

. ··: •• ~· i:;;t• 

at 40th day after oowpea· ~:;;; 
~;.. \~x·-· .. ·· -~i1: 

were in pure stands and :;,:;: , <;f; ,., . . ... 
~~ . 

"t• . ~; ; 

when intercropped with maize (short rains 1968). ' 

/ 
\ 

,. ' 
·' ·' ----~-------------------------------------------------------------------~ 

~ 

Repllcatea 

~· '·. 

1 

II 
I 

Ill 

Cronni na svstF•..m. 

TVIJ 946 pure TVU 946 C/H 

17.3 

20.35 

24.l 

14.3 

18.55 

16.35 

TCV2 nnre ICV2 CM 

33.0 

42.95 

43.87 

51.95 

47.25 

42.25 

--------------------------------------------------------------------------------
Means 20.58 16.07 39.94 47 . 15 

"f~ 
1'~ 

·~,~~ 
·····'. ..... ,:: 

'" 
,:· 

-:'.k' 

, ' 
/.< 

,· 
'-;: 
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Appendix 22 cont. 

Analysis of variance Table. 

--------------------------------------------~---.--------------------------

Source DF SS MS 
___ ..._ ___________________________________________________________________ _ 

Cropp:!ng system (a) 1 16.52 

Variety (b) 

Blocks 

a V8 b 

Error 

Total 

(;-/ = 15. 38. 

* - Denotes 
NS - Denotes 

1 

2 

1 

6 

11 

SE ± 0.93. 

significance at p = 0.05. 

1759.82 

7.38 

70.95 

146.25 

1994.93 

not significant at p = 0.05. 

16.52 

1759.82 

3.69 

70.95 

23.37 

F 

0.71 NS 

75.29* 

0.16 NS 

3.03 NS 

·:;. 

!, 

J· 
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Appendix 23. . MelUl number of branches/plant at 40 days after emergence 

Replicates 

I 

II 

III 

Means 

when cowpea cultivara were in pure stands and when 

intercropped with maize (short rains 1988) . 

-Cropping sy~sctt~emml-.~~~~~~~~~~~~~~~--

TillL-946_..pur.a_ _ __ TillL..946._C/M IQ{2 1;ure ICV2 CIH 

9.4 

11. 7 

10.5 

7.27 

8.4 

5.9 

7.5 

7.6 

11. 7 

7.1 

8.7 

9.17 

5.4 

5.3 

6.3 

5.67 
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Appendix 23 cont. 

Analysis of variance table. 

----~--------------------------------------------------------------------

Source OF SS MS F 

--------------------------------------------------------------------------
Cropping system( a) 1 0.04 0.04 0.02 NS 

Variety (b) 1 6.60 6.60 2. 77 NS 

Blocks 2 3.05 1.52 0.64 NS 

a vs b 1 34.34 34.34• 14.39* 

Error 6 14.32 2.39 

Total 11 58.34 

CV = 18.93 SK ± 0. 75. 

* - Denotes significance at p = 0 .05. 
NS - Denotes not significant . at p = 0.05. 



Appendix 

Replicates 

I 

II 

III 

247 

24. Mean pod length in On/plant at 40 days after emerg~n~ 

of cowpea cultivara when in pure stands and interc~PPed 

-with maize (short raims 1966) . 

---_ __cropping systetn, 

TVlLJM.6_.pure ..1.Yl.l_9.46 C,IM 

7.15 

7.50 

10.9 

9.25 

17.6 

10.2 

ICV2 pure ICV2 C/tl 

10.35 

13.0 

14.1 

10.01 

9.2 

12.3 

------------------------------------------------------------------~-----
Means 12.43 6.52 12 . 48 10.05 
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Appendix 24 cont . 

Analysis of variance table. 

Source Df SS Ms F 

-------------------------------------------------------------------------
Cropping Systems( a) 1 25.35 25.34 3.45 NS 

Varieties (b) 1 3.37 3.37 0.46 NS 

Blocks 2 18.87 9.44 1.26 NS 

a VB b 1 2.58 2.58 0.35 NS 

Error 6 44.11 7.35 

Total 11 94.27 

CT = 24. 73 SE :t: 0. 53. 
NS - Denotes not significant at p = 0.05. 
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·: .' 

Appemlix 25. Mean peduncle length in Cm/plant at 40th day after ~a 
:t~ :;\'·. .i . 

emergence when the cul ti vars were in i;ure stands and~ -~~trhen 
·w· -~~ . intercropped 

:.-
l 

with maize . (short rains 
' ' 

1988) . 
:··-···: 

i ~ :· ·~·. 

--------------------------------------------------------------------------
Replicates 

I 

II 

III 

Means 

Tilll_9_46 p1re 

24.2 

21. 7 

30.6 

25.5 

I 
'-... ~ 

Cronnina _._AVAt.Am 

'l'Vll___g_~JM . . -~I~a__ ICV2 CIM 

31.6 

34.5 

40 . 0 

35.37 

19.1 

27.f3 

26.8 

25.5 

29.9 

26.1 

28.4 

28.13 

· ' 
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,-, 

Appendix 25 cont. 

