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ABSTRACT 

Studies were conducted at the International Centre of Insect 

Physiology and Ecology, Mbita Point Field Station (MPFS) fana and the 

Lambwe Valley fanaer's field during 1983 - 1985 , to detenaine the 

natural population changes of Maruca testulalis Geyer (Lepidoptera; 

Pyralidae). The role of natural enemies, host plants and cliaetic 

factors on natural population, development and survival of M· 

testulalis was investigated. Further investigations on the biology of 

Tetrastichus sesaaiae (Chalcididae, Eulophidae) a gregarious pupal 

endcr-perasitoid as well as bioassays on Nosema sp., a protozoan· 

pathogen of the pest were conducted in the MPFS laboratory. It was 

found that M· testulalis colonised the crop at least 15 days after 

plant emergence when the first adult moths were recorded in the 

pheromone traps. The egg and larval populations .started increasing 

steadily at the flower initiation stage reaching a peak between 42 and 

54 DAPE at both sites. Only one generation of M· testulalis occurred 

on each crop of cowpea. 

From the partial ecological life tables it was found t hat total 

real aortality for the generations at MPFS and Lambwe ranged between 

51.7 - 98.~ and 96.4 - 97.7~ respectively indicating very low 

survival in this species. Several natural enemies were found 

associated with M· testulalis, including 7 parasitoids, five of which 

attacked pupae and 2 on larvae. No egg parasitoid was found. The 
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major pathogenic microorganisms found on dead M· testulalis larvae and 

pupae were Nosema sp. and Bacillus sp. Observable parasitism played 

negligible role in causing mortality on M· testulalis being only 0.02 -

0.09 and 0.04 - 0.0~ at MPFS and Lambwe respectively. Pathogens 

especially Nosema sp. and Bacillus sp. contributed significantly to 
. ~ .. 

mortality of M· testulalis at both sites. Disappearance designated as 

other losses not due to either parasitoids or pathogens also accounted 

for a large proportion of mortality. Analysis using key factor and 

correlation methods revealed that disappearance at the egg stage (k0 ) was 

the key-factor causing population change at MPFS, while in Lambwe, 

although, more observations are necessary for this analysis, the factor 

kJ, representing disease at 3rd instar larval stage, was identified as 

the key factor. Temperature and rainfall also affected seasonal 

abundance of M· testulalis under field conditions. Under laboratory 

conditions, temperature was found to be an important factor affecting 

development and survival of the pest. 

Biological studies on !· sesamiae showed that the development period 

range from 14 - 18 days. Major factors identified to influence the 

biology and efficiency of the parasitoid include quality of food, age of 

host pupae and different host species. Results from bioassay for 

pathogens showed that Nosema sp. was the 11<>st virulent naturally 

occurring pathogen on M· testulalis . 
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CHAPTER I 

INTRODUCTION 

The legume pod borer, Maruca testulalis Geyer belongs to the 

faiaily Pyralidae of the order Lepidoptera. According to Taylor 

(1978), the species was first described by Hubner, but the last part 

of its taxonomy was finalised and published by Geyer. Thus, the 

description of M· testulalis is currently ascribed to Geyer by 

modern taxono•ists (Taylor 1978). The adult of this species· is 

greyish-brown in colour with dark greyish wings bearing distinct 

white and brown aerks which are more conspicuous on the hind than 

the fore wings (Plate 1). The female has a brown abdomen which 

becomes larger when the moth is gravid and ends in a bj pid and hairy 

abdominal tip. In the male, the abdomen is dark-grey, especially 

the last 4-5 segments and has a sharp posterior end. According to 

Okeyo-Owuor and Ochieng' (1981) the female and sale moths are of 

the same size and measure 11.0 = 0.12 mm fr0wt head to abdominal tip 

and the wing span at full spread measures 24.2 = 0.14mm (n=50). The 

moths are nocturnal in activity and during the day they usually 

rest with their wings fully spread on the lower leaves of host 

plants. The eggs are small in size (0.695~0.024 by 0.498=0.013 mm) 

and oval in shape, but are dorsoventrally flattened while glued onto 

the plant surface. The eggs hatch in 2-3 days after ov iposition. 

There are five larval instars in M. testulalis (Taylor, 1967; 

Koehler and Mehta, 1972; Akinfenwa, 1975; Odebiyi, 1981). The 

noenate first instar larva is light brown in colour and after 2 days 

it moults into a second i nstar larva which has light-dark spots. 
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The 3rd to 5th instar larvae are brown or brownish-green depending 

on the colour of food substrate ingested, with characterisitic black 

spots throughout the body. A full grown 5th instar larva measures 

10.3 - 10.5 J1D11 ~n length compared to only 2mm in first instar larvae. 

Pupation occurs in the soil, although in India this was 

reported on leaves of Cajanus cajan L. Millsp. (Vishakantaiah and 

Babu, 1980). Freshly pupated M· testulalis is greenish brown in 

colour but soon turn darkish with light brown spots on the 

puparium. The pupa measure about lOmm in length and is surrounded 

by finely woven silken material which if in the soil is further 

enclosed in fine soil particles. Detailed field and laboratory 

s tudies on the biology of M. testulalis has been conducted by 

Taylor (1967), Usua ( 1976) in Nigeria, Vishakantaiah and Baby \1980) 

in India, Okeyo-Owuor and Ochieng (1981) in Kenya and Ke et al . 

(1985 ) in China. Ochieng' et al. (1981, 1983) developed methods 

for rearing this species on both natural and artificial diets at 

ICIPE's Mbita Point Field Station (MPFS). 

M.:... testulalis i s a cosmopolitan insect which is widely 

distributed throughout the tropical and subtropical regions of the 

world and is •ostly associated with various cultivated and wild 

legumes . Wolcott (1933) gave a general account of the life history 

and habits of M. testulalis as one of the three podboring species on 

limabeans in Puerto Rico. Lever (1944, 1947} reported it as an 

important pest of Q. cajan, Crotolaria sp. and cowpea in Fiji. 

Jepson (1948) r-eported M. testulalis as a pest of groundnuts in 

Uganda, while in Sierra Leone, M.:. testulalis was reported to attack 

Poinciana sp. and Phaseolus vulgar-is L. {Hargreaves 1937). 
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In Asia and the Philippines, M. testulalis is an important pest of 

.E.:. vulgaris and vegetable cowpea (Barroga, 1969). In Sri Lanka, it 

is a serious pest of ~ cajan (Subasioghe and Fellowes, 1978). Dina 

-(1978) reported M. testulalis as a pest of soybean in Nigeria. In 

Australia, the pest was recorded on cowpea and mungbeans, while the 

navy beans and soybean were less preferred (Anon., 1981). Taylor 

(1967) noted that during the off season M. testulalis fed on 

climbing beans, Sphenostylis stenocarpus L. Sunhemp, Crotolaria 

juncea and winged beans in Nigeria. In India the pest has been 

recorded as an important pest of ~ cajan by Vishakantaiah and Babu 

(1980), while in China the insect was recently reported on long yard 

bean (.Y.irn sesquipe<lalis L.) by Ke et al. (1985). Singh and van 

Emden (1969) reviewed the distribution and host range of M.:.. 

testulalis throughout the tropical region. Hill (1975 ) published a 

distribution map of M. testulalis in the world and listed a wide 

range of leguaious host plants of pest. 

M. testulalis has been reported by several workers as an 

important pest of cowpea, Vigna unguiculata L. Walp (Papilionoidae 

Leguminosae) in various parts of tropical Africa (Taylor, and 

EzediIUDa, 1964; Booker, 1965; Taylor, 1967, 1978; Jerath, 1969; 

Bohmen, 1973; SU11merfield et al., 1974; Hill 1975; Agayen-Sampong 

1978; Muturi et al.•, 1979; and Okeyo-Owuor and Ochieng' 1981). The ' 

pest attacks the crop at pre-flowering stage and persists until pod 

maturity. The larvae of this pest are voracious feeders. In the 

vegetative growth stage, before flowering, they feed on tender 

shoots and stems of cowpea plant. The young larvae later attack 

buds and flowers, while the older ones feed on green pods. 
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During their feeding larvae burrow into various parts of the plant 

and only come out when the food is exhausted. Because the pest 

usually attacks different parts of the cowpea plant, its common 

name, the "legume pod borer", is misleading, as it seems to imply 

that M. testulalis only attacks the pods. 

Taylor (1967, 1978) described the damage by M. testulalis on 

cowpea. He observed that the larvae on hatching eat their way into 

the centre of the flower without much wandering on t he surface so 

that no external sign of attack is noticed. However, more recent 

observations by Okeyo-Owuor and Ochieng' (1981) revealed that on 

hatching the larvae initially feed around the ovipositioo site and 

then bore into tender buds and flowers. In the absence of flowers 

the larvae bore into terminal shoots causing damage similar to that 

shown in Plate 2 , where the feeding is extensive . However, in the 

presence of flowers the first instar larvae bore into t hem and 

concentrate t hei r feeding on the essential floral parts, i.e. 

anthers stigma and ovary (Taylor, 1967). Taylor (1967) observed 

that the phenomenon of flower-drop in cowpea is not necessarily 

associated with M. testulalis damage and t hat an open flower, 

whether a ttacked or not drops within 24 hours. As a matter of fact 

the attacked flowers rarely drop prematurely as is usually assumed, 

but when the flowers are attacked 2-3 days before they are due to 

open they never open (Taylor 1967, Okeyo-Owuor, unpublished data). 

The larvae show a distinct preference for the ovary. style. stigma, 

and anthers, and nsrely feed on the inner parts of the corolla. 
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Damage by ~ testulalis to cowpea is characterised by the 

faecal frass produced by the larvae on flowers and pods. The 

flowers and green pods are usually bound together by frass-covered 

webs (Plate 3). Plate 4 shows dry pod and seed damage by the pest. 

According to Taylor (1967) , two phenological stages of 

cowpea are important as far as pest attack is concerned. The first 

is the early leaf formation stage, when the leaves and growing 

points are attacked mainly by a beetle, Ootheca mutabilis Sahl. and 

other lepidopteran larvae. The second stage is the period of flower 

bud initiation, flowering and pod formation, in which attack by M. 

testulalis appear to be the most important. At this stage any 

damage caused by insect pests can hardly be copensated for by the 

plant and leads directly to seed yield loss. 

Yield loss caused by M. testulalis larvae on copea crop is 

variable, though severe. Taylor (1968) reported yield loss on grain 

ranging from 30-70% on different cowpea varieties in Nigeria. In 

Kenya , yield loss on grain of up to 80% was reported by Okeyo-Owuor 

and Ochieng' (1981). Usua (1975) reported that susceptibility of 

cowpea to the pest was high in varieties in which pods touch any 

other parts of the plant. He found that pod damage increased by 

almost 100~ in 'cv' prima in which pods were oriented closer than 

normal. According to Taylor (1978), ~ testulalis is recognised as 

a key pest of cowpea i n Africa because its attack is serious and 

perennial, and its population often remains above ~conomic 

threshold. This is partly because the moth is able to establish 

itself on young growing parts of the plant in the pre-flowering 

stage and 11<>ves on to damage flower buds, flowers, green pods and 

seeds extensively. A survey conducted in 1982 by Okeyo-Owuor 
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unpublished dat a) showed that in all cowpea growing areas in Kenya, 

M..:.. testulalis was the most predoainant pest of crop during all 

cropping seasons , althgouh aphids, thrips and pod bugs may 

occasionally cause severe damage in localized hot dry areas . Thus 

in Africa it is widely felt that t he low cowpea seed yields obtained 

by farmers (ca.350-500 kg/ha) is largely due to M. testulalis attack. 

Attempts to control cowpea pests have yielded variable 

results. Booker (1965) showed that by controlling cowpea pest 

complex of which M. testulalis i s the most important, seed yield may 

be increased to 1800 kg/ha in Nigeria. Al though, the use of 

chemi cal insecticides has reduced yield losses, the damage by M. 

testulalis has always r emained high unless early control is 

Wldertaken (Booker, 1965; Jerath, 1968; Taylor, 1968). Koehler and 

Metha (1972) reported that weekly spraying with insecticides 

provided a higher degree of protection on pods thaD flowers of 

cowpea i n Uganda . In West Afri ca, especially in Nigeria, several 

insec ticides have been tested and recommended for M.:. testulalis 

cont rol on cowpea crop (Dina, 1976; Singh and van Emden , 1978 and 

Taylor, 1978; Jaclc:ai , 1983). However, in East Africa, use of 

chemical control met hods woul d not be advisable since both leaves 

and seeds are used as f ood. Besides, the number of sprays required 

and the cost of the chemical s recommended woul d be prohibitive to 

t he subsis t ence resource poor f anaer. Furthen.ore, t he farming 

s ystems invol ving i nt er cr opping cowpea wi t h other crops such as 

cereal s make t he conventional spraying methods cumbersome. 

Unfortlinately, control of M. t estulalis by a l ternat ive methods, such 

as the use of resistant cowpea lines are still bard to come by, 

since no vari eties have been f ound :-esist snt t o t he pest on flowers 
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and pods. So far, only a low level of resistance in the 

stems has been reported on cowpea variety Tvu 946 (Jackai, 1982; 

Macfoy et al ., 1983). Also studies in Nigeria showed that M .. 

testulalis still remained a major factor limiting cultivation of 

cowpea io the region irrespective of attempts to use time of 

planting and manipulation of planting date as a cultural practice to 

control the pest (Ezueh, 1982). The use of biological control 

agents against M. testulalis stil l requires detailed studies to 

identify and evaluate promising pathogens, parasitoids and predators 

of this species. Taylor (1967) reported that parasitoids of M. 

testulalis play negligible role in its natural control, since less 

than 5% of the total larvae collected were found to be parasitized 

in Nigeria. Further studies to identify and detennine the role of 

natural enemies in other agroecosystems is necessary. 

Some of the factors that complicate control of M. testulalis 

are, (a) resting behaviour of the moths under crop canopy and their 

nocturnal predilection (b) the feeding of larvae inside the food 

material during most of its life time which makes it dificult for 

conventional synthetic insecticides to reach the desired target and 

(c) the difficulty in locating eggs and therefore, predicting the 

onset of infestation on the crop for a timely control intervention 

(Okeyo-Owuor and Ochieng', 1981). Jackai (1980) .reported the use of 

oil soluble dyes in detecting M. testulalis egg distribution on 

cowpea plant. However, this technique is only possible on a limited 

scale but, is of limited use on large fields. Recent 

investigations on the use of pheromones in populat ion studies of M..:. 

testulalis have shown that the female 11<>th produce sex pheromones 

that attract •ales in the fiel4 (Okeyo-Owuor and Agliiaro, 1982). 



8 

The use of pheromone traps for population studies, forecasting and 

control is well documented in other related groups of moths (Campion 

et al., 1977; ~aster et al . , 1978; Nasr et al., 1978 and Beroza et 

al. 1978). Silverstein (1981) reviewed the potential role of 

pheromones for integrated pest management (IPM), especially as a 

means of forecasting, mass trapping and distruption of certain 

essential behaviour patterns in reproduction of the pest in 

question. According to Silverstein (1981) the use of pheromones 

require a thorough understanding of the pests behaviour. Thus, 

population studies of ~ testulalis incorporating pheromone traps 

would provide informat ion for better understanding of its population 

ecology as well as forecasting its infestation for control purposes. 

It is evident that aspects of biology and behaviour of M. 

testulalis have received considerable attention from workers in 

tropical Africa. A knowledge of the pest population ecology is 

vital for formulating effective control strategy. In the light of 

the current problems in controlling M· testulalis, studies on 

population ecology should provide information on biotic and abiotic 

factors influencing the natural population dens i ties, their 

man i pulation and effective utilization in control programmes, time 

of infestation on the crop, appropriate forecasting systems, 

critical crop stages of growth when pests attack would lead to 

economic damage and yield loss, etc. All this information would 

provide a natural basis for effective management of the pest . 

Knowledge on population ecology on M. testulalis is scanty. 

The present studies have therefore been undertaken with the 

following major objectives: 
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1. To study and understand the changes in field population of M. 

testulalis under subsistence farming systems. 

2. To determine the major factors that regulate populat ion 

changes ~n M. testulalis, with special reference to the role 

of natural enemies. 

3. To study aspects of the biology of selected natural enemies of 

M. testulalis . 

The objectives were achieved by testing the following hypothesis: 

That:-

!. natural enemies, especially parasitoids, and pathogens are 

important mortality factors in M. testulalis; 

2. climatic factors, especially changes in ambient temperatures, 

relative humidity and rainfall play ao important role in 

detennioing M. testulalis population size and its natural 

enemies in cowpea crop; 

3. infestation levels of M. testulalis on cowpea depends on 

survival of the pest on alternative host and seasonal 

changes occurring at MPFS and the subsistence farms, and that 

t hese host plants also help in harbouring and perpetuating the 

pest as well as its natural enemies; 

4. crop phenology has an important effect of M. testulalis growth 

and survival rates. 
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Plate 1. Adult M. testulalis moth resting on the lower leaf 

surface of cowpea plant. 





Plate 2: 

A. 

B 
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Symptoms of M· testulalis damage oc vegetative 

parts of cowpea plants: 

Damage on terminal shoot 

Damage on stem. 





Plate 3. 

Plate 4. 

A. 

B. 

A. 

B. 
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Symptoms of M. testulalis damage on flowers and 

green pods: 

Dissected flower showing internal damage. 

Green pods showing external damage symptoms. 

Symptoms of M· testulalis damage on dry pods and 

seeds of cowpea. 

Damaged and Undamaged pods 

Damaged and Undamaged seeds. 
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CHAPTER II 

REVIEW OF LITERATURE 

2.1 POPULATION ECOLOGY 

The term "population" bas been defined by several authors 

who, in general, refer to the term in relation to the environment 

(Andrewartha and Birch 1954; Nicholson, 1957; Milne 1957, 1962; 

Solomon, 1964, 1970). Milne's (1962) definition, which refers to the 

population as "the number of individuals ofa particular species 

existing in a particular place", is considered the most appropriate 

for purposes of the present study. Milne (1961) further stated that 

"Population changes with time", while Solomon (1949) stressed that 

population is an integral part of the ecosystem; hence the 

environment. According to Solomon (1970), the term "population 

dynamics or population ecology" is applied to the study of changes of 

the number of organisms in popul ations and of the factors influencing 

these changes. It also includes the study of the rates of loss and 

replacement of individuals and of any regulatory processes tending to 

keep the numbers stable or at least to prevent excessive change. 

This definition is similar to that of Begon and Mortimer (1981). 

Although studies on population ecology of insect pests of 

crops provide the necessary basic information for formulating 

appropriate pest control strategies (Cock 1986), there is scanty 

literature on population dynamics of a number of these important 
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insect pests wor ld wide, especially in the tropical region. 

Nevertheless, there are examples of well studied crop pests 

elsewhere, especially in the temperate region. Hughes (1962, 1963) 

studied popula!ion ecology of the cabbage aphid, Brevicor=yne 

brassicae L. in Australia. Populat ion ecology of the Colorado potato 

beetle, Leptinotarsa decemlineata (Say) was studied in Canada by 

Harcourt (1963, 1964) who detenained sampling unit and used the unit 

to estimat e population and mortality during the six age intervals of 

the beetle. Population ecology of the boll weevil, Anthomonus 

grandis Boheman, on cot ton was investigated by Wal ker and Niles 

(1971), and Starling and Adkisson (1978). The important finding 

reported by Starl:i.r.g and Adkisson was that the percent damaged 

cotton squares follows a curvi l inear model and may be used to 

estimate the number of adult weevils per hectare of cotton and, 

therefore , predict the extent of boll weevil damage on the crop. 

Population studies on Lepi dopt era pes t s of crops include 

those on t he cabbage worm, Pieris r apae L. (Harcourt 196lb, 1962 and 

1966), diamond back moth, Plutella maculipennis (Curt.) (Harcourt, 

1960, 196la), the European corn borer, Ostrinia nibilalis (Hubner) 

(Hudon, 1960 ; Hudon and Le Roux, 1961 ), !!.:.. zea (Hartstack Jr. et al., 

1973) , Anticarsia gemmatilis Hubner OD soybean (Luna et al. , 1982) 

and Epi phyas postvitt ana (Walker) on app l es (Danthanarayana, 1976a, 

1976b, 1980b , 1983). More recent s t udies OD populat ion ecology of 

lepidopteran crop peSts have been reported by Thorvison et al (1985) 

on Plathypena scatra F ( Noctuidae) on s oybean, Plutella xylostella 

( L) (Yponomeutidae ) on cabbage (Iga, 1985 ; Yameda and Yamaguchi, 

1985), Earias vittella (fab) on cot t on (Bilapate 1985) , Chi l o 



15 

terrenella (Pyralidae) on sugar cane (Li, 1985) and Sesamia 

nonagrioides Lefebuvre (Noctuidae) (Al Salti and Gallichet, 1986). 

Studies are lacking on population ecology of lepidopteran pests of 

arable crops in the tropical world, especially in Africa. The only 

data available are scanty and represent only one life stage of the 

pests studied and therefore cannot be analysed to give a precise 

understanding of t he pests' population ecology. 

Literature on population ecology of M.:. testulalis is scanty 

and the reported studies have mainly concentrated on the 

colonization process and larval population build-up. Taylor (196~, 

1978) studied the inf estations and the larval dispersal of M..:_ 

testulalis on cowpea in Nigeria. He reported that initial 

infestation of M. testulalis on cowpea arises from adults which 

emerge from alternative host plants at a time when the crop is in 

the most sui t able s tate for oviposit ion; i.e flower-bud and 

flowering stage. He fur ther, noted that in Nigeria, this first 

generation attacks the early crop during May and gives rise to a 

second generation that attacks a late cowpea crop planted between 

August and September . In his earlier studies, Taylor (1967) 

reveal ed that the incidence of M.:. testulalis was usually higher in 

the late than in the early crop and that a complete or partial 

second generation of pes t may overlap with the first one during the 

months of July and August due to the extended flowering period of 

most cowpea varieties and short life cycle on the pest. He observed 

that during the off-season ( Jan~ay) l ow populations and 

breeding of M. t estulalis occurred on volunteer cowpea plants and 

alternative hosts, particularl y Phaseolus and Crotolaria species 

grown in gardens and farms . In subsequent s t udies Taylor (1978) 
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found that attack by larvae on flower buds leads to wide-spread 

infestation of flowers as they form and that usually more than one 

larva may be found in each flower at this stage. However, the 

larvae subsequeptly disperse to other open flowers, flower buds and 

peduncles, their movement being facilitated by the production of 

silken threads which they use as bridges between these parts. 

Further observations showed that peak damage coincides with peak 

flowering period suggesting that peak larval population density 

occurs during peak flowering period (Taylor 1978). This mode of 

infestation on cowpea crop leads to the extent of damage and yield 

loss similar to that reported by Booker (1963, 1965a), Taylor and 

Ezedinma (1964); Taylor (1967, 1978), Raheja (1976a), and 

Okeyo-Owuor and Ochieng' (1981). Further studies on M. testulalis 

population especially on larvae have been done by Jackai (1981) 

in Nigeria. He reported that larval infestation began in the 

teI"'lllinal shoots in the early growth stage of the plant suggesting 

that adult females were attracted for oviposition about 21 days 

after planting. However, Wooley (1977) noted that moths were not 

attracted to the plant until flower buds were "large enough". 

Jackai (1981) compared larval infestation on different cowpea 

varieties during two seasons and found that infestation on tennioal 

shoots were higher in the second than in the first season and that 

of the 5 varieties tested only Tvu 946, had lower numbers of larvae 

on the shoots. The rest were equally susceptible at the shoots. In 

the case of flower infestation Jackai ( 1981) found that, although 

the second season still had higher numbers of larvae than the first 

season, there was no significant difference in infestations of the 

flowers frOll different varieties. This finding suggests that 
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seasonal changes are important in determining population of M. 

testulalis larvae. He further, observed that larval density was 

lower in pods than in flower and flower buds, possibly due to larval 

mortality resulting from plant or some extraneous factors. He 

postulated that pod infestation rate may provide some insight into 

migration efficiency from, as well as crowding intensi t y at sites of 

primary infestation and larval survival. In Kenya, larval 

population on cowpea were studied by Okeyo-Owuor et al. (1983) 

and other workers (Higashi and Sato, unpublished data). Studies by 

Okeyo--Owuor et al (1983) revealed that at MPFS and neighbouring 

farms, M. testulalis larvae constitute 67.1 and 73 . ~ of the total 

borer population infesting pods and flowers respectively on cowpea 

crop. In this area M. testulalis occurred all the year r ound and 

their numbers on cowpea showed an increasing trend as the rainfall 

increased (Okeyo-Owuor et al. , 1983) . They further found that M. 

testulalis populations remained low even when the cowpea crop was 

maint ained under irrigat ion during the dry peri od . Studies on the 

population density of the larvae under i nt ercrop situat ion have 

revealed that the numbers of larvae on pure cowpea crop as compared 

to cowpea-maize intercrop are not significant ly different. and that , 
simultaneous planting of cowpea and maize as an i ntercrop tended to 

increase infestation by M..:. testulalis (Okeyo-Owuor et al. 1983: 

Ezueh and Tailor, 1984) ~ Ragashi and Sato (Unpublished report) 

studied larval population of M. testulalis at Homa Bay Farmer's 

Training Center (FTC) in Western Kenya and suggested that the major 
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limitations in understanding its population ecology and making the 

life tables are the low numbers of eggs recovered during field 

samples and difficulty in sampling of pupae. Some preliminary 

investigations have been reported on the population of adult stage 

of M. testulalis by Taylor (1967) in Nigeria and Okeyo-owuor and 

Agwa.ro (1982) in Kenya. Taylor (1967) recorded M. testulalis adult 

population using a mercury vapour lamp light- trap while the studies 

by Okeyo--Owuor and Agwaro (1982) involved Phercmres traps using 

virgin females to monitor adult populations on cowpea crop. 

Population studies reported so far on M. testulalis 

concentrates mainly on colonization process on the host plant and 

constitut es only part of the population ecology of this species. 

The present studies therefore contr ibutes significantly to the 

knowledge on t he pests populat ion ecology by presenting a detailed 

population analysis as relat ed to the different life stages and 

mortal i ty factors. 

2.2. FACTORS DETEBMINING POPULATION SIZE 

In recent l itera ture on population ecology there has been a 

lot of debate on populat i on regulatory mechanisms and which factors 

are responsible for t he changes in population. Klomp (1964) 

r eviewed opinions of various authors on the subject and recognized 

four mechanisms, namely: 

1. Regulation through interaction with organisms of another 

kind other than food (i . e. nat ural enemies). 
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2. Regulation through interaction with organisms of the same 

kind, i.e. intraspecific (limited requisite) and 

mutual-interspecific or self regulation (no requisite 

in-short supply). 

3 . Regulation through environmental modifications, and , 

4 . Regulation through genetic feed-back mechanisms. 

Solomon (1964) identified three categories of processes 

influencing population abundance, i.e . regul ation by density 

dependent processes, density independent processes and modification 

of regulatory processes. He stated that the violent fluctuations in 

adundance are characteristic of many insect species as influenced by 

these factors and that the amplitude of fluctuation depends partly 

on the number of years or generations covered. However, the range 

of fluctuation is influenced by many di fferent factors which include 

variability in climate, the reproductive capacity of the species, 

the degree of regulation and the number of different regulatory 

factors (Solomon 1964). There is a lot of literature dealing with 

the density dependent and dens i ty independent factors which regulate 

population abundance as i s evident from the reviews by Klomp (1964, 

1966) and Varley et al . 1973). 
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2.3 NATURAL ENEMIES IN POPULATION ECOLOGY 

The role of natural enemies in causing mortality and 

population regulation in insects is well doCUJDented. According to 

Solomon (1970) 1 the presence or absence of various natural enesies 

is an important factor in determining populetioc abundance of sn 

insect species. On the other he.nd, some authors such as Bess 0961) 

have argued that natural enemies such as parasitoids have negligible 

effect on population regulation. According to Cempbell (1963), 

since any attack by .parasitoids usually leads to death of the host 

and such deaths are not normally detected, estimation of parasitized 

hosts is usually lower than those a ttacked, resulting in an 

under-estimation of the effect of parasitism on population 

regulation. Driesche van (1982) and Cock (1986) also expressed 

sisiile.r views in assessing egg and larval parasi tiSlll in insect 

pests. Cock (1986) stated that rates of parasitism should always be 

related to host population density to be able to assess the 

regulatory role (density dependence) of the pa."""Ssitoid. The smse 

:aay be argued for other groups of natural enemies, such as predators 

and pathgenic •icroortanisa. In the present work, the role of 

parasitoids and insect pathogens i.JJ population ecology of 

lepidoptere crop pest species has been reviewed. 
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The importance of studying parasitoids of crop pests not 

withstanding their significance in population regulation lies in 

fonnulating appropriate biological control strategies and hence 

integrated pest management (IPM). Hill et al., 1978) and Andreadis 

(1982) reported that, of the five introduced pa.ra.sitoids of Q. 

nubilalis only three established, but at too low a population density 

densities to control the pest effectively. It appears from the 

reports that there was inadequate basic knowledge of these exotic 

parasitoid.s, neither was there a thorough survey to determine 

presence and activity of indigenous parasitoids. Before any 

biological control methods are applied it is important to assess the 

presence and role of local natural enemies. Recently, Hokkanen and 

Pimentel (1984) compared the role of "new" and "old" associations in 

biological control, where old associations ~ere considered as a 

species interaction between a pest and its natural enemies from 

indigenous range when the latter is re-established by introduction 

to areas where the pest has been introduced. New associations refer 

to the introduction of a natural enemy of a species c losely related 

to the target species. The argument by these authors show that for 

biological control purposes, the new associations are more 

effective. However, the available evidence suggest that both 

associations are appropriate and that native pest association are 

more effective . However, the available evidence suggest that both 

associations are appropriate and that native pests are also suitable 
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for biological control (Carl, 1982; Cock, 1986). Murdoch et al. 

(1985) distinguished between two types of effective biological 

control agents, the first one being that which practices the 

strategy of lying-in-wait, such as polyphagous predators and the 

other which practises a search-and-destroy tactic. The second group 

are ideally monoph.agous and exhibit those characters of a suitable 

biological control agent predicted by workers such as Beddington et 

al. (19i8) ; Hassell , 1978) and May and Hassell (1981). Cock (1986) 

reoorgnisai that the understanding of the dynamics of biological 

control agents is relevant to the selection of the most appropriate 

agent,, be they host-specific parasitoids or pholyphagous 

predators. He further concluded that population studies should be 

carried out to assess the importance of parasitoids and predators in 

their native areas and that such studies should consider what 

species occur, their biology, and their relative effciency in 

population regulation. 

There are a number of reports from previous work on the role 

of parasitoids in population regulation and biological control of 

pests of crops. This has been clearly demonstrated in situations 

where synthetic pesticides have had adverse effects on natural 

enemies. For example, frequent application of insecticides to 

control Laspeyresia pomonella (L) on apple was observed to cause 

secondary outbreaks of the other pests as a result of destruction of 

parasitoids and predators in the orchards (Picket, 1959: Le Roux, 

1959). Ferro et al. (1975) suggested that, since many organi c 
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insecticides used in orchards destroy arthropod biota in the 

ecosystem, a more logical or less destructive approach was needed. 

He further reported high mortality in ~ pomonella in orchards free 

of extensive insecticidal treatments. The mortalities were 

attributable to predators, an egg parasitoid, Trichogramma minutum 

Riley and larval parasitoid, Ascogaster guaridentata Wesmael which 

played a big role in regulating the numbers of this pest in the 

absence of chemical application. In Australia, predation by 

arthropods was identified as the key factor in determining 

submortalities of the different life stages from egg to pupa of 

Epiphyas postvattana, a pest of fruits and horticultural crops, 

alghough the role of parasitoids was found to be relatively 

unimportant (Danthanarayana, 1983). In Canada, several important 

parasitoids attacking the different life stages of diamond back 

moth, .E.:.. maculipennis and P. rapae were reported by Harcourt 

( 1966). In these studies, larval parasitoids, such as Apanteles 

glomeratus and Ph.ryxe vulgaris were responsible for 13~ mortality of 

f. rapae, while Pteromalus puparum parasitized pupae causing 17% 

mortality oD this species in Canada (Harcourt, 1966). In Brazil, 

efforts to control Diatreea saccharalis on sugarcane using mass 

reared larval parasitoids, Apapteles flavipe~ and Parantheresia 

clavipalpis was recently reported by Araujo et al. (1985) and Macedo 

et al. (1985). The results showed t hat by releasing 10,000 

parasitoids per hectare satisfactory control of~ saccharalis was 

achieved OD the c rop. Parasitoids of Spodoptera frugiperda have 
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also been studied by Sales (1985) in Brazil and Rohlfs and Mack 

(1985) in Alabama on maize crop. Sales (1985) observed that leaving 

natural vegetation in close proximity to the crop provided a refuge 

to natural enemies and therefore reduced damage on the crop. 

There is some evidence on parasitization of M. testulalis 

although the role of the parasitoids identified so far on either 

population regulation or their potential in biological control is 

not yet elucidated in the tropical world. In Nigeria, Taylor (1967) 

observed M.:.. testulalis to be parasitized by a dipter2t1,,(Musca 

domestica form callara Wlk), two Braconids (Braunsia sp. and 

Phanerotoma sp., and Ephydrid (Trypopsitopa sp. ) Usua and Singh 

(1978) also recorded several predators and parasitoids of the pest 

in Nigeria. More recently, Don-Pedro (1983) reported~ testulalis 

parasitization in Nigeria to be upto 6 . 8% due to Phanerotoma sp . and 

Braunsia sp. in cowpea fields while in China Ke et al (1985) 

repor·ted that M. testulalis larvae were parasi tized by Cremastus sp. 

and Pseudoperichaeta insidiosa. In Fiji and Burma, Rao et al. 

(Unpublished reports) observed that the Braconid, Cedria paradoxa 

which was introduced in 170 localities to control Hapalia 

machaeralis Wlk (Lepidoptera: Pyralidae) and Hyblaea phera Cram. 

(Lepidoptera: Hybaeidae), was recovered from M.:.. testulalis in two 

locations. Other parasitoids such as Apanteles etiellae Vier, 

Bracon ca.iani Mues, !h thurberiphagae (Muas) , Phanerotoma bennetti 

Mues (all Braconidae), Perisierola sp. (Bethylidae) and Eiphosoma 

annulatum Cresson (Ichneumonidae) a parasitoid of a related pod 
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borer, Ancylostoma stecorea (Zell) were introduced to control M. 

testulalis in Fiji but their success was not recorded (Rao et al., 

Unpublished. report). In India, Vishakantaiah and Babu (1980), 

reported two Braconid parasitoids, Agathis sp. and Phanerotoma sp. 

on M..:_ testulalis larvae on pigeon pea crop. Fellows and Amarasena 

(1977) reported 6-7~ larval parasitism by Phanerotoma 

hundecasissella Cam and 12-30~ pupal parasitism by Antrocephalus nr 

asubelongalus in Sri Lanka. 