Analysis of variance table. 

--------------------------------------------~------------------------------

source OF SS MS . F 

--------------------------------------------~-----------------------------

' 1-· •·: 

:'• 
, .. l.'i 
.·. ":l· 

! ·~· 
.•" 

Cropping system( a) 1 135.34 135.34 11.35* 

Variety (b) 1 50.02 50.02 4.19 NS 

Blocks 2 59.63 29.81 2.50 NS 

a vs b 1 29.77 29.77 2.50 NS 
• 

Error 6 71.57 11.92 

Total 11 346.33 

CV = 12.16 SE ± 0. 79 

* - denotes significance at p = 0. 05 
NS - denotes not signi ficant at p = 0.05. 

l 
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Appendix 26. 

251 

r• 
/ -

1-\ 

'-~1 , __ : 

Mean number ofcowpea leaves/plant at 40 days after ;~. · ' 
~ ~ 

after emergence when Cowpea cultivars were in pure i,;, 
1:4 

·:· 

stands and when interoropped with ma.ize (short raiU ·cJ 

1988). 
~ ":-

'!~ 

------------------------------------------------------------------------
Replicates 

I 

II 

III 

Cronnirur_ -~AvRt.em 

TVJJ 946 p1m TVIJ 946 C/M TCV2....._pure ICV2 CIH 

29.8 

18.1 

25.5 

36.0 

10.6 

20.8 

40.3 

27. 6 
" 

30.3 

18.1 

17.7 

18.7 

---------------------------------------~-------------------------------

Means 24.5 22.5 32.73 18.17 

;_\ 
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Appendix 26. cont. 

Analysis of variance table 

252 

y: 

·]. 

.•:1 

' ·~~ 'f'5 
:~· ~~"~ 

~::. '..J-~·r 
•;,)' •• i. 

--------------------------------------------------------------------------
Source 

Cropping system (a) 

Variety (b) 

Blocks 

a VB b 

Error 

Total 

OI = 21. 73 

SE :i. 5.31 

DF 

1 

1 

2 

1 

6 

11 

SS 

118.44 

11.80 

317.41 

205.84 

169.42 

822.91 

* - Dtmotes significance at P = 0.05 
NS - Denotes Non Significance at p = 0.05. 

MS 

118.44 

11.80 

158.71 

205.84 

28.24 

F 

4. 19 NS 

0.42 NS ' 

5.62* 

7.29* 
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Replicates 

I 

II 

III 

IV 

Means 

27. 

253 
..... _. 

··~~ -· : ' , 
;.: -·. '. i. 

Mean number of stems/row with llaruca _ larvae damqtf __ symptoms 

when cowpea cul ti vars were in pure s t ands and :; ~hen ... :· 

intercropped with maize (screen cage) . 

I 

~~~-·-~~~~~C ..... r.apping 8¥.~s~t~ewm..._~~~~~~~~~~~~~~-

TillJ 946 :p,ire _____ _.T.\llj__ 946 C/M 10l2. .. - . ..pure ICV2 ·c,M 

5.13 

4.16 

2.13 

5. 18 

4. 59 

\ 

5.03 

4.41 

3.77 

4.33 

3 . 93 

5.68 

3.00 

2.64 

6.88 

5.76 

4.70 

6.25 

5.28 

B.10 

4.86 

•• 



Appendix 27 cont. 

Analysis of variance table. 

., 

,. 
I_•, 

254 

--------------------------------------------~------------------------------

Source DF SS MS F 

..!} 
r,. 
:\! 
-~-. ·.>!; 

i~~-l 

'}! 
.. >' 

:;· .. ~. 
' :;.'4 

:-~;·; 
·:~ · 

'i'~.;-

Cropping system (a) 1 3.12 3.12 2.52 :i NS 
. ; ~~-

Variety (b) 1 4.39 4.39 3.55 

Blocks 3 15.16 5.05 4.08* 

a VB b 1 1.68 1.68 1.36 

Error 9 11.15 1.23 

---------------------------------------------·---------------------------
Total 15 35.52 

---------------------------------------------------------------------------
CV = 23.23. SE ± 0.68 

* - Denotes significance at p = 0.05 
NS - denotes not significant at p = 0.05. 

/-

l i --.._1 

NS 

NS 

•• 
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Appendix 29. Mean number of pods/~ with 
., 

harvest when cowpea .1cultivar1 

when intercropped with maize 

IJaruca damage 

~ere in p.ire 

(screen cage) • 

·.; . 

'· 

' 

" 
symptoms~ at 

';.r ;~!:~ 

stands : : and 
.;\: 

-------------------------------------------~--------------~----------------

Replicates Cropping - ftYAt.Am 

T.VJJ 946 _pl.ll!A 'T'Vtl 946 r.JH • 10l2., _ _pur.a_ T C\1?_ ,_J~/M 

I 48.82 (7.02) 41.58 (6 .49) 63.75(8.02) 43.84(6.64) 

II 43.28 (6.62) 0 (0. 71) 3.69 (2.05) 0 (0 . 71) 

III 43.26 (6.62) 41.04 {6.45) 46.51 (6.86) 50.47 (7.14) 

IV 48.08 (6.96) 0 (0. 71) 55 .74 (7.49) 38. 48 (6.24) 

Means (6.81) (3.59) (6.11) (5.18) 
Figures in the bracket are transformed means using (x + 0.5 Transformation. 

\ 
'"-.. ' 
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.f 
Appendix 29 cont. 

·~~ 

Analysis of Variance table. 

Source OF SS MS 

--------------------------------------------~-------------~---------------

Cropping system (a) 

Variety (b) 

Blocks 

a vs b 

Error 

1 

1 

3 

1 

9 

16.75 

0.72 

50.92 

5.46 

31.83 

16.75 

0.72 

16.97 

5.46 

3.53 

---------------------------------------------------------------------------
Total 15 105.67 

---------------------------------------------------------------------------
Ol = 34 . 77. SR i 0.69 

* - Denotes significance at p = 0 . 05 
NS - Denotes not significant at p = 0 . 05. 

\.._ · 

; ~' , .: .. 
,.,~ ~ 

;1 .. .>: 

~· ,:\.~ 

:~· '~J 
.•• /! 

' 
4.74 ,NS 

0.20 NS 

4.80* 

1.54 NS 
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Appendix 300. Abundance of llaruca eggs/plant on cowpea cultivare when 

Days interval 

1 

4 

8 

12 

16 

20 

24 

28 

32 

36 

planted in pure stands and 

: (short rains 1987) • 

Cro'1PiDi system 

TVU 946 c/m TVU 946 pure 

0 (0.71) 0 (0.71) 

0 (0 . 71) 0 (0 . 71) 

0.04 (0.73) 0.08. (0.76) 

0.08 (0.76) 0.12 (0.79) 

19. 59 ( 4.48) 31.23 (5.63) 

24.71 (5.02) 51.96 (7 .24) 

27.25 (5.27) 51.13 (7 .18) 

24.17 (4.97) 46.47 (6.85) 

11 . 29 {3.43) 27 .33 {5.28) 

3. 76 (2.06 ) 10.88 (3.37) 

intercropped with maize 

ICV2 c/m ICV2 pure 

0.29 (0.89) 0. 71 (1.10) 

0.09 (0.77) 0.12 {0.79) 

0 (0.71) 0.17 (0.82) 

0.25 (0.87) 0 (0.71) 

58.51 (7 .68) 53.96 {7.38) 

60.63 (7.82) 54.84 (7.44) 

61.0 (7 .84) 84.79 {8.08) 

54.33 (7.40) 63.13 {7.98) 

37.13 (6.13) 38.88 (6.28) 

19.84 {4.51) 22.17 (4.76)-

Figures in the brackets are transformed data using Sq.Root x + 0.5 

_._-,,,r_. . 

. . ,, . 
~:.- ~· . . \ ·~· 
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Appendix 30 b Abundance of l!laruca eggs/ plant . when cowpea. cultivar11 

were in pire stands and . _ : intercropped with maize 

(long rains 1988). 

Daya interval Crnnnlno AvAt.Am. 

TVJJ 946 CIM TVll 946 pure ICV2 C/H JCV2 C/H . 

1 0 (0. 71) 0.08 (0.76) 0 (0. 71) 0.13 (0.79) 

4 0.05 (0.74) 0. 29 (0.89) 0.35(0.92) 0.61 (1.05) 

8 0.54 CL02) 0.58 ( 1.04) 1.58 ( 1.44) 1.35 (1.36) 

12 1.10 ( 1.26) 1.15 (1.28) 2.63 ( 1. 77) 2.25 (1.66) 

16 1. 15 ( 1.28) 2.63 (1. 77) 2.98 (1.88 ) 4.98 (2.34) 

----------------------------------------------------------------------- _. - - --....... --
Figures in the brackets are transformed means using < x + 0.5. 

' \ . .,__. 



Appendix 30(1. 

Days interval 

1 

4 

8 

12 

259 

Abundance of IJaruca eggs/plant when cowpea cultiva'.re:. 

were in pure stands and intercropped with maize 

( short rains 1988) . 

~~~~~~~_._C~r ...... apping 8}'Stem 

Tilll 946 pure TVII 946 CJM ·Ici12 pure ICV2 Cllf... 

2.00 

1.34 

1.17 

4.52 

1.81 

1.05 

1.57 

2.15 

2.81 

1.82 

2.43 

6.36 

2.66 

1.29 

1.91 

5.19 

-----------------------------------------------------------------------------
Data transformed using { x +0.5 transfomation. 