The role of pathogenic microorganism in population 

regulation and control of various insects, especially those of 

lepidoptera species have received considerable attention by authors 

such as Jacques (1983). De Bach (1974) also reviewed in sufficient 

detail major pathogens related to crop pests , namely, bacteria, 

(Bacillus spp.), viruses (nuclear polyhedrosis), and microsporidia 

such as Nosema sp. Other reports in this field include those by 

Steinhous ( 1954), Hughes (1957) and David (1978). On lepidopteran 

pests Bacillus thuringiensis is well document ed as an important 

pathogen of the larvae of Heliothis virescens, Cydia nigricana, £.:.. 

pomonella (Burges, 1982). The relative susceptibility of six 

lepidopteran species attacking soybean to JL.. thuringiensis var 

kurstaki was studied by Ignoffo et al. (1977) and the results showed .--
that susceptibility to this pathogen varied with insect species. 

Andreadis (1979) reported that the boring activity of R· ~ and Q. 

nubilalis reduced effectiveness of this bacteria in biological 

control, while Young et al. (1980) demonstrated a 
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synergistic control activity when ~· thuringiensis was applied 

together with nuclear polyhedrosis virus (NPV) to control 

Trichoplusia ni on cabbage. Bacillus sp. was reported for the first -
time t o infect and cause mortality in natural larval populations of 

M. testulalis in Kenya by Otieno et al. {1983). 

Among crop pests in which virus diseases have been studied 

in relation to population regulation and biological control are 

Heliothis annigera (Hubner) (Coaker, 1958; Rogers et al., 1983), 

Trichplusia ni (Hall, 1957; Hofmaster, 1961; Ignoffo, 1964; Biever 

and Hostetter, 1971; Canerday, 1968; Jacques, 1969; Stacey, 

~ !!l· (1981) reported on viruses causing mortality to Marastra 

brassicae L. while mort alities on f.:.. rapae and E:_ brassicae caused 

by viruses were reported by David (1965), Hostetter et al. (1973), 

Payne et al (1981) and Crook (1981). Recent studies on Spodoptera 

exempt a and ~ littoralis revealed that these species suffer high 

mortalities due to NPV (Klein and Podoler, 1978; Odindo, 1981). The 

presence of NPV and granulosis virus (GV) in field populat ion of M.:. 

testulalis was reported for the first time in Kenya by Otieno et al. 

(1983). 

Microsporidia have gained much prominence in recent advances 

in crop pest pathology. According to De Bach (1973), this order 

contains many families of which Nosematidae contains the most 

important insect pathogens . The genus Nosema in this fami ly is an 

important pathogen among the lepidopteran crop pests. Nosema 
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pyrausta is a known pathogen of the European corn borer. ~ 

nubilalis and several workers have studied its effect on larval 

population and ~iological control potential on the pest (Zimmack and 

Brindley, 1957; Windels et al., 1976; Lewis and Lynch, 1976 ; 1978; 

Lublinkhof, et al., 1979; Lewis, 1978, 1982; Andreadis, 1984). li:_ 

pyrausta was also reported earlier on a pyralid moth Pyrausta 

nubilalis under the identity of Perezia pyrausta by Kramer (1959). 

In Kenya, Nosema sp. was observed to cause mortality in field 

populations of M· testulalis (Otieno et al., 1983) and Chilo 

partellus (M.O. Odindo, Pers Comm.), but detailed studies on the 

role of this protozoan in reducing natural populations of these two 

species are yet to be known. 

2.4 CLIMATIC AND HOST PLANT FACTORS 

The role of climatic and host plant factors in regulating 

insect populatio?Ehas received much attention. Climate was singled 

out by Clerk et al. (1972) as a major factor in determining 

population abundance. Varley et al. (1973) reviewed in depth how 

climate and weather affect both insect development and population. 

According to these authors the annual, seasonal and diurnal changes 

in temperature, humidity, rainfall, etc. constitute climate and 

weather. These factors affect insectsas individuals (independently 

of population density) and so acts as density independent or 

catastrophic factors. They further argued that if a population is 
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acted upon, both by density dependent factor and density independent 

variable factor such as weather, then the weather determines the 

changes, but th~ density dependent factor is primarily responsible 

for regulating the population about its average level of abundance 

Studies on the effect of climatic factors on life and population 

abundance of insect have been reported by authors such as Klomp 

(1962), Morris and Fulton (1970), and Baker and Miller (1974) . 

Host plants may affect the biology and population abundance 

in any ways. Under normal conditions, preferred host plants attract 

their pest species at a suitable time when oviposition, and 

development is favoured resulting into population build up. 

Phytophagous insects depend on specific oviposition or feeding 

stimuli and usually respond to similar stimuli in related plant 

species of variable nutritional value as illustrated by the study of 

Hsiao and Fraenkel (1968) on the host selection and growth response 

of Leptinotarsa decemlineata. The host plant phenology is an 

important factor in determining growth and development, 

survivorship, population build up and distribution of lepidopteran 

pest species as demonstrated by studies on Chilo partellus Swinhoe 

(Kalode and Pant, 1967), Lymantria dispar L. (Barbosa and Capinera 

1977; Hough and Pimentel, 1978; Barbosa and Greenblatt, 1979), 

Diacrisia casignetum (Banerjee and Haque, 1985) and on fi. zea, 

(Farrah and Brandley Jr. 1985). Studies by Taylor (1978), 
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Okeyo-Owuor and Ochieog' (1981) and Okeyo--Owuor et al. (1983), 

showed that infestation of cowpea by M. testulalis coincided with 

the flower initiation stage and the population of larvae builds up 

reaching its peak.at maxilllUJll flowering stage, Further studies by 

Okeyo-Owuor and Okech (unpublished data) have revealed that flowers 

of cowpea ere the most preferred plant stage by the pest and, 

therefore, support high larval populations of the species. 

The role of alternative host plants in aaintaining M. 

testulalis populations is well documented by Taylor (1967). Among 

other species, Crotolaria sp., ~ juncea, Sphenostylis stenocarpus 

L. were r eported as alternative host M:_ testulalis during the 

off-season in Nigeria (Taylor, 1967). Such host plants are 

important in perpetuating pest populationsfrom one season to the 

other as well as determing the subsequent population size attacking 

the crop and the rate of population build up. Atsatt and O'Dowd 

(1976) argued that many plants that attract insects may also 

function as decoys, causing mortality or reducing fecundity due to 

the presence of toxins or absence, deficiency or imbalance of 

certain nutritional materials, thus reducing insect abundance. The 

same authors reviewed the role of host plants as insectary plants 

for predators and parasitoids of insect pests. They reported that, 

when nector production by neighbouring insectary plants o r even host 

plants is synchronized with oviposition of these nat ural enemies, 

their efficiency may be significantly higher, causing reduced 

numbers in the pest. They illustrated this phen<>11enoo by quoting 

some typical examples f r om several workers in their paper entitled 

"Plant Defence guilds" (Atsatt and O'Dowd 1976). More recent 
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investigations have revealed that wild or alternative host plants 

are important in enhancing the effect of natural enemies on insect 

pests (Salick, l983; Altieri, 1983; and Cock, 1985). Cock (1985) 

observed that the cabbage budworw, Hellula phidilealis Wlk 

(Pyralidae ) which attacks Brassica crops and Cleome spp. in the 

Carribean suffers almost no parasitism on the crop, while it is 

attacked by several parasitoids on Cleome spp. Thus, if these 

parasitoids were introduced t o control other Hellule sp. on Brassica 

crops they might not succeed. However, if Cleome spp. are preferred 

hosts, then higher levels of parasitism in these plants might reduce 

the number of moths available to attack the crop. Sales (1985) 

found that the activity of natural enemies of §...:.. frugiperda was 

enl:nnced by leaving natural vegetation in close proximity to maize 

crop. He showed that under such conditions defoliation on the crop 

was less than ~. but attack by .§..:.. frogiperda increased 

significantly with the distance from natural vegetation. The 

importance of wild or alternative host plants in determining 

population abudDance of M. testulalis and their r ole on facilitating 

control by its natural enemies say therefore be expected. 

2.5 POPULATION ESTIMATION, LIFE TABLE AND KEY FACTOR ANALYSIS 

In studying population ecology of insects, mmy workers have 

described and used various techniqes in collecting and analysing 

data obtained from such investigations. To facilitate analysis from 

the data the number of individuals occurring in each life stage must 

be known or if cannot be directly sampled should be estimated. 
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Richard and Waloff (1954) and Dempster (1956) described methods of 

estimating population and mortality in each stage based on the 

calculation of the slope of the fall in the population after peak in 

numbers has been reached by extrapolating back to the origin of the 

generation. This method, which is based on logarithmic transformed 

data, is suitable for populations with rapid build-up and well 

defined peaks and is useful in estimating •ortality and initial 

number of individuals. Southwood and Jepson (1962) used a graphical 

method for estimating the total population at the lledian age of the 

stage. This is a perfect method, if mortality occurs only at the 

end of the slope but under-estimates the population, if 11<>rtality 

is constant and high. Another method for estimating JDOrtality and 

population in cases where there is prolonged build up in population 

and the peak is not well defined, was described by Richards et al. 

(1960). This method requires that the initial number of the 

population and the duration of each stage are known. Another 

technique descri~d by Dempster (1961), is applicable to in.sects 

with any number of generations a year, provided they are distinct. 

The various methods of population and mortality estimations in 

insect ecology have been reviewed and compared by several authors 

(e.g. Southwood, 1978; M~ly, 1974b; Birley, 1977). The aethod of 

Manly (1974b) is similar to that of Richard and Waloff (1954} and 

individuals, and the rate of entry into a stage do not have to be 

known. The method, however, assumes, that the time of entry into a 

stage follows a nonnal distribution. Whichever met hod is used, the 

purpose is to obtain reasonably accurate number of individuals in 

the different life stages of the species, to facilitate analysis and 

understanding of population change. 

I 

Li 
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Data froa regular population samples and estimates aay be 

analysed and interpreted in a number of ways. According to Morris 

(1957), preseot~tion of mortality data as high or low percentage 

contributes little to the understanding of population dynaaics. 

Solomon (1964) described in detail four methods used to assess the 

role of any 1tOrtality factor in insect populations; namely, (a) 

direct inspection of the effects of mortality factor on population, 

(b) artificial reduction or exclusion of mortality factors, {c) life 

table analysis and (d) key factor analysis. The last two methods 

are common and often used together in analysing insect populations 

and are briefly reviewed below. 

Life tables were originally used by students of human 

populations and were devised as a tool for demographical studies as 

well as for insurance purposes (Harcourt, 1969). According to Deevey 

(1947) life tables refer to "a concise summary of certain vital 

statistics of a population". Harcourt (1969), defined life tables 

as a condensed tabulation of the essential infonaation pertaining to 

the schedule of 11<>rtality for a known cohort of individuals • 

.Johnson (1978) stated that ecological life tables record a series of 

sequential 11easure9ents that reveal population changes throughout 

the life cycle of a species in its natural envirom1ent. 

Relationship of these 11easurements to mortality causes provide a 

budget of successive processes that operate in a tiven population 

(Harcourt, 1969). Solomon {1964) reported t.hat for valid comparison 

of ran&es of population fluctuations, one should consider the life 

stage 808t vulnerable to disturbing influences and life stage which 

is 110re closely regulated. For this purpose, Solc:mon (1964) pointed 
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out that census of the life stages and construction of life tables 

of the successive generations are necessary. The methods reviewed 

above on population and mortality estimates, especially that 

described by Bir~ey (1977), enable complete reconstruction of life 

tables made from census data at irregular intervals and grouped by 

life-stage. 

Deevey (1947) applied life tables for the first ti.me in 

natural populatiom while Morris and Miller (1954) presented the 

first detailed example of a life table for natural populations in 

an insect species, the spruce budworm, Choristoneura fumiferana 

(Clam). Harcourt (1969) reviewed the development and use of life 

tables in natural insect population including sampling plans for 

developing such tables. Harcourt (1969) and Price (1975) presented 

a review on the insects and systems for which a number of 

ecological life tables have been developed. Other workers who have 

recently considered life table as being an important tool in 

analysing population census data in insects include, Varley and 

Gradwell (1971); Southwood and Reader (1976); Podoler and Rogers 

(1974), Hassell et al. (1976); Birley (1977); Chibuchi (1979) and 

Danthanarayana (1983). Among the crop pests of lepidopteran 

species, detailed life tables have been developed for f. rapae on 

cabbage in Canada and lesser corn stalk borer Elasmophalpus 

lignosellis in Texas (Johnson 1978). The uses of life tables in 

identifying density dependent mortality factors have been advocated 

by authors such as Southwood (1969, 1978) and Varley et al. 1973). 

Hassell, (1985) presented some problems of using life tables for 

t his purpose. In general, life- table construction, although useful 
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in anlysing data, requires collection of data of successive 

:mortality factors within a generation from successive discrete 

generation, a situation which seldOll arises in tropical Africa (Cock 

1968). However, C~k (1986) stated that the key-factor analysis can 

then be used to identify a 110rtality factor 110St closely aatching 

the total or generation 110rtality and hence can be considered the 

key aortality factor. 

Key-factor is an important tool for analysing population 

census data. The tera "Key factor" was introduced by Morris (1959) 

for :mortality factors which "cause a variable mortality and are 

largely responsible for the observed changes in population" in 

successive generations. Using logarithmic equation Varley and 

Gradwell (1960) illustrated how key - factor may be used in 

population studies. This method is also discussed in detail by 

Clerk et al. (1972) and Varley et al. (1973). They observed that, 

the aim of key - factor analysis is to arrive at an equation that 

permits prediction of population density in the next or subsequent 

generation from data already available, and that this helps to 

provide a better UDderstanding of population dynamics of the 

insect. According to Morris (1959) and Varley et al (1973) key 

-factor is that factor responsible for causing population change or 

one which is of aost use in predicting population change. Since the 

last definition does not reveal the cause of change, Varley and 

Gradwell (1960) suggested the fonier as being the more accurate 

definition. 

Allong lepidopteran species, key -factor analysis has been 

used in studying population ecology oft.pherophthera brumata (L) 
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(Varley and Gradwell, 1960), Zeiraphera diniana (Auer, 1968), and 

EpYFyas postvittana (Wlk) (Danthanarayana, 1983). In recent years 

key-factor anlysis has been used on a number of invertebrates to 

analyse population census data and also to compare life tables of 

the same species of insect in different places (Huffaker and 

Kennett, 1966; Varley and Gradwell, 1971; Clerk et al., 1972). 

Several 9ethods, including visual inspection say be used to 

deteraine key-factor. in a population data. Hassell and Huffacker 

(1969) calculated key-factorsusing correlation coefficients between 

values of total generation mortality (K) and individual 

submortalities (k) and from graphical plots of these values they 

used the technique to determine key mortality factors from Ii fe 

table data. This technique was also used by Harcourt (1971) and, in 

this case, a high correlation indicated the key-factor. Development 

and comparison of key-factors from life-table data for different 

generations in insect species has been reported by Varley and 

Gradwell (1960; Luck (1971); Varley et al, (1973); Johnson (1978) 

and Danathanarayana (1983). 

Although both life table and key-factor analysis are 

i.Jlportant in understanding population dynamics in insect species, 

they have 11<>stly been used in studying forest and perennial crop 

pests in temperate regions. Insect pests of crops in the tropical 

regions, have received no attention in this respect. 

• 
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CHAPTER III 

MATERIAI.S AND METHODS 

3.1 STUDIES ON NATURAL POPULATION OF MARUCA TESTULALIS 

3.1. Locality 

The studies were conducted at rcIPE•s Mbita Point Field 

Station (MPFS) situated in a subsistence farming are in western 

Kenya. The Station is about 1240m above sea level and lies between 

5°s and 5 . S<>s latitude and 3<>E: and 4°E longitude. At this Station, 

there is usually one rainy reason which occurs during the months of 

March to June, but sometimes short rains aay occur between October 

and December but these are sporadic and unreliable. In some cases a 

long dry spell occurs which starts from July to September or even 

upto March the following year. Hence, there is only one cropping 

season a year in the area. The mean annual rainfall is about 900m, 

most of which falls in the long rainy season. The temperature and 

relative humidity are nonaal ly 24-30oC and 50-80~ , respectively. 

The field Station bas bl ack cotton soil with poor drainage. Field 

studies were also conducted in a subsistence farm in Lambwe Valley 

(about 20 k:a east of the Field Station) where rainfall is more 

reliable and usually supports two cropping seasons in a year. 
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3.1.2 The Host plaot 

A large collection of local and exotic cowpea varieties 

exist at the Field Station and are being used for various research 

purposes. A local cowpea variety, ICV 6, popularly known as 

'Ex- Luanda', was selected for the studies (Plate 5). This is an 

indetenninate and medium maturing (10-12 weeks) variety grown by 

many subsistence farmers for leaf vegetable and dry seed production 

in western Kenya. Studies at MPFS farm during 1980-1982 showed that 

the variety produces 35-45 flowers, 15-28 pods per plant and yields 

300-600 kg/ha of grain if unprotected by chemical treatment, 

(Okeyo--Owuor, unpublish~ reports). The variety is susceptible to 

infestation by M. testulalis, especially on meristematic parts of 

the plant, flowers and developing pods. 

3.1.3. Experimental layout 

Experimental fields of size 250om2 were prepared at both 

MPFS and a subsistence farm in Lambwe Valley. The cowpea ICV 6, was 

planted at the spacing of 50 Oii between and 30 cm within rows. The 

area was divided into 16 plots each of size 156.25-2 to provide for 

a stratified l ayout for sampling purposes as described by Cochran 

(1963) and Snedecor and Cochran (1976). The experimental block was 

surrounded by a 2m wide guard row of the same cowpea variety. 
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Planting at both sites was synchronized with the onset of 

both rainy seasons. The studies were conducted during the short 

rainy seasons from 1983 to 1985 at MPFS and long rainy seasons from 

1984 to 1985 at the subsistence farm. Crops were also planted durin 

the off-season at MPFS in 1984 and main t ained under irrigation. No 

chemical insecticide was used to control pest throughout the study 

period. 