I 
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Appendix 31a. Analysis of variance for the , mean number of ,,..,..,. 

eggs/plant sampled from. the third week after emergence 

when cowpea cultivars were in pure stands and when 

Source 

Sampling interval 

Cropping system 

Error 

Total 

intercropped 

OF 

9 

3 

27 

39 

with maize(short 

SS 

296.04 

18.99 

12.45 

372.48 

rains 1987). 

. MS 

32.89 

6.33 

0.46 

F 

71.34* 

1373* 

--------------------------------------------------------------------------*- Denotes significance at p = 0.05 

( .. ~· 

• 



Appenndix 31b. Long rains 1988. 

Source DF 

Sampling interval 4 

Cropping system 3 

Error 12 

Total 19 

·* - Denotes signif~cance at p = 0 . 05. 

.. 

', 

261 • • • 

SS MS 
,, 

3.04 0.76 23.58* 

0.58 0.19 5.98* 

0. 39 0.03 

4.01 

\. 

~'. . 

'.i 
.1 . . · 
?·· 
i: -.. 
•· 
~~-~ . 
. •"i · 
•.'.:·· 

) 
·' ·· 

~ 

:;· 
·" ; 

,\ 

·' 



Appendix 31c. 

Source 

Sampl ing interval 

Cropping system 

Error 

Total 

Short rains 1988. 

OF 

3 

3 

9 

15 

* - Denotes significance at p = 0.05 

262 

SS 

6.38 

23.47 

10.41 

40.26 

NS - denotes not significant at p = 0.05. 

( 
'-r· 

..... ·:1. 

:: .. 

MS , · ... 
r 

\, 

2.13 1.84 NS -: 
' 

7.82 6.76* . 

1.16 

"• 



Appendix 32 . 

Replicates 

I 

II 

III 

Means 

263 

Mean number of J1aruca eggs/plant · when cowpea cultivare 

were i n J?Jr8 stands and when intercropped wit h maize 

(short ra.ins 1988) . 

Cronnirut AVAtRJD 

TVll 946 ~----Till.L-_946 C,1M ICV2 .. pure..___ ICV2 Cltl 

7.41 

11.83 

7 . 11 

8.78 

8.64 

5.45 

6.46 

6. 83 

12. 61 

14.88 

11.89 

13. 12 

11. 74 

12. 21· 

9.41 

11.14 
------------------------------------------------------------------------~-------



Appendix 32 cont. 

Analysis of variance table 

Source 

Cropping system(a) 

Variety (b) 

Blocks 

a VB b 

Error 

Total 

DF 

1 

1 

2 

1 

6 

11 

CV = 16.96. SB ~ 1.69. 

SS 

11.64 

56.16 

11.67 

0.001 

17.17 

96.64 

264 

* - [~motes significance at p = 0.05. 
NS - Denotes not significant at p = 0.05. 

HS 

11.64 

56.16 

5.83 

0.001 

2.86 

F. 

4.07NS 

19.63* 

2.04 NS 

O.OOOlNS 



265 

Appendix 34. Abundance of J1aruca eggs/plant a.t the edges and centres 

of cowpea plots when . cultivare were in pure etande and 

when intercropped with maize (screen cage). 

Days interval ppina qat.Am 

'.LW. 946 pure TVU 94.fL.CJH 
' ·--·--- ·.l.CTL. p1re ICV2 C/M. 

F.d1re cAntier Ed1re C'..Ant~ Edge Centre Rdge Centre..... 

1 0.72 0.69 0 . 62 0.76 0.90 0.84 1.29 1.27 

2 0.78 0.98 0.81 0.79 0.98 0.93 1.27 1.17 

3 0.78 1.19 0.94 1.15 1.12 0.93 1.02 1.18 

4 0.48 0.54 1.09 1.02 1.11 1.18 1.48 1.38 

5 0 . 74 0.76 1.06 0.98 1.16 1.18 1.37 1.37 

u 6 1.62 1.56 2.18 2.11 2.01 2.15 2.31 2.28 

7 2.01 1.97 2.26 2.23 2.17 2.19 2.28 2.09 

8 1.93 1.91 1. 71 1.59 1.81 1.99 2.09 1.99 

----------------------------------------------------------------------------------- --- ---
Data transformed using Log x + 1 Transformation. 

( 
\ .. 
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Appendix 35. Mean number of l1tuvca eggs/plant at the edge and cent~s of cowpea plots 

Rhen the cultiva.rs were in pire ' ~tanda and when intercropped with 

maize (screen cage) . 