3.1.4 Sampling Procedure 

Samples were collected from each plot for the census of each 

life stage of M. testulalis using the technique described below. 

Egg and Larvae: 

Destructive sampling method was employed to sample for eggs 

and larvae of M. testulalis. Sampling was started two weeks after 

crop emergence since earlier studies at MPFS had shown that M. 

testulalis attacks the crop as early as between 21 to 30 days after 

plant emergence (DAPE) (Okeyo-Owuor end Ochieng' unpublished 

report). Random samples of 10 plants per plot were taken every 

three days so as to allow for recruitment of the different 

development stages from egg to fifth iostar larva. The plants were 

uprooted as shown in Plate 5 and the different parts of the plant 

carefully searched for the presence of egg and larvae of M. 

testulalis. The larvae found were counted and sorted int o different 

i nstars; both the eggs and larvae were then taken to the l aborat ory 
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where they were reared to recover adult aoths or any parasitoids. 

Field collected larval cadavers were taken to Insect Pathology Unit 

at the Station to isolate and identify pathogenic microorganisms. 

Due to the difficulty involved in ex8Jlining eggs in field 

smnples, several methods were tried. The methods by .Ja.ckai (1981) 

using oil soluble dye to detenaine oviposition sites• of.!• 

testulalis, which depends on artificial infestation of t he plants by 

moths fed on dyed diet, was fotmd unsuitable for detecting the 

oviposition sites or even locating eggs. Moreover, the technique is 

not applicable in natural populations . A direct egg dying method 

was also attempted without success. Laboratory tests with various 

dyes on M. testulalis eggs laid on clean cowpea leaves showed 

methylene blue to give the best dying results, as the eggs could 

clearly be seen and easily counted. However, in the field situation 

this method "9-as f ound unsuitable for a number of reson.s. First, 

foreign objects on the plant surface were also stained, making it 

difficult to locat e and count the eggs. Secondly, soil particles on 

the plant a l so aade it difficult to detect the eggs, especially 

after a rainy day. Thirdl y, the sample size was too large for 

applying the dye effectively. Last l y, the use of thi s dye to locate 

eggs for counting consumed just about t he smae time as direct 

searching and counting method. The direct inspection and counting 

method was therefore adopted for estimation of egg numbers. 
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Prepupae and Pupae 

Although, Vishakantaiah and Babu (1980) reported that M. 

testulalis pupat~d on the pigeon pea plant i n India, studies in 

Nigeria and at MPFS, Kenya, have shown that, in cowpea crop pupation 

occurs in the soil (Taylor , 1967; Okeyo--Owuor and Ochieng•, 1981). 

Thus, in these studies a suitable techniqe to collect M· testulalis 

pupae froa the soil was developed. Because of the type of cocoon 

surrounding M. testulalis pupae, direct sampling by soil collection 

and sieving was not appropriate, due to difficulties in recovering 

pupae as well as causing high mortalities. The use of corrugated 

paper sheets as pupal traps were found suitable for sampling of M· 

testulalis pupae from cowpea fields and was adopted throught the 

study periods. The corrugated paper sheets :manufactured from local 

paper mills in Kenya for packing purposes were bought in rolls from 

wholesale shops in Nairobi, Kenya, and used for the study. The 

paper sheets were placed on top of the soil under the crop canopy; 

the mature larvae then descended from the plant, and crawled under 

the sheets where the pr epupae prepared cocoons in the paper grooves 

for pupation (Plate 6). The pupae were collected by carefully 

lifting the sheets from the soil. The pupae were usually found 

lying attached along the grooves on the under surface of sheet s. 

During the studi es, ~ of such paper traps each measuring 30 Oil x 30 

cm were placed in randomly selected sites in each plot. The traps 

were checked every three days and the pupae and prepupae found were 

collected and taken to the laboratory for recovery of moths and 

parasit oids. Dead pupae collected froa the field were diagnosed for 

insect pathogens. 
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Adults 

To sample adults emerging from the field for the purposes of 

population estiaatioo in experimental plots, emergence traps 

designed to cover an area (1.5 ._2.) with 10 cowpea plants were 

used. To achieve this, steel frmnes measuring 100 cm wide, 150 cm 

long and 100 cm high, covered by a fine wire mesh on all sides 

except the bottom surface were used to r ecover adults emerging from 

pupation (Plate 7). In each plot out of a total of 16, four traps 

were placed from the onset of flowering to pod maturity and after 

harvest. The traps were regularly moved around in each plot and the 

moth emer gence checked every morning. The number of M.:. testulalis 

:moths emerging f roa the traps were collected and their number 

recorded. 

To provide information on crop colonisation and the adult 

population fluctuation throughout the cropping and off season, 

pheromone traps using virgin females as baits were placed in each 

study area and the nUJlber of male mioths t rapped was recorded every 

JDOrning (Plate 8). The pheromone trapping technique for M.:.. 

testulalis was described for the first t i.Jle by Okeyo-Owuor and 

Agwaro (1983). 
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3.1.5 Temporal distribution and Population analysis 

Data from field samples were used to construct temporal 

d :istribution graphs for the different life stages of M. testulalis. 

The life stages whose te.poral distribution graphs were consturcted 

were eggs, first acd second instar larvae (Larvae I-II), 3rd instar 

larvae (larvae III), 4th instar larvae (Larvae IV), 5th instar 

larvae (Larvae V), pupae and adults from emergence traps. To 

construct the graphs the data for all the life stages were 

tranfonaed into density per hectare by 11Ultiplying the number of 

insect per sample by a constant, i.e. an inverse proportion of the 

hectare. In the case of eggs and larvae, the mean number of 

individuals per plant sampled was multipled by the number of plants 

per hectare, while for pupae and adults the density per hectare (NA) 

was ~btained by dividing the number of individuals per unit area 

s8lllpled (Nt) by the area sampled (a) and multiplying by the area of 

the hectare (A) as follows:-

NA = Nt . A/a 

Data on the first and 2nd instar larvae were pooled and presented 

graphically as one growth stage, since it ws not easy to s eparate 

them. The curves for the 3rd, 4th and 5t h larval instars as well as 

pupae and adults were constnicted separately. The curves for pupae 

and adults were constructed f rom the counts taken froa pupal and 

adult emergence traps respectively. 
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Since the field samples failed to yield the correct values 

of egg population, the number of individuals in this stage was 

estimated to facilitate the construction of life tables BDd 

key-factor analysis. The various methods of estimating population 

from field samples have been reviewed in Chapter II. To estimate 

the number of eggs of M. testulalis occuring in each generation the 

method by Richard and Waloff {1954) and Manly {1974a) was preferred 

over the others. The method of these authors is based on the 

calculation of the slope of the fall in the population after peak in 

numbers has been reached by extrapolating back to the origin of the 

generation. This method may be used to estiJlate mortality BDd 

initial number of individuals in a life stage if the population has 

a well defined peak and a rapid-build up. Further, the method also 

assumes that the mortality rate is steady throughout the 

generation. Population trends of M. testulalis satisfied these 

requirements, hence, the choice to use this miethod to estimate egg 

numbers. To do this the individuals per sample per hectare were 

transfonned into logarithm values and the logarithm values obtained 

after the peak population were plotted against tille (days after 

plant emergeoce)using a "Wang Professional Computer" which gave 

lines of best fit. These lines were then extrapolated back to the 

origin of the generation. The respective values of loge.ritha at 

this point were read off from the Y axis and transf onaed back to 

their antilogs to give the number of M. testulalis eggs in each 

generation . 
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Standardised numbers were obtained by dividing the population of 

each l i fe stage per heactare by the developmental time of the 

appropriate life stage. 

Standardized No.iha = NT; t 

where t = mean developmental time obtained at 29oC under laboratory 

conditions at MPFS. and NT = the number of individuals in each 

generation. The method described by Southwood and Jepson (1962) on 

plotting the area under t he curve to give life-stage days per 

hectare and then dividing by the developmental gime gave more or 

less similar results as the method described above when one small 

square in the graph paper was considered to represent a unit of 

populat ion per hect are. 

The standardi zed values obt ained were used to construct 

part i al ecologi cal age-speci fic life tables for M. testulalis for 

the various generat ions at both s ites. The life tables were 

constructed using the f ormat of Morris and Mil l er (1954). According 

to t hese authors the age interval, e.g. egg, larval. etc. are 

represented by x in the life-table. lx represents number of 

individuals a l ive at stage x, dxF - f actors r esponsible for 

mort ali t y, dx - number of individuals dying during x, lOOqx -

apparent mortal ity and l OOrx - real mortality. The factors 

r esponsibl e for mortal i ty were grouped into disappearance, 

parasitism and disease , where disappearance represented any loss in 

numbers caused by factors which were not direct l y examinable such as 

predation, dispersal. etc. 
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The values from life tables were used to construct partial 

mortality budgets and used for key-factor analysis as described by 

Varley and Gradwell (1963) and Southwood (1978). The method 

involves transforming the values in the lx column into logarithms 

and then substracting the log values to give k-values as follows 

loglxo - loglxl = k0 , loglxl - loglx2 = k1, etc, etc. The 

various k- values obtained signified the various mortality factors 

occurring at the different life stage the sum of which represented 

the total generation mortality (K). 

K = k + k1 ---k· 0 l 

The k - values including the generation mortality were plotted 

against generation, and by inspection the various graphs were 

compared with that of K. The k - value graph that appeared more 

similar to K than the others was considered as the key-mortality 

factor. Correlation analysis was also conducted between the k -

values which appeared similar to K against K to confirm the key 

mortality factor as described by Hassell and Huffacker (1969) and 

Harcourt (1971). The k - value which showed high correlation to K 

was the key factor. The various mortality factors which showed 

positive relations to K were then analysed for density depenced by 

plotting k - values against log of population density (lx) entering 

the age interval on which it acts (Varley and Gradwell 1963). A 

slope of unity (1.0) indicates that the density-related mechanisms 

are operating and completely compensating for changes in host 

density, while a slope of less than 1.0 suggests that the factor 

undercompensates for the change. A negative slope indicate inverse 

density dependence. 
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3.2 SURVIVAL A.~ DEVELOPMEST OF~ TESTULALIS ON HOST PLANTS 

Survival and development were investigated on the main host 

plant, cowpea, and wild host plants under natural and artificial 

infestation. 

3 . 2.1. Survival and Development on Cowpea 

During the field studies, data was collected on the various 

aspects of plant phenology, such as, growth pattern, production of 

vegetative and reproductive parts of the plant. The number of 

leaves, flower buds, flowers, and pods were counted during each 

sampling date. The relationships between these units and the 

natural population density of M..:_ testulalis was analysed using 

correlation/regression programmes in the "Wang Professional" 

computer. The information obtained was used to determine the effect 

of plant phenology on nat ural population density of the pest. 

Furt her studies were conduct ed in screenhouses, open field 

and on potted plants to determi ne the effect of cowpea plant 

phenology on the survival , development and popul ation changes of the 

known cohort of M· t estulalis . These studies were conducted at MPFS 

and the cowpea plants (ICV6 variety ) were artificailly infested with 

eggs of M· tes t ulalis. Infes t ation on the potted plants performed 

poorly due to poor development of the plants resul ting into mass 

dispersal of larvae after egg batch. 
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? In screen house experiments (screen house size 84 m-, 
., 

divided into 4 plots, 18 m- each) the ICV6 variety was planted and 

managed from the beginning of the long rainy season 1984 according 

to the recommended agronomic practices described above. The plants 

were irrigated regularly. The experiment was repeated four times. 

At 25 DAPE the plants were artificially infested with eggs at black 

head stage at the rate of 20 eggs per plant. A cowpea leaf 

containing eggs was·· pinned onto each plant in the evening to avoid 

dessication of the eggs. A total of 60 plants were infested per 

plot an alternate row of cowpea was left unifested. 

In open field experiments artificial infestation was also 

done following a similar procedure but this case some plots were 

left open in the field (uncovered) and the others covered by a nylon 

mosquito netting just before artificial infestation. While the crop 

in the screenhouse was irrigated, the field crops were rainf ed. 

The plants were checked every 12 hours for egg hatch until 

no more Viable eggs were detected. The number of unhatched eggs 

were recorded. Sampling for larvae started 3 days after infestation 

and samples were collected every 3 days to take care of recruitments 

into the different development stages. During each sampling day 10 

plants were sampled from each plot, five each from the infested and 

unifested plants. The unifested plants were sampled to recover 

those larvae which might have dispersed from the infested ones. The 

plants were carefully searched for the presence of larvae and those 

recovered were recorded. However, the larvae were returned into the 

crop to restore original number of larvae before sampling. Any 

larvae found dead were examined for the presence of parasitoids and 

pathogens as described earlier. 
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Pupae were sampled by using the cardboard pupal traps as 

described before. In each plot 26 traps each measuring 30 cm x 30 

cm were placed under the crop canopy. The traps were checked every 

3 days and the pupae were then placed back and no pupae were removed 

from the traps. The number of adults emerging in the screE!l house 

and in the plots covered by the nylon netting was estimated by 

searching the plants and taking adult counts until no more emergence 

was observed. In all the treatments, especially in the open plots 

the number of empty pupal cases on pupal traps was used to estimate 

t he number of adults emerging. 

Further studies we r e conducted in the laboratory to 

determi ne the suitability of different cowpea parts for survival and 

development of M. testulalis. Cowpea plants (ICV6 variety) at 45-55 

DAPE were used for the study. At this stage, t he different parts of 

the plant (i.e. stems, leaves, t enninal buds . flower buds, flowers, 

tender and mature green pods) were used for rearing t he larvae 

First instar larvae were planced singly per glass vial containing 

the different parts of the pl ant and left to feed ad lib. The t ops 

of the vials were covered with a piece of cot t on wool and the diet 

was changed every 2-3 days during which t ime t he number of larvae 

surviving, and their w e:ights were recorded. At pupation s t age t he 

number of pupae, larval period, pupat i on peri od and pupal weights 

were recorded. The number of adul ts emerging was r ecorded and the sur­

vival and life cycle of the insects were computed. 
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3.2.2. The role of Wild Host Plants on Population of M. testulalis 

Field studies were conducted to search for possible wild 

host plant of M. testulalis and determine their role in sustaining 

the pest and its natural enemies. Studies were conducted at the 

following sites: 

1. MPFS area 

2. Rusinga Island (7 km from MPFS) 

3. Lambwe Valley (site l) near the farmer's experimental 

field. 

4. Lambwe Valley (site 2) about 15 km from site 1. 

(Cowpea is not grown in this area) 

5. Ran~e area; a cowpea growing area 60 km from MPFS and 

45 km from Lambwe site 1). 

These sites were sel ected on the basis of the variation of 

weat her condition as well as farming systems. At MPFS and Rusinga 

there is only one reliable rainy season, supporting one cropping 

season (semi-arid), while at the other 3 sites both the long and 

short rains occur, and support 2 crops. Areas 1, 2, 3 and 5 were 

also selected as si t es because of the agroecosystem which normally 

i ncludescowpea crop cultivat ed as intercrop with other cereals and 

wild hosts may provide an important source of M. testulalis on 

cowpea crop. There is lillited agricultural activity in area 4 which 

lies partly in the Lambwe game ·reserve. Since it is a stable 
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ecosystem, (except for occasional fires) t his site is a potential 

source of crop pests such as M. testulalis and their natural enemies. 

Weakly s~arch of wild host plants were conducted during the 

short rains from November 1984 through the 1984/85 off season to the 

end of long rains, J uly, 1985. Several leguminous plants were 

collected and searched for eggs and larvae of M. testulalis. Any 

larvae found were brought back to the laboratory and reared on 

cowpea flowers and green pods until pupation. The dead larvae and 

pupae found on the plants and those dying during rearing were 

examined for parasitoids and pathogens. Those suspected of 

containing parasitoids were kept until the parasito i ds emerged. The 

paras i toids were then pr eserved and identified as described later. 

3.3 EFFECT OF SOME CLIMATIC FACTORS ON ~ TESTULALIS 

3.3.1 Field Recording of Climatic data 

During the field studies, changes in temperature, relative 

humidity (R.H.) and rainfall were recorded usi ng thennohygrograph 

(model Wilh. Lambrecht, type 253) placed in - a Stevenson's screen 

'· 
(Plate 9). Rainfall was recorded with the standard rain gauge 

distributed in the study ar ea. Facilit i es were not available for 

recorded other climatic factors. The data on population estimates 

f rom field samples were analysed in relation to changes in 

temperature , rainfall, and R.R. 
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Optimum Temperature for Survival and Development of M. 

testulalis 

The obj~ctive of this study was to determine the optimum 

temperature for survival and development of this pest. Under 

natural conditions at ~FS and Lambwe temperatures fluctuate between 

15oC and 35oC. Thus, the temperature used in these investigations 

were selected within this range . 

The experiment was conducted in growth chambers (~odel B & T 

cooled incubators) with constant temperature set at 18°c, 21°c, 

23°c, 26°C, 29°C and 35°c. 

A known number of freshly laid eggs of ~ · testulalis were 

place in a small perforated petridish and each of which was placed 

in separate growth chambers set at different constant temperatures 

for 18 hours. A thermohygrograph was placed in the chambers to 

monitor temperature and R.H. conditions, as power supply in the 

laboratory is switched on only for 18 hours in a day. 

The eggs were checked for hatching daily and the number of 

first instar larvae recorded. The larvae were then placed singly in 

glass vials with tops covered with a fine cloth to prevent escape. 

They were fed on fresh clean cowpea flowers and left under similar 

temperature condit ions as the eggs. Their food was changed every 

two days until they pupated. Any dead larvae were recorded and 

removed from t he chamber every day. The pupae were weighed and left 

in the chamber to develop t o adults. Records were taken on egg 

incubation pe i od, ~ eclosion, survival in the larval and pupal 

stages, pupal weight , ~ pupation and adult emergence, and life cycle 

duration. 
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3.4 STUDIES ON NATURAL E~"EMIES OF M. TESTULALIS 

During the field population studies described above, 

observation;;were conducted on the occur rence of natural enemies of 

M· testulalis with special emphasis on parasitoids and pathogens and 

their effect on the pest population . Incidence of and mortality due 

to predators were difficult to quantify; hence, their contribution 

to generation mortality was pooled under disappearance in life 

tables . The nocturnal habit and hiding behaviour of M. testulalis 

made it difficult to directly observe predation in the field. 

Predators as a group are also general feeders, although some such as 

?J1odol:iacardinalis are specific to Iceria purchasi. 

3.4.1. Parasitoids: Field Studies and Identification 

Field collected larvae and pupae were placed singly in 

sterilised plastic vials and t heir tips covered with a fi ne nylon 

mesh t o provide ventilation but not to allow escape of any larva or 

parasitoid. La..""Vae were fed on fresh ICVS cowpea flowers by the 

rearing methods developed by Ochieng' et al. (1981). Any 

parasitoi d emerging from the vials was collected for rearing and 

i dent i fication. The parasitoids were sent to t he International 

Ins i tute of Entomology, Brita in , for identification and confi rmation. 

During the sampling period the proportion of larvae and 

pupae of M· testulalis parasitized by the var ious parasitoids and 

the number of parasitoids recovered per sample were recorded. 



53 

3.4.2. Biology of Tetrastichus sesamiae Risbec (Eulophidae). a 

pupal endoparasitoid. 

Laboratory Culture 

During the field studies of M· testulalis at both sites, 

several larval and pupal parasitoids were recovered and identified. 

Due to sporadic nature of their occurrence. all except Tetrastichus 

sesamia proved difficult to culture in the laboratory. ~ sesamiae 

is a gregarious pupal endoparasitoid and was more frequently 

collected from the MPFS study plots. 

A laboratory colony of this parasitoid was estabished from 

parasitized pupae obtained during field samples. A laboratory 

culture of M· testulalis reared on cowpea flowers was used as a 

source of host pupae for maintaining the parasitoid colony. The 

progeny and sex ratio were recorded on parasitoid emergence. Adult 

parasitoids were kept in transpar ent perspex cages (measur :ing 25 cm 

width x 25cm length x 22 cm high) where they were fed on 20% 

honey syrup soaked in cotton wool. Zero day old pupae were 

introduced into the cage and exposed for 48 hours for parasitoid 

oviposition. This was repeated until all para.sitoids died. The 

pupae were then removed and placed singly in small plastic vials 

with tops securely covered with fine nylon mesh. A large laboratory 

colony of the parasitoid was establ ished by this method to provide 

aaterial for studies on its biology and behaviour. These studies 

were conducted under laboratory room conditions. with a range of 

temperature of 22-28oC and relative humidity of 55-70~. The rooms 

had 12 hours light and 12 hours darkness throughout the study period. 
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Behaviour of !.:.. se.samiae 

Plastic vials (3'0 ml in volume) with secure tops were used 

to hold one pair freshly emerged female and male parasitoids for 

mating behaviour and longevity studies . A completely randomized 

design (CRD) was used to evaluate the effect of absence or presence 

of host pupae on longevity of the parasitoid. The effect of 

commercial honey and sucrose solutions in water (5%, 10%, 15%, 20%, 

w/v) as food source on longevity and survival of the parasitoid was 

also s tudied. The experiment was laid out in a completely 

randomised block design (RBD) replicate 30 times. Mating and 

oviposition behaviour of the:Rarasito:idas well as its life cycle 

were observed. Studies were also conducted to determine time of 

parasitoid emergence from 30 parasitized pupae. 

Reproduction and Development on M· testulalis 

Potential fecundity and progeny production were studied 

under the laboratory condition specified above. Potential fecundity 

was es t imated by teasing gravid young females to release eggs on a 

drop of water on a slide and counting the eggs under a Wilde M5 

dissecting microscope. Progeny production of females was estimated 

by counting the number of parasitoi~emerging from all the pupae 

parasitized by one females. The influence of food quality on 

reproduction and development was studied using sucrose and honey as 
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described above. One pair of freshly emerged male and female 

parasitoids were placed in each vial and supplied with a food 

source. One host pupa was placed in each vial and the parasitoids 

were allowed to oviposit over a 48-hour period after which the pupa 

was removed and kept in separate vial. The parasitoid was then 

offered another fresh pupa. This was continued until the female 

parasitoid died. The pupae were kept separately until the adult 

parasitoids emerged. The experiments were laid in an RBD with 30 

replications. 

The suitability of the different stages of M· testulalis 

pupal development for parasitizatioc was determined using 20 pupae 

of each age group (From prepupae to days 8 old ~upae). The prepupae 

and pupae were exposed for 48 hours for parasitoid oviposition in 

the vial after which they were kept separately for parasitoid 

development and emergence. The effect of host age on period of 

development and rate of parasitization was determined by comparing 

the duration of development to adult parasitoid after exposure, the 

progeny production and the percent pupae parasitized in each age 

group. 

The influence of pupal s i ze on parasite development and host 

selection was studied. Pupae of weights ranging from 2.5 mg to 5.1 

mg. selected from a laboratory colony were weighed using a 

'Sartorius' electronic analytical balance 'type, 1972 MPB'. Ten 

pupal~sizes were were selected and the pupae were placed singly in 
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labelled 30 ml. vials. A pair of freshly emerged male and female 

parasitoids were introduced into each vial and left for 48 hours. 

After exposure the pupae were kept separately for parasitoid 

development and emergence. The number of parasitized pupae, the 

number of parasitoid.s emerging per pupae and t~ duration 

parasitoid development in each pupae were recorded. 

Host preference of T. ses8Jliae 

Further studies were conducted to determine the alternative 

hosts and their effect on development of the I· sesamiae especially 

among the l epidoptera pests of crops in western Kenya. The pests 

tested were Busseola fusca , Chilo partellus, Eldana saccharina , and 

Spodoptera exempta all of which attack cereal crop grown as 

intercrops with cowpea. Freshly emerged parasitoids were exposed to 

one day ol d pupae of these pests in the same manner as described 

above and the rate of parasitism, progeny production and the 

development of the parasitoid in each host pupae recorded. 

3.4.3 Incidence, Pathogenicity and Virulence of 

Microorganisms on M· testulalis 

Field Collection, Isolation, and Identification 

During the f i eld studies, larval and pupal cadavers as well 

as f eeble looking larvae were collected to isolate and identify 

insect pathogens present. The different groups of pathogens were 

determined by external symptoms and exm1i nation under light 

microscopy. The material was macerat ed in a drop of distilled water 

placed on a microscope sl i de. The suspension obtained was covered 
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with a coverslip, and examined under a compound microscope (Leitz 

Dialux 20EB). 

With the assistance of insect pathologists at the ICIPE' 

Insect Pathology Unit at MPFS, and various reference books on insect 

pathology including that by Poiner and Thomas (1984), the 

microorganisms were tentatively identified. 

Culturing and Purification of the Microorganisms 

The various microorganism isolated and identified namely 

bacteria, protozoa and fungi (except viruses which occurred in 

negligible proportions) were cultured using the foll°"'ing techn i ques. 

To culture the bacteria (Bacillus sp. and Coccus sp.) 

recovered from cadavers of M· testulalis, a standard nutrient agar 

(NA) medium was used. The medium is a powder with a composition of 

'Lab m' peptone 5.0 g, 'Lab m' beef extract 3.0 g, sodium chloride 

8.0g and 'Lab m' agar 21.0g at pH 7.3. To formulate the medium, 28g 

of the powder was added to 1 litre of distilled water and boiled 

while frequently being stirred. The mixture was then sterilized in 

an autoclave for 15 minutes at 12loC; it was t hen dispensed into 

clean sterilized glass petri-dishes and allowed to cool to room 

temperature under sterile conditions . This medium was also used to 

purify, isolate and culture the vari?us types of bacteria obtained 

from dead M· testulalis. Dead larvae containing bacteria were 
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examined under the microscope and kept in separate vials. To 

innoculate the medium, pieces of the dead insect were macerated in 

distilled water on a sterilized glass slide and, using a sterile 

wire loop, the innoculum was streaked into the culture medium. This 

was done for each group of bacteria. The petridishes with the 

ionoculum were placed in a growth chamber maintained at 30°c for 48 

hours. Clones of bacterial cultures formed were harvested, purified 

further by repeating the same procedure as described above. The 

r esultant cultures were used in bioassays to determine pathogenicity 

as described by Poiner and Thomas (1984). 

Fungi recovered from field samples were cultured in 

Sabouraud Dextrose Agar (SDA), a nutrient medium formulated for 

culturing saprophytic and pathogenic dermatophytes. The powder 

medium contains 40 g dextrose, 10.0 g 'Lab m' balanced peptone No. l 

and 12.0g ' Lab m' agar No. 2 at pH 5.6. To prepare the medium 62g 

of the powder was mixed with 1 litre of distilled water and boiled 

with frequent stirring until the powder dissolved. The solution was 

sterilized in the autoclave for 15 minutes at 121°C and then 

dispensed in clean sterilized glass petridishes which were then 

covered and left to cool to room temperature under sterile 

condit i ons . The medium in each petridish was innoculated with 

fungal suspension from macerated cadavers as described for 

bacteria. The culture was maintained in a growth chamber at 30°c 

for 48 hours after which it was harvested, purified further and used 

in pathogenicity tests. 

I .,, 
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Live M· testulalis larvae were used to culture Nosema as 

there is no known artificial medium for the protozoan. Cadavers 

observed under the microscope to contain a high concentration of 

Sose!lla spores were macerated and used as source of innoculum. Three 

methods were tried for innoculating the protozoa into live 3rd 

instar M· testulalis larvae . In the first technique, the larvae 

were introduced into a watch glass containing a suspension of the 

innoculum in distilled water and left for about 1-2 minutes to get 

contaminated by the suspension. This method was found to be time 

consuming and unsuitable as it r esulted in larval mortality thr ough 

drC\orning. The 2nd method involved dipping con~ea flowers into the 

the prepared innoculum solution and feeding larvae on them. 

However, since the flowers collected from the field also contained 

contaminations of other microorganisms this met hod was also not 

pre f erred for culturing. The last method us i ng a nutrient agar gel 

(NAG) as a carri er for the innoculum was developed. Earlier studies 

at MPFS by Okech (unpublished data) showed that M· testulalis larvae 

fed well on the nutrient agar gel. The NAG was prepar ed by mixing 

t he following ingradients; 4.0 g agar, 1.0 g cellulose , 3.4 g 

sucrose and 91.6 ml distilled water. The mixture was boiled with 

frequent strirring and then dispensed into s t erilized petridishes. 

The SAG was left to set at room temperature. Using a cork borer 

(diameter 0.5 mm) equal quantities of the NAG were dipped int o a 

suspension of Nosema in distilled water and then t ransferred into a 
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dry sterile vial (75 mm long; 25 mm in diameter). Healthy 3rd 

instar M· testulal is larvae were offered NAG contaminated with 

Nosema and left to feed for 24 hours. This method minimized larval 

mortality due to handling and ensured free ingestion of the 

innoculum by the larvae. The larvae were then fed on clean flowers 

of the ICV6 cowpea variety until mortality occurred. A clean 

sterile vial was used each time to minimise contamination in the 

process of changing diet and transfer of larvae. The dead larvae 

were then used for culturing, isolation and pathogenicity studies. 

Bioassay for Pathogenicity 

Bioassays were conducted to determine patbogenicity and 

virulence of the microorganisms isolated from dead M· testulalis 

using the same innoculation procedure as described above. During 

these studies only four groups of microorganisms (protozoan, Sosema 

sp . ; bacteria, Bacillus sp., Coccus sp.; and fungi, unidentified) 

were isolated and tested. Live healthy larvae were innoculated and 

placed singly on clean sterilized vials and fed on fresh clean 

flowers of the ICV6. The five treatments tested against 3rd instar 

larvae were, (1) Nosema, (2) Bacillus, (3) Coccus, (4) Fungus and 

(5) Control (with distilled water) . 
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Treated larvae were maintained by the normal rearing 

methods. The following observations were made: (a) m"orta l ity and 

survival, (b) development period or time taken to die, (c) weight 

gained by larvae, (d) pupal weight, (e) fecundity of emerging 

females and (f) presence of pathogenic microorganisms in dead larvae 

from treated and live larvae from untreated {control) groups. The 

experiment was set in an RBD replicated 30 times (one larva 

constituting one replication per treatment). The presence of 

microorganisms on the cadavers from treated and control tests were 

examined on a glass slide under the compound 'Lietz' microscope at a 

mag~ification of 40 x and rated as follows: O=absent, •=rare, 

++=moderately abundant, and +++=abundant. 

From the results obtained from the pathological tests above, 

further bioassays were conducted to determined the effect of Nosema 

sp. on the development and survival of M· testulalis larvae. The 

third innoculation method as described above for this protozoan was 

used in these tests. Larvae from 1st to 5th instar stage were used 

in experiment s laid in a CRD and replicated 20 times. Healthy 

larvae reared on natural diet of cowpea flowers as described by 

Ochieng' et al. (1981) were used for the study. Before the 

experiment the larvae were kept singly in clean vials and starved 

for 12 hours . 
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Plate 5. The ICV6 cowpea plant showing the various parts of 

the cowpea plant on which M· testulalis may be found 

during sampling. 

Plate 6. A t rap designed for field sampling of M· tes t ulalis 

pupae, showing pupae and prepupae trapped. 
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Plate 7. An emergence trap designed for sampling M· testulalis 

moths emerging from pupae in cowpea crop. 

Plate 8. A pheromone trap used for monitoring male M· 

testulalis in cowpea crop. 





Plate 9.A thermohygrograph placed inside Stevenson's screen 

for recording ambient temperature and relative 

humidity on cowpea crop. 
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CHAPTER IV 

R E S U L T S 

4.1. NATURAL POPULATIONS OF M· TESTULALIS ON CC>n~EA CROP 

4.1.1. Colonization and Temporal distribution 

Mbita Point Field Station 

1983: Studies at MPFS during the short rainy period 

showed that M· testulalis moths first appeared on the pheromone trap 

15 days after plant emergence (DAPE) (Fig-Ure 1-2). Peak population 

density occurred 36 DAPE when the highest number of male moths were 

collected in the pheromone trap (Figure lA). The moth population 

declined after this peak reaching zero level at 60 DAPE, but rose to 

a second peak 12 days later (Figure lA). 

Temporal distribution of the ~· testulalis life stages is 

presented in Figure 3 for 1983 short rainy season. Eggs were first 

examined on the crop about 25 DAPE. This occurred at the time the 

first .flower buds were formed on the cowpea plants . The eggs were 

s arcely distributed on the plants sampled at this stage and their 

numbers are not reflected in Figure 3. From 33 DAPE, the number of 

eggs rose to a peak 42 DAPE after which the number declined sharply 

to zero (Figure 3). The one peak observed represented only one 

generation during the crop development stage. There was 

considerable overlapping of stages within this generation throughout 

the crop developme~t period (Figure 3). Temporal distribution of 
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the other life stages also showed only one peak which in the case of 

larvae occurred at peak flowering while those of pupae and adults 

occurred later (Figure 3). 

1984: Initial colonization of cowpea crop by M· 

testulalis moth during the long rainy season is shown in Figure 

lB The first male moths were attracted to the pheromone trap 15 

DAPE, but the population remained extremely low and started 

increasing to a peak between 33 and 39 DAPE after which the 

population dropped and remained low but stable (Figure lB) . Another 

peak was observed after pod maturity (Figure lB). Figure 4 shows 

the temporal distribution of the pest's life stages during early 

1984 long rainy season. Eggs were found on the crop 30 DAPE, but 

due to heavy rainfall and poor weather conditions, the counts were 

considered unreliable (Figure 4), since the number of eggs recovered 

was lower than expected. The number of 1st and 2nd instar larvae 

were much higher than the number of eggs recovered from direct 

counts (Figur e 4), indicating that the met hod of egg sampling 

under-estimated egg population during this season. Thus, for 

construction of the generation life t ab l e for this season the number 

of eggs were es t imated by methods described earlier. As in the case 

of the 1983 populations at the field s t ation, only one generat i on 

was recorded, showing considerable overlap of stages. However, in 

all stages only one peak was observed on this c r op (Figure 4). 

During the l ong rainy season 1984, a l a te crop was planted 

at MPFS next t o the early crop of 1984 whose infestation is 

discussed above. The temporal d i stribution of the different stages 

on this second crop is shown in Fi gure 5. The pheromone trap 

results on this crop were i nconsistent and not presented. 



67 

Due to bad weather and contamination of the plants by soil particles 

the egg counts were unreliable and not presented in Figure 5. 

However, eggs were detected on the crop as early as 15 DAPE and the 

first larvae wece observed 21 DAPE. This suggested an early 

colonization and hence early peak density on the crop (Figure 5). 

Again only one generation was observed in this crop as evidenced by 

one peak in each development stage (Figure 5). The overlap of the 

stages in this generation was also observed. 