----~--------------------------------------------------------------------------~--------

Replicates Cropping .831'.Atam 

TVJJ 946 r.JH TVll 94.fi._.p ire .--1CV2 p >re ICV2 r./M 
I • 

Edge .. _centre_ edge._ centre.... edge centre edge ~ent.re 

I 1.59 1.54 1.52 1.49 1.47 1.39 1.53 1.63 

II 0.63 0.91 1.49 1.42 1.57 1.51 1.07 1.02 

III 0.70 0.67 1.23 1.17 1.67 1.32 1.20 1.09 

IV 0 . 48 0.67 0.89 0.85 1.12 1.10 1.21 1.32 

Means 0.85 0.94 1.28 1.23 1.46 1.33 1.25 1.27 

Data transformed using log x + 1 transformation. 

~ \ 
1 · 
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Appendix 35 cont . 

Analysis of variance table. 

Source OF SS HS F 

-----------------------------------L---------------------------------------
Cropping system (a) 1 .0.48 0.48 10.59* 

Variety (b) 1 0.49 0.49 10.70* 

sample (c) 1 0.001 0.001 ·: 0.04 NS 

Blocks 3 1.34 0. 45 9.78* 

a vs b 1 0.09 0.09 2.15 NS 

b vs c 1 0.04 0.04 0.94 Ne 

Error 23 1.05 0.05 

Total 31 3.49 

CV = 17. 75. SE :t 0. 70. 

* - Denotes significance at p = 0.05. 
NS - Denotes not significant at p = 0.05 . 
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Appendix 39 ·· Mean temperatures, % relative humidity and sol&?' ttadiation 

in both pure and intercropped stands (short rains 1987) • 

--------------------------------------------------------------------------- ... 
weeks after DR!'AJDAt.ArA 

emergence tempaturea (oC;) % RH solar in Ange . /m2 

pure intercrop pure intercrop pure intercrop 

-----------------------------------------------------------+---------------
1 25 25 63 63 817 817 

2 22.5 22 80 76 817 817 

3 23.5 23 78 80 280 112.5 . 
4 27 24.5 71.5 75.5 930 200 

5 25 24.5 81 84 666.3 197.3 

6 28.5 26 66 67.5 1132 512 

7 26.5 25.5 76 84 618.5 460 

--------------------------------------------------------------------------
Means 25.5 24.25 75.58 77.83 740.6 383. 13 



Appendix 4t 

Weeks after 

emergence 

1 

2 

3 

4 

5 

6 

7 

8 
Means 

270 

Hean temperatures and % relative humidities fr01ll both pure 

and · intercropped cowpea s t ands (short rains 1988). 

··-·-·--E~ame:te~ 

Temperati>rea._ __ ___._.(..~)_ 

~ 

24 .93 

24.08 

21.77 

21.56 

24.14 

19.63 

20 .93 

21.07 
22.26 

~

, '\.. 

jntercropp 

24.93 

24.09 

21.27 

21.25 

20.71 

18.38 

16.61 

19.28 
21.07 

t:. Relative.. hnmidit.v 

~ intArrn""onn 

23.71 23.71 

25.71 25.72 

38.38 39.11 

47.61 50 . 13 

47 . 21 50 . 25 

49.09 47 . 46 

48.68 50.46 

44.32 46. 32 
40.59 41.65 
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Appendix 42. Incidence of C. partellua larvae or p.ipae/plant when maize 

was in pure stands and when intercropped with cowpea cultivara 

(short rains 1987). 

Week after germination crowine system 

ma.ize/l'VU 946 maize/ICV2 maize pure 

1 0.33 (0.91) 0.33 (0.91) 0.33 (0.91) 

2 1.67 ( 1.47) 3.67 (2.04) 0.33 (0.91) 

3 6.67 (2.68) 7.67 (2.86) 0.67 (1.08) 

4 1.33 ( 1.35) 4.00 (2 . 12) 2.33 (1.08) 

5 1.00 ( 1.22) 1.33 ( 1.35) 0 (0.71) 

6 0.67 (1.08) 0.67 (1.08) 0 (0 .71) 

7 1.67 (1.47) 0 .67 (1.08) 0 .33 (0 .91) 

8 1.00 ( 1.22) 1.00 (l.22) 1.67 ( 1.47) 

9 0.33 (0.91) 0. 67 (1.08) 1.00 ( 1.22) 

10 _0.67 (1.08) 1.33 ( 1.35) 0.67 ( 1.08) 

11 0.33 (0.91) 0 (0 . 71) 0.66 ( 1.08) 

12 0 (0.71) 0 .33 (0.91) 1.66 (1.47) 

Figures in the brackets are transformed data using Sq. Root x + 0.5 

transformation. 

' . .. .. 



Appendix 43. 

Replicates 

I 

II 

III 

Means 

272 

Mean number of C. partellus larvae or pupae/plant when maize 

was in pure stands and when intercropped 

(short 'rains 1987). 

·--- --------·--···--

maize/I'VU 946 

3.20 ( 1.92) 

4.2 (2.17) 

1.4 (1.38) 

2.93 ( 1.82) 

maize/ICV2 

4.2 (2.17) 

2.8 ( 1.82) 

5.6 (2.47) 

4.2 (2 . 15 ) 

with cowpea cultivars 

maize pure 

1.80 (1.52) 

2. 4 (1. 70) 

1.4 (1.38) 

1.87 (1.53) 

Figures in the brackets are transformed means using Sq. Root x + 1 

transformation. 

/ 

.. 



273 

Appendix 43 cont. 

Analysis of Variance table 

---------------------------------------------------------------------------
source 

Replicates 

Treatments 

Error 

Total 

CV = 20.17 

Of 

2 

2 

4 

8 

SK ±. 0.37 

NS Denotes not significant 

BB 

3.69 

2.87 

2.61 

9.17 

at p = 0.05 

ms 

1.84 

1.44 

0.65 

F 

2.82NS 

2.20NS 
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Appendix 44. Incidence of H. arwi.IJ'Sra larvae/plant when ma i ze was in 

pure stands and when intercropped with cowpea 

(short rains 1987) 

Weeks after emergence ____________ crapping a')Cat~m 

maize/TVU 946 maize/ICV2 maize pure 

---------------------------------------------------------------------------
1 0 (0. 7t) 0 (0.71) 0 (0. 71) 

2 0 (0. 71) 0 (0. 71) 0 (0. 71) 

3 0 (0. 71) 0 (0 . 71~ 0 (0 . 71) 

4 0 (0.71) 0 (0. 71) 0 (0. 71) 

5 0 (0. 71) 0 (0. 71) 0 (0. 71) 

6 0 (0 . 71) 0 (0 . 71) 0 (0. 71) 

7 0 (0. 71) 0 (0. 71) 0 (0. 71) 

8 0 (0. 71) 0.66 ( 1.08 ) 1.0 ( 1.22) 

9 . 0 (0. 71) 0 (0.71) 2 . 0 ( 1.58) 

10 0 (0. 71) 0 (0. 71) 0 (0. 71) 

Figures in the brackets are transformed data using Sq. Root x + 0.5 

transformation. 



' 
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Appendix 45. 

Replicates 

I 

II 

III 

275 

Mean number of H. azwjgere larvae/plant when maize wu in 

pure stands when intercropped with cowpea (short 

raine 1987) • 

maize/l'VU 946 

0 (0. 71) 

0.4 (0.95) 

0 (0. 71) 

Cronnin~ evetAm 

maize/ICV2 

0.4 (0.95) 

0 (0. 71) 

0 (0. 71) 

maize pure 

0 .8 (1.14) 

0.4 (0.95) 

0 (0. 71) 

---------------------------------------------------------------------------] 
Means 0.13 (0. 79) 0 . 13 ( 0. 79). 0.4 (0.93) 

' ' 

Figures in the brackets are transformed means using Sq. Root x + 0.5 

transf :>rmation. 

, ... .. , 
I 

~ .. 





Appendix 45 cont. 

Analysis of variance table 

Source 

Treatments 

Replicates 

Error 

Total 

CV = 12.41 

Of 

2 

2 

4 

8 

SK ±. 0.11 

NS- Denotes not significant 

BB 

0.06 

0.09 

0.03 

0.81 

276 

at p = 0.05. 

ms 

0.03 

0.04 

0.01 

F 

2.72NS 

4.34NS 
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Appendix 46. Incidence of K. sa.ccbariaa. larvae or pupae/plant when 

maize was in pure stand.a and when intercropped with cowpea.a 

(short rains 1987). 

Weeks after emergence crap_pj Dfi ayatem 

maize/l'VU 946 maize/ICV2 maize pure 

1 0 (0.71) 0 (0.71) 0 (0.71) 

2 0 (0. 71) 0 (0.71) 0 (0.71) 

3 0 (0 . 71) 0 (0 . 71) 0 (0.71) 

4 0 (0.71) 0 (0.71) 0 (0.71) 

:> 0 (0. 71) 0 (0.71) 0 (0.71) 

6 0 (0.71) 0 (0. 71) 0.33 (0.91) 

7 0 (0.71) 0 (0.71) 0.94 (0.97) 

8 0.33 (0.91) 1.67 (l.47) 1.0 (1.22) 

9 2.0 ( 1.58) 0.66 (1.08) 1.33 ( 1.35) 

10 1.00 ( 1. 22) 1.33 ( 1.35) 1.00 (1.22) 

11 1.00 ( 1.22) 1.00 ( 1. 22) 1. €3 ( 1.28) 

12 1.0 ( 1.22) 0 . 66 (1.08) 1.67 (1.47) 

Figures in the brackets are transformed data using Sq. Root x + 0.5 
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Appendix 47. Mean numbers of 8~.i.Da_ larvae or pupae/plant when 

maize was in pure stands and wheri intercropped with cowpea 

(short rains 1987) . 