The results of the off season and short rainy period of 

1984 are not presented, since no complete generation of M· 

testulalis was observed due to severe early attack by thrips, white 

flies and aphids despite .. 1 irrigation. The crop did not set any 

flowers and pods and did not last to nonnal maturity . Only a few 

eggs were found and the small numbers of early instar larvae 

observed died before pupation. Figure lC and lD shows pheromone 

trap records for the off season and short rain crops at MPFS during 

1984. During these periods low catches of ~· testulalis males were 

registered in the traps (Figure lC and lD). 

1985: Colonization by adult moths as observed from 

pheromone trap results showed a similar trend as those already 

described for 1983 and 1984 at the same site (Fig. lE). Figure 6 

shows temporal distribution of the life stages during the l ong rainy 

season. In this study, egg counts were hampered by heavy rains and 

the numbers were lower than expected and not shown in Figure 6. 

However, the fir"St eggs were found on the crop 24 DAPE . Early 

instar larvae started appearing on the crop 30 DAPE and the numbers 

increased rapidly to a peak 42 DAPE fol l owed by a rapid decline 



68 

(Figure 6). The other later stages followed more or less similar 

trends, but with reduced numbers (Figure 6). Only one pronounced 

peak was observed in all cases, indicating a single generation with 

overlapping stages in this crop. 

In the short rainy period, the rainfall was low and the 

crop was irrigated at the post flowering stage. The crop was also 

poor due to attack by aphids and M· testulalis population was low. 

Data from pheromone traps are presented in Figure lF. Temporal 

distribution of the different life stages is presented in Figure 7. 

The 1st instar larvae showed a sharp population rise from 33 DAPE to 

a peak 39 DAPE followed by a rapid decline and a low peak between 48 

and 51 DAPE (Figure 7). Only one peak was observed in the later 

instar larvae as shown in Figure 7. 

Lambwe Farmer's Field 

1984: Three crops were planted at Lambwe, the first 

during the long rainy season, the second in the off season and the 

last one during the normal short rainy period. The last two crops 

resulted into a total crop failure due to inadequate precipitation 

and severe attack by thrips, white flies and aphids at the 

vegetative stage. As a consequence, very low M· testulalis 

populations were observed and are, therefore, not presented here. 

In the 1984 long rainy season, infestation by adult moths of M· 

testulalis at Lambwe started 20 DAPE but remained low, rising to a 

peak 57 DAPE (Figure 2A). The first eggs and early instar larvae 

were observed 27 DAPE. Egg counts were poor due to heavy rains. 

The initial population build up on the crop was slow resulting into 

late occurrence of population 'peaks as shown in Figure 8. This was, 
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however, followed by a rapid build up of the early instar larval 

population reaching a high peak at the same time as the egg stage 

(Figure 8). The population density of the various l ife stages 

overlapped. but only one peak was observed in all stages throughout 

the cropping season suggesting that only one generation occurred at 

this site {Figure 8). The plants continued to produce fl°""-ers and 

pods after the normal aaturity time (70 - 75 da)~) resulting into 

persistence of M· testulalis infestation (Figure 8). Pupae were 

~overed from the crop 63 DAPE and the population rose steadily to 

peak 81 DAPE, then started declining to zero at 105 DAPE (Figure 

8). The adults started to emerge after 69 DAPE. Adults emerged 

daily, with a peak catch being recorded 99 DA.PE but after 105 DAPE 

oo more adults emerged from the field (Figure 8). Figure 8 shows 

the temporal distribution of M. testulalis life stages at this site 

during the season. 

1985: During the long rainy season two crops were 

planted. Population build up on the earlier crop start ed 15 DAPE 

when the first moths were caught in the pheromone trap and eggs were 

recorded on the plant (Figure 2B). The pheromone trap catches were 

low but rose steadily to a low peak 84 DAPE. A low peak in male 

population was also observed 108 DAPE. Temporal distribution of the 

different life stages on the crop is presented in Figure 9. 

Although, the first eggs appeared on the crop as early as 15 DAPE, 

the first early instar larvae were observed much later, 39 DAPE and 
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the initial population build up was slow until after 67 DAPE. 

However, there was a sharp increase in the numbers of this stage 

reaching a hig}t peak 75 DAPE (Figure 9). The slow initial 

population build-up was interrupted by an abrupt decline at 63 and 69 

DAPE in all the larval stages, which was followed by r apid build-up 

of M· testulalis numbers to a peak 75 DAPE (Figure 9) . Simi!arly, 

there was a slow build-up of pupal and adult population in the 

traps, but only one pronounced peak was observed in all cases 

(Figure 9). In this crop, M· testulalis persisted for a long period 

and possibly 2-3 generations JBSY have occurred possibly due to 

prolonged rainy season. However, only the generation shown in 

Figure 9 was important as it occurred during the reproductive phase 

of the crop and the population in this generation was high. 

The temporal distribution of the different M· testulalis 

life stages from the late crop of 1985 long rains are presented in 

Figure 10. Male moths firs t appeared in the pheromone traps 25 DAPE 

signifying a late infestation by adul ts as shown in Figure 2C. This 

gave rise to a later first peak in adult population occurring 54 

DAPE and a second peak 78 DAPE (Figure 2C). The fir-st early larval 

instars of the pest were recorded on the crop 30 DAPE after which 

population build-up was rapid, r-eaching the highest peak 66 DAPE 

(Figure 10) . Two ot her peaks were also observed earlier in the 

early instar larvae. In the other stages the peaks were diffuse 

especially in the 3rd to 5th instar larvae (Figure 10). 
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Figure 1. Number of Maruca testulalis aales caught in 

pheromone traps at MPFS during 1983-1985; 

. .\. Trap catches during 1983 short rains 

B. Trsp catches during 1984 long rains 

c. Trap catches during long rains - 1984 

{late crop May - July) 

D. Trap catches during 1984 - off season 1984 

E. Trap catches during 1985 long rains 

F. Trap catches during 1985 short rains. 
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Figure 2. 

72 -

Number of Maruca testulalis aales caught in 

pheromone traps et Lambwe during 1984 - 1985. 

A. Trap catches during 1984 long rains 

B. Trap catches during 1985 long rains 

C. Trap catches during 1985 late crop. 
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Figure 3. 

73 

Temporal distribution of M· testulalis life stages 

on cowpea crop at MPFS du.ring short rainy season 

1983. 

-·--

.·· 



80 

60 

20 

60 

20 
L----1~--L..---..L-~--.... ~~==-~ 
30 36 .t.2 48 54 60 66 71. 

Days after plcllt emergerm 



74 

Figure 4. Temporal distribution of M· testulalis life stages 

on cowpea crop during long rainy season, 1984. 

, · 
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Figure 5. Temporal distribution of M· testulalis life stages 

on cowpea crop during long rainy season 1984 (late 

crop). 
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Figure 6. 

i6 -

Temporal distribution of M· testulslis life stages 

on cowpea crop at MPFS during long rains 1985. 



20 

Larvae I-II 
1 

0 
2 4 6 10 12 

"'10 
0 
0 

Larvae III 

S2 0 
)( ........ ,o 
~ 
' Larvae IV 

)10 
Larvae V 

0 0 

~ 1 
.D 

~ 0 
Pupae 

10 
Adults 

30 36 42 48 54 60 

Days after plant emergence 



77 

Figure 7. Temporal distribution of M· testulalis life stages 

on cowpea crop at MPFS during short rainy season, 

1985. 
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Figure 8. Temporal distribution of M· testulalis life stages 

at Lambwe during long rainy season, 1984. 
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Figure 9. Temporal distribution of M· testulalis life stages 

on cowpea crop at Lembwe during long rainy season, 

1985 . 
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Figure 10. Temporal distribution of~· testulalis life stages 

on cowpea crop at Lambwe during long rainy season 

1985 (late crop). 
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4.1.2. Partial Ecological life tables and survivorship curves 

Partial ecological life tables for five generations of M· 

testulalis at MPFS during 1983 - 1985 and 3 generations at Lambwe 

during 1984 - 1985 are presented in Table 1-8. The various life 

tables also give the real and apparent mortalities for M· testulalis 

i n colUJllils lOOqx and lOOrx respectively. The mean ltOrtalities for 

the five generations a t MPFS and three generations a t Lambwe are 

presented in Figure 14A and 14B. 

Survivorship curves for M· testulalis at MPFS and Lambwe 

during the whole experimental period are given in Figures 11 and 12, 

respect ively, and t he mean generation survivorship for the 

respective sites are presented in Figure 13. At MPFS , the mean real 

egg mortality was 28.5 ± 9.1% while those of other stages wer e 

11.0 ± 2.6' in early instar, 20.7 ± 4.4~ in 3rd instar, 10.2 ± 4.7% 

in 4th instar , 11.4% ± 5 . 6% in 5th instar larvae, and 0 . 02 ± 0.01% 

in pupae (Tables 1-5 and Figure 14). In Lambwe the respect i ve mean 

real 90rtalities were 27 . 0 ± 6.2%, 27.8 ± 4.7%, 15 . 9 ± 3.~. 

1. 1 ± 0.7~, 24.3 ± 4.2~ and 1.1 ± 0.09'; from egg to pupal stage 

(Table 6-B and Figure 14). The results show th.at at HPFS the lowest 

real mortality occurred in pupal stage, and the highest 90rtality 

occurred at egg stage at MPFS (Figure 14). Also at this site r eal 

mortality was low at 4th instar stage. At Lambwe, the lowest real 

mortality occurred at the pupal as well as the 4th larval instar 

stages, while t he highest 11<>rtality was at t he egg and early i nstar 

stages ( Figure 14). 
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The results show considerable variation in the 

inter-generation mortality expressed as ' real mortality for all the 

life stages at bolh sites (Tables 1-8 and Figure 14A). The total% 
; 

real 110rtalities for the generations at MPFS and Lambwe ranged 

between 51 . 6 - 99.9 (x ~SE= 82.2 ± 8 . 8) and 95.7 - 97 . 6 (x ~SD= 

96.5 ~ 0.36), respectively (Table 1 - 8). Figure l~B shows the mean 

apparent aortality occurring at different life stagesof M· 

testulalis at both sites. The results show that, at MPFS the lowest 

apparent mortalities occurred at t he early insta.rs(Larvae I and II) 

and the 4th instar larval stage while the highest mortality was 

observed 5t h instar larval stage (Figure 14B). In the case of 

Lambwe the lowest apparent mortality was observed at 4th i nstar 

larval stage while the highest was at the 5t h instar stage (Figure 

14B). 



Table l. 

x 

Age 

interval 

Eggs 

Larvee I-II 

Larvae III 

Larvae IV 

Larvae V 

Pupae 

Adults 
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Partial ecological life table of Maruca testulalis for the 

generation on cowpea at MPFS during short rainy season 1983 

Ix 

No. al:i.ve/ha. 

258893 

81563 

78461 

22277 

23417 

1354 

762 

dxF dx 

Factor No.dying 

responsible for during x 

dx 

Disappearance* 

Parasitism 

Disease 

Disappearance 

TOTAL 
Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 
Parasitism 

Disease 

Disappearance 

TOTAL 
Parasitism 

Disease 
Disappearance 

TOTAL 

177330 

0 

0 

3102 

3102 

0 

34680 

21504 

25184 

0 

0 

0 

0 

0 

16103 

5960 

22063 

139 

276 

177 

592 

lOOqx lOOrx 

dxi as ~ dxi as ~ 

of lxi 

68. 5 

0.0 

0.0 

3.8 

3.8 

0.0 

44.2 

27.4 

71.6 

0.0 

0.0 

0.0 

0.0 

0. 0 

68 . 8 

25.4 

94.2 

10 . 3 

20 .4 

13.l 

43.8 

68 .5 

0.0 

0.0 

1.2 

0.0 

13.4 

8.3 

8.3 

0 

0 

0 

0.0 
. 6.2 

2.3 

0.0005 

0.001 

0.0007 

TOTAL 99.9 

*Disappearance includes losses due to predator, emigration, and any other 

unknown causes. 
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Table 2. Partial ecological life table of Maruca testulalis for the 

generation on cowpea crop during 1984 long rainy season at MPFS 

X lx 

Age No.alive/ha. 

interval 

Eggs (132639) 

Larvae I-II 110157 

Larvae III 96387 

Larvae IV 43953 

Larvae V 23954 

Pupae 1354 

Adults 762 

dxF 

Factor 

responsible for d.x 

Disappearance* 

Parasitism 

Disease 

Disappearance 

TOTAL 
Parasitism 

Disease 

Disappearance 

TOTAL 
Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 
• 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

dx 

No.dying 

during x 

(22482) 

0 

7601 

6169 

13770 

0 

40579 

11856 

52435 

0 

12481 

7516 

19997 

0 

9964 

10891 

20855 

313 

599 

87 

999 

lOOqx 

dxi 85 % 

of l xi 

17.0 

o.o 
0.9 

5.6 

12.5 

o.o 
42 . l 

12.3 

54.4 

0.0 

28.4 

17.1 

45.5 

o.o 
41.6 

45 .5 

87.1 

10.1 

19.3 

2.8 

32.2 

TOTAL 97. 7 

lOOrx 

d."'i as % 

of lx1 

li.O 

0. 0 

5.7 

4.7 

0.0 

30.6 

8.9 

0 

9.4 

5.7 

0.0 

7.5 

8.2 

0.002 

0.005 

0.001 

Figures in parentheses are esti•ated. *Disappearance include losses due to 

predation, emigation and any other unknown causes. 



- 85 -

Table 3. Partial ecological life table of Maruca testulalis for the 

generation on cowpea crop during 1984 (Late crop) long rainy 

season at MPFS 

X lx 

Age No.alive/ha. 

interval 

Eigs (232019) 

Larvae I-II 172450 

Larvae III 134031 

Larvae IV 97955 

Larvae V 79474 

Pupae 6462 

Adults 3737 

dxF 

Factor 

responsible for dx 

Disappearance* 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

dx 

No.dying 

during x 

(59569) 

0 

15311 

23108 

38419 

0 

24549 

11527 

36076 

0 

8718 

9763 

18481 

0 

42942 

30070 

73012 

298 

908 

1519 

2725 

lOOqx 

dxi as ~ 

of lxi 

25.2 

0.0 

8.9 

13.4 

22.3 

0.0 

18.2 

8.6 

54.4 

0.0 

8 . 9 

10.0 

18.9 

o.o 
54.0 

38.8 

92.8 

4.6 

14.1 

23.5 

42.l 

TOTAL 65.7 

lOOrx 

dxi as % 

of lx1 

25.5 

0.0 

6 . 6 

10.0 

0.0 

10.6 

5.0 

0 

3.8 

4.2 

0 . 0 

0.2 

0.1 

0.0001 

o. 000.J 

O.OOO 'i 

Fiiu,res in parentheses are esti.aated. *Disappearance include losses due to 

predation, ~igation and any other unknown causes. 
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Table 4. Partial ecolotical life table of Maruca testulalis for the 

generation on cowpea crop during 1985 long rainy season at MPFS 

X Ix dxF 

. 
Age No.alive/ha. Factor 

interval responsible for dx 

Eggs (478597) Disappearance* 

Larvae I-II 385447 Parasitism 

Larvae III 301581 

Larvae IV 237767 

Larvae V 238822 

Pupae 26037 

Adults 3737 

Disease 

Disappearance 

TOTAL 
Parasitism 

Di sease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

dx lOOqx lOOrx 

No. dying dxi as ~ dxi as ' 

during x of lxi of lx1 

(93150) 19 . 5 19.5 

0 0 0 

0 

83866 

83866 

0 

20206 

47608 

67814 

0 

0 

0 

1622 

92449 

118714 

212785 

2623 

9418 

10259 

22300 

0 

21.8 

21.8 

0.0 

5.2 

12 . 4 

17 . 6 

0.0 

0 

0 

0.7 

38.7 

49.7 

89 . 1 

10 . 0 

36.2 

39.4 

85.6 

TOTAL 51.6 

0 

17.5 

0.0 

4.2 

9.9 

0 

0 

0 

0 . 0003 

0.20 

0.25 

0.01 

0.02 

0.02 

0.02 

Figures in parentheses are e5timated. *Disappearance i nc l ude losses due to 

predation, emigation and any other unknown causes. 
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Table 5. Partial ecological life table of Maruca testulalis for the 

generation on cowpea crop during 1985 long rainy season at MPFS 

X lx 

Age No. al i ve7'ha. 

interval 

ggs (19906) 

Larvae I-II li502 

Larvae III 15585 

Larvae IV 13057 

Larvae V 7501 

Pupae 730 

Adults 272 

dxF 

Factor 

responsible for dx 

Disappearance* 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

Parasitism 

Disease 

Disappearance 

TOTAL 

dx 

No.dying 

during x 

2404 

0 

1033 

884 

1917 

0 

2123 

405 

2528 

0 

1110 

4446 

5556 

0 

1665 

606 

6771 

70 

245 

143 

458 

lOOqx 

dxi as % 

of lxi 

12.1 

0 

5.9 

5.1 

11.0 

0.0 

13.6 

2.6 

16.2 

0.0 

8.5 

34.1 

42.6 

0 

82.2 

8.1 

90.3 

09.6 

33.6 

19.5 

62.7 

TOTAL 51.6 

lOOrx 

dxi as ~ 

of lx1 

12.l 

0 

5.1 

4.4 

0 . 0 

10.7 

2.0 

0 

5.6 

22.3 

0 

31.0 

3.0 

0.003 

0.01 

0.01 

Figures in parentheses are estimated. *Disappearance include losses due to 

predation, eaigation and any other unknown causes. 
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: 11: 

Table 6. Partial ecological life table of ~aruca testulalis for the ' ii\ 
: , I 

"' •I 

generation oo cowpea crop during 1984 long rainy season in Lambwef \: 
!f. 