Replicates ___ _ _ _.c.mppi ng ..s,y.,.. ... s ... te .... m ____________ _ 

maize/I'VU 946 maize/ICV2 Maize pure 

---------------------------------------------------------~-~---------------

I 

II 

III 

Means 

0.60 ( 1.05) 

1.40 ( 1.30) 

1.20 (1.30) 

1.07 ( 1.24) 

0.60 (1.05) 

1.40 ( 1.30) 

1.0 ( 1. 22) 

1.0 ( 1.22) 

2.67 ( 1. 78) 

0 (0. 71) 

1.0 (1.22) 

1.0 (1.22) 

Figures in the brackets are transformed means using Sq. RJot x + 0. 5 

trMsfc1rmation . 

-- ·· 
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Appendix 47 com;. 

Analysis of variance table 

----~----------------------------------------------------------------------

Source Of 

Replicates 2 

Treatments 2 

Error 4 

Total 8 

CV = 32.41 SK ±. 0.37 

NS- Denotes not significant 

BS 

0.03 

0.01 

0.66 

0 . 69 

at p = 0.05. 

ms F 

0.014 0.09NS 

0.001 O.OOOlNS 

0.164 

· - _,/ 
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Appendix 48 Incindence of C. partellus on mai ze when in pure stands and 

Week.a after 

emergence 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

when intercropped with cowpea cultivars (long rains 1988). 

Ha 1 ze/'fVU_ ___ 946._ 

0.04 (0.73) 

1.29 (1.34 ) 

1.92 ( 1.56) 

1. 79 (1.51) 

1.46 (1.40 ) 

2 . 00 (1.58) 

1.21 (1.31) 

0.38 (0.94) 

0 . 42 (0.96 ) 

0.58 ( 1.04) 

1.96 ( 1.57 ) 

~_...c~r~npping__...s~atC.111~~~~~~~~~~~~~~~~ 

_ ___ maize,ll.C.V2-. 

0.08 (0.76) 

0 . 25 (0.76) 

0.83 ( 1.11) 

2.67 ( 1. 78) 

0.92 (1.19) 

0. 75 ( 1.12) 

0.83 (1.15) 

0 . 47 (0.96) 

0 . 38 (0.94) 

0.46 (0 . 98) 

0.67 ( 1.08) 

-~~~-...mai.za__pur...._~~~~~ 

0.04 (0.73) 

1.29 ( 1.34) 

2.50 ( 1. 73) 

2. 96 ( 1.86) 

1.58 (1.44) 

2.13 ( 1.62) 

1.13 ( 1.28) 

0.29 (0.89) 

0. 58 ( 1.04) 

0.54 (0.54) 

1. 71 ( 1.49) 

Figures in the brackets ar e means transfcrr:ed using (x + 0.5 tra .. sformation. 
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Appendix ~ Incidence of C. pa.rtellus larvae and pupae/plant when 

maize was .m pure stands and when intercropped with 

cowpea cul ti vars (short rains 1988) . 

Weeks after Cropping Bl/'.S.tem 

emergence Ma i ze J'1'V1 l I 
946-_ ___ Mai ze/ICV2 Maj ze .pure_ 

1 0. 71 1.0 1.29 

2 0.71 0 . 71 1.56 

3 1.18 0.71 2.27 

4 1.49 0.71 2.08 

5 1.09 1.05 2.01 

6 1. 79 1.0 2.70 

7 1.35 1.0 2.55 

8 0.71 1.09 1.65 

9 0.88 1.17 2.07 

10 1.17 0.88 1.18 

11 1.27 :. 1.05 1.17 

Data transformed using ~ + 0. 5 transformation. 
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Appendix SQ. cont. 

Analysis of variance table. 

---------------------------------------------------------------------------
Source 

Treatments 

replicates 

Error 

Total 

CV = 16.67 

OF 

2 

3 

6 

11 

SE i 0 . 58 

' -

SS 

2.12 

1.54 

2.02 

5.67 

MS 

1.06 

0.51 

0.34 

F 

3.16 NS 

1.53 NS 

NS - not significant at p = 0.05. 

·-- · ·· 



Appendix 51. 

Replicates 

I 

II 

III 

Means 

283 

Mean number of C. partsllus larvae and , pupae/plant 

when maize was in pure stands and when intercropped 

with cowpea cult i vars (short rains 1988) . 

--· Cmpping Sll&tAln 

Maize/TVII 9AfL Maize.LICV2-.- Maize -PUJ'!8-. 

2.89 1.99 4.49 

2.79 2.22 3.45 

1.74 2.01 4.11 

7.47 2.07 4.11 

Data transformed using -.{'x + 0. 5 transformation. 

_., ,. 



.. 
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Appendix Sf. cont. 

Analysis of variance table . 

Source DF-.. -·------___ .. JlS. __ , _____ .......... --........... .M.S ........ __ . ______ ..F. _____ _ 

Replicates 

Treatments 

Er ror 

Total 

2 

2 

4 

8 

CV = 19.16 SE :t: 0. 18. 

0 . 27 

6.96 

1.22 

8.46 

* - Denot es s i gni ficance at p = 0.05. 
NS - Denotes not significant at p = 0.05. 

0 . 14 0.45 NS 

3.48 11.39* 

0.31 



Appendix 52. 

Replicates 

I 

II 

III 

He ans 

285 

Mean cowpea grain weight in Kg/ha when cowpea cultivara 

were in i;:ure stands and when intercropped 

(short rains 1987) 

with maize 

_"_cr.opping_SllS.~------------

TVU 946 . pure TVU 946 c/m 

2072.88 

5202.60 

3817.74 

3697.80 

659.55 

563.55 

789.33 

670. 81 

ICV2 pure 

5789. 28 

5766.16 

4640.80 

5399.10 

ICV2 c/m 

1908.43 

2639.08 

1370.65 

1972.40 



Appendix 52 cont. 

Analysis of variance table. 

Source Df 

Cropping eystem(a) 1 

Varietiee(b) 1 

Blocks 2 

a vs b 1 

Error 6 

88 

3952.70 

855.98 

281.14 

15.12 

556.41 

286 

ms 

3952.70 

855.98 

140.57 

15.12 

92.62 

---------------------------------------------------------------------------
Total 11 5661 .35 

---~-----------------------------------------------------------------------

CT= 29.17 SK ±. 9.63 

* Denotes significant at p = 0 . 05 . 

F 

42 . 62* 

9.23* 

1.52NS 

0.16NS 



287 

Appendix 53. Maize grain yield in Kg/ha when it was in pure stands and 

when intercropped with cowpea cultivars (short rains 1987). 

------~--------------------------------------------------------------------

Replicates 

I 

II 

III 

Means 

~~~~~~~~·Cr.app.ing__.-""s~~s~t~e-m.__~~~~~~~~~~~~~~ 

Maize/l'VU 946 

4815.51 

4474 . 62 

4678.18 

4655.10 

Maize/ICV2 

4841.28 

3400.85 

4089.29 

4110.60 

Maize pure 

4505.00 

5807.94 

5738.16 

5350.17 

---------------------------------------------------------------------------

1 



Appendix 53 cont. 

Analysis of variance table 

Source 

Replicates 

Treatments 

Error 

Total 

CV = 15.23 

Df 

2 

2 

4 

8 

SE *- 16_ 14 

NS Denotes not significant 

· ..... 

288 

86 

1173. 22 

57_55 

1041. 46 

2272.23 

at p = 0.05 

ms 

586.61 

28.78 

260.36 

. ........... . 

F 

2. 25NS 

O. llNS 



Appendix 54. 

Replicates 

I 

II 

III 

IV 

He ans 

289 

Mean grain weight of cowpea in Kga/Ha when cowpea cultivare 

were in pure stands and when intercropped vi th maize (long 

rains 1988). 

_______________ _GrDpping... ___ ....sy.s.t,..._ _______ _____ _ 

TV1 I 9.4.fL_pi~e _____ Till.L...9.46 ... _c;H..__ I CV2_ ___ .C;1L .. --·- I CV2 pure_ 

2745 .89 

1586.43 

2636. 36 

1223.32 

2047.99 

469.92 

570 .92 

1178.95 

403.22 

655 . 75 

572.59 

2282.13 

1376.47 

1069.51 

1325.18 

962.06 

1201.03 

1609.28 

1346.80 

1279.79 
--------------------------------------------------------------------~~-----
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Appehdix 54 cont. 

Analysis of variance table. 

Source OF. SS MS 

---------------------------------------------------------------------------
Cropping system (a) 1 1234243.23 1234243.23 

Variety (b) 1 38427.76 38427.46 

Blocks 3 632513.07 210837.69 

a VB b 1 179660.14 179660.14 

Error 9 3155733.80 350637.09 

Total 15 6857523.01 

--------------~-----------------------------------------------------------

CV = 42. 72. SK ±. 24.33. 

NS - not significant at p = 0.05. 

* - significant at p = 0 . 05. 
** significant at p = 0.20. 

\~-,' ., .. 

F 

3. 52*** 

0.11 NS 

0.60 NS 

5. 12* 
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Append ix 5 5. . Mean maize grain yields in Kgs/Ha when in pure atanda 

and when intercropped with owpea cultivars (long rains 

1988). \ 
\ 

Replicates ----~~--~__.C ..... ropp1ng Bll.S.t ........ ______________________________ _ 

Maizetr.\fil__9.46 ___ ,11aize/~~ ... Ma.ize..._ ... ~e...... 

I 1156.87 968.88 1129 . 32 

II 2081.76 1298.65 1659.54 

III 2346. 19 1650.65 1910.20 .. 
IV 1505.76 2690.19 2196.42 

Means 1772. 65 1652.09 1773.87 
-------------------------------------------------------~-----------------