Valley fanter's field 

x lx dxF dx lOOqx lOOrx 

Age No.alive/ha. Factor No.dying dxi as % dxi as \ 

i nterval responsible for dx during x of !xi of lx1 

Eggs (327i93) Disappearance* 85006 25.9 25.9 

Lan·ae I-II 242787 Parasitisll 0 0 0 

Disease 17238 7.1 5.3 

Disappearance 46858 19.3 14.3 

TOTAL 64096 26.4 

Larvae III 178691 Parasitism 0 0.0 0.0 

Disease 55751 31.~ 17.0 

Disappearance 25017 14.0 ... ~ 

I. 0 

TOTAL 80768 45.2 

Larvae IV 97923 Parasitism 0 0.0 0 

Disease 6561 6.7 2.0 

Disappearance 2742 2.8 0.8 

TOTAL 9303 9.5 

larvae V 88620 Parasitism 3300 3.7 0.01 

Disease 46205 52.1 14.1 

Disappearance 24203 27.3 7.4 

TOTAL 73708 83.l 

Pupae 14912 Parasitism 0 0 0 

Disease 6527 43.7 2.0 

Disappearance 4289 28. 8 1.3 

TOTAL 10816 72.5 

Adults 4096 

TOTAL 51.6 

Figures in parentheses are estimated. *Disappearance include losses due to 

predation, emigation and any other unknown causes. 
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Table 7. 

x 

.~e 

interval 

ggs 

Larvae I-II 

Larvae III 

Larvae IV 

Larvae V 

Pupae 

Adults 
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Partial ecological life table of Maruca testulalis for the 

generation on cowpea crop during 1985 long rainy season in Lambwe 

Valley farmer•s field (early crop) 

lx dxF dx lOOqx lOOrx 

So.alive/ha. Feet or No. dying dxi as ~ cbd as ~ 

responsible for dx during x of lxi 

(264223) Disappearance* 38741 14. 7 14.7 
225482 Parasitisa 0 0 0 

Disease 0 0 0 

Disappearance 101859 45.2 38.6 

TOTAL 101859 45.2 

123623 Parasitism 0 0.0 0 

Disease 9149 7.4 3.5 

Disappearance 14221 11.5 5.4 

TOTAL 23369 18.9 

100254 Parasitism 0 0 0 

Disease 0 0 0 

Disappearance 0 .0 0 

TOTAL 
108433 Parasitism 2323 2.2 0.009 

Disease 40423 37.3 15.3 

Disappearance 49322 45.5 18.7 

TOTAL 92068 84.0 

16365 Parasitism 418 2.6 0 

Disease 2407 14.7 0.002 

Disappearance 3259 19.9 0.01 

TOTAL 6084 37 .2 0 

10281 

TOTAL 51.6 

Figures in parentheses are esti11et ed . *Disappearance include losses due to 

predation , emigation and any other unknown causes . 

'I 
! 
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Table 8. Partial ecological life table of Maruca testulalis for the 
:1, 

generation on cowpea crop during 1985 long rainy season in Lambwe ; ' 

Valley fan1er's field (late crop) 

x lx dxF dx lOOqx lOOrx 

I· 
Age No.alive/ha. Factor No.dying dxi as ' d.xi as \ 

I 

i·· interval responsible for dx during x of lxi of lx1 ,! 

\; 

Eggs (145201) Disappearance* 58844 40.5 40.5 

Larvae I-II 86357 Parasi tisa 0 0 0 

Disease 0 0 0 

Disappearance 36447 42.2 25.l 

TOTAL 36447 42.2 

larvae III 49910 Parasitism 0 0.0 0 

Disease 8285 16.6 - ... 
!:) • I 

Disappearance 12547 25.l 8.6 

TOTAL 20832 41. 7 

Larvae IV 29078 Parasitism 0 0 0 

Disease 495 1. 7 0.3 

Disappearance 111 0.4 0.1 

TOTAL 606 2.1 

larvae V 28072 Parasitism 1714 6.1 1.2 

Disease 16942 59.5 4.4 

Disappearance 6416 22.5 11. 7 

TOTAL 25072 88.1 

Pupae 3400 Parasitisa 331 9.7 0.002 

Disease 590 17.4 0.004 

Disappearance 866 25.5 0.006 

TOTAL 1787 52.6 

Adults 1613 

TOTAL 51.6 

Figures in parentheses are estimated. *Disappearance include losses due to 

predation, emigation and any other Unknown causes. 
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Figure 11. Survival curves of M· testulalis generations, 

1983-1985, at MPFS. 

1-5 refers to different generations of the pest. 
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Figure 12 . Survival curves of M· testulalis generations, 

1984-1985, at Lambwe farmer ' s field 

1 - 3 refers to different generations of the pest. 
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Figure 13. Mean survival curves of M· testulalis for all 

generations at MPFS and Lambwe Valley farmer's 
'-----' 

field, 1983-1985. 
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Figure 14. Percect 110rtality of M· testulalis at MPFS and 

Lambwe :farmer's field 1983-1985. 

A. Real mortality 

B. Apparent J10rtality 
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4.1.3 Key factor analysis and density relationships 

Life table values were used to construct partial 

mortality budget ~rom which the various k values for M· 

testulalis were calculated. These are presented in Tables !r-16 

for both sites. The relationship between the various k-values 

and l is presented in Figure 15. 

At MPFS , the 90rtalities for ko, k4, and ki2 showed 

positive relation.ships to K. The other k-values were unrelated 

to K and changes in their values were unlikely to contribute to 

changes in the values of K (Figure 15). The factors ko• k-t and 

k12 represent egg loss due to disappearance, disappearance at 

3rd instar larva, and disappearance at the pupal stages 

respectively (Tables !r-13). The factors ks and k11 are small 

and represent the mortality due to parasitism. These results 

show that parasitoids contribute mini•al wiortality to M· 

testulalis. The trend of change in ko is more similar to K 

than all the other k-factors in relation to aagnitude of change 

(Figure 15). Thus, k0 which is a factor of disappearance 

operating at egg stage is the key factor causing population 

chan(e as identified fr-oa the key factor .ethod (Figure 15) • 

In l.mlbwe, although only three fenerations were 

examined, Figure 15 shows that, ko• kJ, Jc.t, k1 and k12 have 

close relationship with the total generation aortality. K, in 

tet'llS of trend of change. The factor k0 represents 
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disappearance at egg stage while kJ represents disease at 3rd 

instar larvae mid k.i represents disappearance at the same stage 

(Tables 14-16) ._ The factor k1 is disease at pupal stage and 

k12 is disappearance at the pupal stage. The results at this 

site show that kJ rese.ibles K 90re closely than the other 

k-factors in relation to 11agnitude of change, and thus, the key 

factor causing population change as identified by this aethod. 

A further analysis of the relationship between the 

k-factors (ko, ~ and k1z) which showed close relations to the 

generation mortality, (K) tims conducted by correlation methods. 

The results are shown in Figure 16 for the generations at 

MPFS. It was found that k0 ( r = 0.87) and k4 (r = 0.830) 

had higher positive correlation t o K. The values for k0 bad 

the highest positive correlation to K which was also 

significant at P = 0.05. The r elationship between k12 and K 

was low ( r = 0 . 169) and not significant. Thus, from this 

9ethod k 0 was confirmed the key 90rtality factor (Figure 16). 

A siailar analysis was not possible for the I.ambwe generations 

because the DUllber of generations (3) observed were too few for 

a correlation analysis. 

The density relationships between k0 , k4 and kt2• 

for the MPFS generations, were tested by plotting their values 

agai.Jlst the log of the population density (lx) entering ~he age 
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interval on whicn it acts. This technique was used by Varley 

and Gradwell (1963) in describing density dependence in insect 

populstioo.s and indicated that a slope of 1.0 (unity) shows 

density related aec..~an i sms ~iiich completely compensate for 

changes in host density, but that less than 1.0 indicates that 

the factor under compensates for the changes . A negative slope 

shows an inverse density dependence. 

Figure 17 shows that k4 (b = 0.006) and k0 (b = 0.1) 

are not dependent on the density of M· testulalis while k12 (b 

= 0.349) is only slightly positively density dependent. 
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Table 9. Partial aortality budget for Manics t~tulalis at MPFS during shoi 

rainy season's crop, 1983. 

So./ha Log.No./ha K.value 

Eggs laid 258893 5.4131 
k0 (egg loss) 0.502 

Larvae I-II 81563 4. 9115 
k1 (disease) 0.00 

(Larvae I-II surviving disease) 61563 4.9115 
k? (disappearatice) 0.017 .. 

Larvae III 78461 4.8947 
k3 (disease) 0.253 

(Larvae III surviving di sease) 43781 4.6413 
k4 (disappearance) 0.293 

Larvae IV 22277 4 . 3478 
ks (disease) 0 . 00 

(Larvae IV surviving disease) ,.,,.,.., ...... 
- a...'- I I 4.3478 

ks (disappearance) 0.0 

Larvae v 23417 4.3695 
k1 (disease) 0.050 

(Larvae V surviving disease) 7314 3.8642 
ks (Parasitism) 0 

(Larvae V surviving parasitism) 7314 3.8642 
kg (disappearance) 0 . 733 

Pupae 1354 3.1316 
k10 (disease) 0 . 099 

(Pupae surviving di sease) 1078 3.0326 
kn (Parasitism) 0. 060 

(Pupae surviving parasitisa) 939 2.9797 
k12 (disappearance) 0.091 

Adults emerging 762 2. 8820 

K = 2.553 
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Table 10. Partial aortality budget for !'ta.r.!ea testuhlis at MPFS during lo: 
rainy season 1984 (early crop). 

So./ha Log.No./ha K.value 

Eggs laid 132639 5.1227 
k0 (egg loss) 0.081 

Larvae I-!I 110157 5.0421 
k1 (disease) 0.031 

(Larvae I-II surviving disease) 102556 5.0110 
kz (disappearance) 0.027 

Larvae III 96387 4.9840 
k3 (disease) 0.237 

(Larvae III surviving disease) 55808 4.7467 
k.t (disappearance) 0.104 

Larvae IV 43953 4.6430 
ks (disease) 0.145 

(Larvae IV surviving disease) 31470 4.4979 
ks (disappearance) 0.119 

Larvae v 23954 4.3794 
k1 (disease) 0.123 

(Larvae V surviving disease) 13990 4.1458 
ks (Parasitism) 0 

(Larvae V surviving parasitism) 13990 4.1458 
kg (disappearance) 0.655 

Pupae 3099 3.4912 
k10 (disease) 0.093 

( Pupae surviving disease) 2500 3.3979 
ku (Parasitism) 0.058 

(Pupae surviving parasitism) 2187 3.3398 
k12 (disappearance) 0.018 

Adults emerging 2100 3.3222 

x = 1.691 
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Table 11. Partial mortality bud.get for Marue!t testulalis at MPFS during 101 

rainy season 1984 (late crop). 

So./ha Log.So. /ha K.value 

Eggs laid 232019 5.3655 
k0 (egg loss) 0.129 

Larvae I-II li2450 5.2367 
k1 (disease) 0.014 

(Larvae I-II surviving disease) 157102 5.1962 
k2 (disappearance) 0.069 

Larvae III 134031 5.1272 
k3 (disease) 0.088 

(Larvae III surviving disease) 109503 5.0394 
k4 (disappearance) 0.048 

Larvae IV 97955 4.910 
ks (disease) 0.041 

(Larvae IV surviving disease) 89237 4.9505 
ks (disappearance) 0.050 

Larvae v 79474 4.9002 
k1 (disease) 0.338 

(Larvae V surviving disease) 36532 4.5627 
ks (Parasitism) 0 

( La..""Vae V surviving parasitism) 36532 4.5627 
kg (disappearance) 0.752 

Pupae 6462 3.8104 
k10 (disease) 0.066 

(Pupae surviving disease) 5554 3.7446 
kn (Parasitism) 0.024 

(Pupae surviving parasitism) 5256 3.7207 
k12 (disappearance) 0.148 

Adults emerging 3737 3.5725 

K = 1.794 
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Table 12. Partial 110rtality budget for Maruca testulalis at MPFS during l 
rainy season , 1985. 

Age interval No./ha Log.No./ha K.value 

Eggs laid 478597 5.6800 
k 0 (egg loss) 0.094 

Larvae I-II 3854-ti 5.5860 
k1 (disease) 0 

(Larvae I-II surviving disease) 385447 5.5860 
kz (disappearance) 0.107 

Larvae III 301581 5.4794 
k3 (disease) 0.030 

(Larvae III surviving disease) 281375 5.4493 
~ (disappearance) 0.073 

Larvae IV 237767 5.3762 
~ (disease) 0 

(Larvae IV surviving disease) 237767 5.3762 
ks (disappearance) 0 

Larvae V 238822 5.3781 
k1 (disease) 0.213 

(Larvae V surviving disease) 146373 5.1655 
kg (Parasitism) 0.005 

( Larvae V surviving parasitism) 144751 5 .1606 
kg (disappearance) 0.745 

Pupae 26037 4.4156 
k10 (disease) 0.195 

(Pupae surviving disease) 16619 4.2206 
k11 (Parasitism) 0.075 

(?upae surviving parasitism) 13996 4.1460 
kiz (disappearance) 0.574 

Adults emerging 3737 3 .5725 

K = 2.111 
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Table 13. Partial mortality budget for Maruca testulalis at MPFS during 
short rainy season, 1S85. 

Age interval 

Eggs laid 
k0 (egg loss)· 

Larvae I-II 
k1 (disease) 

(Larvae I-II surviving disease) 
kz (disappea.raoce) 

Larvae III 
kJ (disease) 

(Larvae III surviving disease) 
k4 (disappearance) 

Larvae IV 
k5 (disease) 

(Larvae IV surviving disease) 
ks (disappearance) 

Larvae V 
k1 (disease) 

(Larvae V surviving disease) 
kg (Parasitism) 

(Larvae V surviving parasitism) 
kg (disappearance) 

Pupae 
k10 (disease) 

(Pupae surviving disease) 
kn (Parasitism) 

(Pupae surviving parasitism) 
k12 (disappearance) 

Adults emerging 

No. /ha Log.No./ha K.value 

19906 4.2990 
0.056 

17502 4.2431 
0.026 

16469 4.2167 
0.024 

15585 4.1927 
0.064 

13462 4.1291 
0.013 

13057 4.1158 
0.039 

11947 4.0773 
0.202 

7501 3.851 
0.749 

1336 3.1258 
0.0 

1336 3.1258 
0.263 

730 2.8633 
0.178 

485 2.6857 
0.068 

415 2.6180 
0.183 

272 2.4346 

K = 1.865 
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Table 14. Partial 110rtality budget for Maruca testulalis at Lambwe farmer 
field duri~ long rainy season , 1984. 

Age interval No./ha Log . No./ha K.value 

Eggs laid 327793 5.5156 
ko (egg loss)· 0.130 

!.a..'"'Vee I - I I 247287 5.3852 
k1 (disease} 0.032 

(Larvae I-II surviving disease) Z?5549 5.3532 
k2 (disappearance) 0.101 

Larvae III 178691 5.2521 
k3 (disease) 0.162 

(Larvae III surviving disease) 122940 5.0897 
k<t (disappearance) 0.099 

Larvae IV 97923 4 . 9909 
k-::> (disease) 0.030 

(Larvae rv surviving disease) 91362 4.9608 
ks (disappearance) 0.013 

Larvae v 88620 4.9475 
k1 (disease) 0.320 

(Larvae V surviving disease) 42415 4.6275 
kg (Parasitis.11) 0.035 

(Larvae V surviving parasitism) 39115 4.5923 
kg (disappearance) 0.419 

Pu pee 14912 4.1735 
k10 (disease) 0.250 

(P..ipae su..-viving disease) 83855 3.9235 
kn (Parasitisa) 0 

(Pupae surviving parssitism) 8385 3.9235 
k12 (disappearance) 0.311 

Adults emergi ng 4096 3.6124 

K = 1.902 
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Table 15. Partial mortality bud.get for Maruca testulalis at Lambwe fans 
field during long rainy season, 1985 (early crop). 

Age interval No./ha Log. No./ha K.valu 

Eggs laid 264223 5.4220 
k0 <eu loss) 0.069 

Larvae I-II 225482 5. 3531 
k1 (disease) 0 

(Larvae I-II surviving disease) 225482 5.3532 
k? (dis~araoce) 0.261 ... 

Larvae III 123623 5.0921 
k3 (disease) 0.033 

(Larvee III surviving disease) 124475 5.0587 
k.i (disappearance) 0.058 

Larvae IV 100254 5.0011 
ks (disease) 0 

(Larvae IV surviving disease) 100254 5. 0011 
ks (disappearance) 0 

Larvae v 108433 5.0352 
k1 (disease) 0.203 

(Larvae V surviving disease) 68010 4.8326 
kg (Parasitism) 0.015 

(Larvae V surviving parasitism) 65687 4.8175 
kg (disappearance) 0.604 

Pupae 16356 4.2139 
k10 (disease) 0.069 

(Pupae surviving disease) 13958 4.1448 
k11 {Parasitism) 0.013 

(Pupae surviving parasitis•) 13540 4.1316 
k12 (disappeanmce) 0.120 

Adults emerging 10281 4.0120 

K = 1.445 
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Table 16. Partial at0rtality budget for Maruca testulal is at Lambwe fa.~r· 
field during long rainy season, 1985, (late crop). 

Age interval No./ha Log.No./ha K.value 

Eggs laid 146201 5.1620 
ko (egg loss) 0.225 

Larvae I-II 86357 4.9363 
k1 (disease) 0 

(Larvae I-II surviving disease) 86357 4 .9363 
kz ( disappea.-ance) 0.238 

Larvae III 49910 4.6982 
k3 (disease) 0.079 

(Larvae III surviving disease) 41625 4.6194 

14 (disappearance) 0.156 

Larvae IV 29078 4.4636 
ks (disease) 0.008 

(Larvae IV surviving disease) 28584 4.4561 
ks (disappearance) 0.002 

Larvae V 28472 4.4544 
k1 (disease) 0.393 

(Larvae V surviving disease) 11530 4.0618 
ks (Parasitis•) 0 .070 

(Larvae V surviving parasitism) 9816 3.9919 
kg (disappearance) 0.460 

Pupae 3400 3.5315 
k10 (disease) 0 . 083 

(Pupae surviving disease) 2810 3.4487 
kn (Parasitism) 0.054 

(Pupae surviving parasitism) 2479 3.3943 
k12 (disappearance) 0.187 

Adults emerging 1613 3.2076 

K = 1.956 
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Figure 15. Key-factor analysis of M· testulalis life table 

data for MPFS (A) and Lambwe farmer's field (B). 
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Correlation of the various k- values on 

generation mort ality, K, for M· testulalis life 

stages a t MPFS. 



Figure li. 
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Relationship between morality factors (k-values) 

and deosity of M· testutalis life stages at ~FS. 
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4.1.4 Factors causing mortality 

Mortality of M· testulalis occurring at the various 

development stages are shown in the various life tables 

presented in Tables 1-8. ~""e'ral factors Mere identified ss 

causes of 90:-tality at the various development stages. The 

teni JtOrtali ty is used here to designate reduction in nuabers 

due to disappearance (predation, eaigration, climatic and 

unidentifiable factors), parasitoids and pathogens directly or 

indirectly observed in field samples. Thus, disappearance 

signifies any losses in nUllbers which could not directly be 

attributable to either parasitoids or pathogenic 

microorganisms. The common parasitoids and pathogenic 

microorganisms recovered from ~· testulalis are presented i n 

Plates 11-13. Plate 10 shows the larvae of M· testulalis 

infected by pathogenic microorganisms. 

Egg 

Due to the problems in field already stated earlier in 

sampling eggs , direct causes of mortality in this stage was not 

identified and the reduction in egg numbers were grouped under 

disappearance (Tables 1-8). No evidence of egg parasitism was 

observed and viability o fertility could not be quantified 

under field conditions. 
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La..r-vae 

Larval mortality at the two sites was caused by pathogenic 

microorganisms (~isease), parasitoids and disappearance. Various 

!llicroorgani.sms were recovered from dead ~· testulelis larvae. Of these, 

t~e bacteria, Sacill:.:s sp. ~d Cl0$:ridium sp., protozoa. Sosema sp. ~nd 

~ttesia sp., an unidentified ~esatode, and viruses (nuclear polyhedrosis 

and granulosis) were pathogenic to~ - testulalis larvae (Table li}. 

Nosema sp. and Bacillus sp. were the most common disease agents in this 

stage of the pest and were recovered from all the larval instars in all 

the gener3tions at both study sites (Table 17). The incidence of these 

t~o path0gens contributed significa..~tly to mortality in ~· testulalis 

(T3bles 1-8) . Plate 11 sh01-1s ~osema sp. spores recovered from ~· 

testulalis cadavers. Also an unidentified endoparasitic nematode was 

recorded on dead larvae and pupae of M· testulalis at both sites during 

1984-1985 cropping periods but the incidence was negligible (Plate l~;. 

Four larval parasitoids were recovered from M· testulalis at both 

sites (Plate 13). At MPFS no larval parasitoids was recovered during 

1983 and 1984 cropping seasons. During the long rainy season of 1985, 

howev~r. hymenopteran parasitoids, Apanteles sp. and Bracoo sp. 

(Braconidae) were recorded fr0111 only O.~ M· testulalis 5th instar lar.;ae 

throughout the generation. In the Lambwe site three larval parasitoids 

both hymenoptera, Apanteles sp., Chelonus sp. and an unidentified 

Braconidae were recorded on M· testulalis larvae during 1984 long rainy 

season. These were also recovered fro• 5th ins-tar larvae and together 
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contributed to 3.7\ mortality in this stage. representing only 0.01\ real 

generation mortality. The results show that, although larval parasitoids 

of M· testulalis-existed in natural populations at both the study sites, 

t~eir contribution to natural mortality and s~se.;uent effect on 

pcpula.tion change of the pest was low ·'.Tables 1-8). 

Other wortali ty factors which were not directly examined in the 

field include<l predation on larvae, dispersal or emigration, all g=-ouped 

as disappearance. ~ortality due to these factors was high but variable 

for different life stages and generations a.t both study sites. T~e 

resu:ts are giYe:1 in various life tables !"or the generations studied 

(Table 1-8). 

Pupae 

As in the case of larvae, causes of pupal mortality were 

considered as being due to pathogens, parasitoids a...~d dis~ppearance 

(Table 1-8). The pathogenic microorganisms recovered from the pupae "'e!'"e 

similar to those of the larvae and their contribut ion to pupal mortality 

was variable in this stage (Table 1-8). Sos~a sp. and Bacillus sp. ~~!'"~ 

the most commcc pathogens (Table 17). 

Five pupal parasitoids were recovered from field sa.ples at the 

study sites (Plate , . \ .l.~ I• These were, Antrocephalus sp. (Chalcididae , 

Hymenoptera), Tetrast i chus sesamiae Risbes (Eulophidae, Hymenoptera) 

Bracon sp. (Braconidae, Hymenoptera), Braunsia sp. (Braconidae, 

Hymenoptera) and an identified Tachinid (Diptera). Apart from!· 

sesamiae, the other parasitoids occurred at both sites, al t hough, 
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the level of observed parasitism on pupae was low. Their contribution to 

real generation mortality ranged from only 0-0 . 02% at both si tes (Table 

-1-8}. Antrocephalus sp. ~-as the most commcn pa..-asitoid at both sites, 

although attempts to raise a laboratory colony fail~d. A g~egario~s 

pupal endo-parssitoid. r. sessaiae ~-as recorded only at ~rs and its 

colony was easily raised under laboratory conditions. Bracon sp. was 

observed to parasitize both late instar larvae and pupae of ~· 

testulalis, under laboratory conditions, but due to lack of mating, 

attempts to rear this parasitoid only yielded male adults and the colcr!y 

was terminated. 

The incidence of parasitoids and pathogens on dead M· testulalis 

collected from field samples at MPFS and Lambwe is presented in Table 17 

for all the generations studied. The tenn ''unknown" indicates that the 

cadaver was examined through microscopic and direct techniques and showed 

no symptom of any pathogen or parasitoid, although mortality occurred. 

Considering all the generations together at each site Sosema sp. 

contributed to the highest mortality in M· testulalis, being 34.3 = 12.6~ 
at MPFS and 41.8% in Lambwe, while pa:-asitism contributed 5.3 : ~.8% and 

i.3 ~ 3.6~ of t~e total JDOrtality at ~F'S and Lambwe, respectively ~ Table 

17) . 

.. 
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M· testulalis larva infected by pa t hogenic 

microorganisJDS. 





Plate 11. 

Plate 12. 
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Sosesa sp. a aicroorganisas recorded on cada~rs 

of ~· testulalis larvae at MPFS and Lmlbwe. 

An unidentified endoparasitic nesatode recorded 

on M· testulalis cadavers at MPFS, 1984-1985. 





Plate 13. 
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Parasitoids of M· testulal is larvae recorded at 

MPFS and Lambwe, 1983-1985. 

A. Chelonus sp. (Braconidae, Hymenoptera) 

B. Apanteles sp. (Braccnidae, Hymenopt era) 

C. Bracon sp. (Braconidae, Hymenoptera). 
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Plate 14. 
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Parasitoids of~· testul3lis pupae re-corded at 

MPFS and Lambwe, 1963-1985. 

A. Testrastichus sesamiae (Enlophidae, 

Hymenoptera) 

B. A.ntrocephalus sp. (Chalcididae, 

Hymenoptera) 

C. Braunsia sp. (Braconidae, Hymenoptera) 

D. An unidentified Tachinid (Diptera) 
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4.:?. SURVIVAL A.\'D DEVELO~"T OF M· TESTULAL!S OS HOST Pt.'.:iTS 

4.2.1 SurV"ival and distribution on cowpea plants in the 

Studies on the distribution of the different life stages of 

~. testulalis on cowpea plant in the field showed that 79.6); of the eggs 

were laid on cowpea leaves and especially on the lower surfaces of the 

leaves (Figure 18). The rest of the eggs were recovered from stems and 

rarely on flowers and pods ( Fig-.J.re 18) . Fig-..ires 1~26 show the 

distribution of ~ · testulalis larvae on the different cowpea plant parts 

from the period the first larvae were detected on the crop ( 30-33 DAPE ; 

to crop maturity at both study sites. !~ese results, show that the 

distribution of t his stage changed with changing crop phenology. At the 

ini tial stages, just before flower initiation the majority of the larvae 

were found on the vegetative parts of the plant especially on terminal 

buds, t ender parts of the stems, and young leaves, (27-36 DAPE) (Figures 

1~26). When more flowers were fonned on the plants, between 36 and 51 

DAPE , a definite shift in larval distribution occurred on the plants with 

90-100~ of t he larvae bei ng found on flowers and later on pods (Figures 

1~26). 

The larval population was t enainated when the mature pods 

were dry in the case of all the generations studied at MPFS ( 1983-1985) 

and t hat at Lambwe during 1984 long rains (Figures 1~23). In the case 

of the Lambwe, during 1985 long rainy season, nonnal crop, the rainfall 
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period ~-as exteoded resulting into plant rejuvenation snd hence continued 

attack by~· testulalis larvae (Figures 24-25). The late crop gave very 

few pods and flowers at this site and the larvae were mostly found on 

vegetative plant p~rts after 70 DAPE (Figure 26). 

Further, analysis to detenaine t~ relationship betwe-en some 

plant characters es~ially, flOWE""r bud, f:owe!"'S 8nd pod product ion and 

natural populatiocs of M· testulalis were conducted. The results are 

presented in Figures 2i-29 . It was found that th~ mean larval popula ion 

per generation w-as positively correlated to the number of flower buds (r 

= 0.506), flcwers (r = 0.788 ) and pods (r = 0.733 ) . This relationshi? 

was significant (P = 0.05) in the case of flowers and pods (Figures 28 

and Table 18). There was no sig~ificant correlation ~ p = 0.51 between 

the mean number of eggs laid per plant per season and the number of 

flower buds, flowers or pods per plant (Figure 27 and Table 18). Similar 

results were also observed in the case of pheromone trap catches of male 

moths (Figure 29 and Table 18). 

4.2.2. Survivorship and development in screen house 

Studies initiated to detensine the effect of cowpea plant on 

~· testulalis survivorship and developaent on potted plant proved 

unsuccessful due to high migration in the larvae and poor gTOloo~h of the 

plants in pots and were therefore aboodoned. 

The survivorship of~· testulaiis on the cowpeas directly 

planted in screen house and open field conditions and artificially 

infested with M· testulalis eggs are shown in Figure 30. From the data 

obtained, it was found that the egg hatch under both conditions were 
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similar being 78.8'9 in screen house as compared to 73.0' in the open 

field (Table 19). The survivorship curves for both screen house and 

open fi eld were also similar (Fig-.ire 30) . The results also show 

that there were high mortalities in the early develo~nt stages of 

M· te-stulalis (Fi~ 30). A SUJmDa.r"Y of the number of M· testulalis 

surviving in both screen and opeo field conditions from eggs to 

adult stage is presented in Table 19. The results show low 

generation survivorship, 3.~ in screen house and l.~ in open field . 

Observations on the development period from egg to adult 

stage in the screen house and open field showed similar results 

(Table 2). The eggs hatched in 2-3 days, larval period was 9-14 

days in screen house and 10-14 days in open field, while the range 

in pupal period were 6-11 days and 7-1~ days respectively (Table 

20). In the screen house the total life cycle lasted 17-26 days and 

that in open field was 19-29 days (Table 20). 

4.2.3 Survival and development on different parts of the cowpea 

plant 

The effects of feeding M· testulalis larvae on stems, 

terminal buds, green mature pods, tender green pods and flowers of 

the ICV6 cowpea plants are presented in Figure 31. Survival of the 



121 

larvae to pupation and adult emergence were significantly l-owered 

(P=0.05) by feeding the.a oD stem and tenainal buds as compared to 

soft leaves, pods.and flowers (Figure 31A). The larvae failed to 

feed on old lea~"'e'S and the!'"e was no su..""Vival even to pupation 

stages. The best survivorship <X.-curred. when the l3r-Vae were fed on 

tender green pods and flowers whose perfonaance were oot different 

significantly (P = 0.05 ) {Fi~ 31A). Considering larval 

development period, the reproductive plant parts {mature and tender 

pods and flowers )gave significantly lower development ~riod thar. 

the vegetative ~arts (stems , tenainal buds a..~d leaves) all of which 

were not different {P = 0.01) (Figure 31B). Figure 31C shows that 

feeding M· testulalis larvae on the differe.~t parts of the ICV6 

variety had no significant effect OD the pupal period. However, 

Pl.Pal weights of M· t estulalis were adversely affected by feeding on 

the vegetative parts of the cowpea plant (Figu..--e 31D). High pupal 

weights were observed in larvae fed on tender pods, mature green 

pods which performed significantly better than flower fed larvae 

(Figure 31D) . 

The effect of the different parts of the cowpea plant on 

the life cycle of M· testulalis is presen~ed in Figure 31E . The 

total development period of this species was shortest on tender 

green pods (17.7 ~ 1.2 days) followed by green mature pods (18.0 + 

1:4 days) all of which were not significantly different, (P = 0 . 05) 
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(Figure 31E). The longest life cycle occurred in the case of stems 

(20 days) followed by leaves (19.l ~ 1.9 days) and then terminal 

shoots (18.5 ~ 1 . 5 days) which were also not significantly different 

(Figure 31D). 

4.2.4. Role of wild host pl:lllts on population of M· testulalis 

The wild hosts of M· testulalis found in the various study 

sites are shown in Table 21. Of the many wild legume species 

searched, M· testulalis larvae wer-e recovered from only ten species 

all belonging to the family Papilionoidae. The relative abundance 

of ~ · testulalis larvae on each plant species at every locality are 

designated as: (-) for absent, (+) for rare (less than 5 larvae/100 

flowers), (++) for moderately abundant (5-10 larvae/100 flowers) and 

(+++) for abundant (more than 10 larvae/100 flowers) as shown in 

Table 21. The results of these ratings showed that ~· testulalis 

was most abudant on Sesbania sesban L. followed by Vigna vexillata 

L. and y. luteola (Jacq) Benth (Table 21). Lambwe valley area B 

yielded the highest number of M· testulalis larvae in each wild host 

plant followed by Rusinga and then MPFS and the lowest nWllber of 

larvae was obtained fron Lmibwe area A surrounding the fareers 

experimental plot and Rangwe area (Table 21). Plate 15 shows~­

sesban a wild host plant on which M· testulalis larvae were found to 

be most abundant in western Kenya. 
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In Rusinga Island and Lambwe area B parasi toids were 

recorded on M· testulalis collected on wild host plants (Table 21). 

These were Bracon sp. on larvae and Antrocephalus sp. (Chalcidiae), 

on pupae of M· te-stulalis. At three localities, Rusi~ga. ta.bwe B 

and MPFS direct la...-val 90rtality due to pathogens esrecially, Sos~.ma 

sp. and Bacillus sp. was also observed (Table 21). 
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Table 18 . Correlation Coefficient (r) of natur3l populations 
of ~· testulalis versus 11ee.n number cf varius 
cowpea plant parts produced duri:i.g diffe:-ent 
cropping seasons at !olf'FS (1983- 1985) . 

Adult males Eggs 

Flower buds 0.055 ns -0.257 ns 

Flowers 0 .578 ns 0 .375 ns 

Pods 0 . 598 ns 0.086 ns 

*- Sig'llificant at 0.05 level, ns - non sig~ificant 

0.506 ns 

0.738* 

0 ......... 
• ( ~,j 

-• 
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Table 19 . Number of M· testulalis surviving at each development 
stage in screen house and open field after artificial 
infestation of cowpea plants with eggs 

NO. or liil.\.itlrc' A RECOVERED 

Age Inter-val Screen house Open field 

No . ~ So. 

Eggs 1200 100 1200 100 

Larvae 
1st Ins tar S45 78.8 876 73.0 

3rd Ins tar 264 :?~.o 2~8 19.0 

Pupae 169 14.l 101 8.4 

Adults 36 3.0 14 1.2 



Table 20. 

1:6 -

Development time and life cycle of M· t estulalis in 
screen house and open field conditions sfter artifici~l 
infestation of cowpea with eggs. 

Age Interval Development pe:riod \ davs) 

Screen house Open field 

Eggs 2 3 ? 3 

Larvae 9 - 12 10 - 14 

Pupae 6 11 .. 12 , 

Total 17 - 26 19 - 29 
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Table 21. Incidence of !otaruca testublis and its natural eoemies on wild 
host (samples taken at 5 locations between November 1984 and 
!-larch 1985). ( - = absent + = rate, ~ = moderately abund3Dt, 
++-+ = abundant) 

Location & Host Plant on Maruca and enemies 

which Maruca were found Eggs Larvae ParasitiS11 Pathogens 

l. !otf'FS 
Sesbania sesban L. ++ 
Crotolaria deserticola L. 
Vigna ve:o<i l lata L. ..... 
Rhvnchosia 9elacophv!la + 
(Spreng) 

2. tambwe f anaers field 
(area A) 
Sesbania sesban L. T 

Crotolaria deserticola L. 
Rhvnchosia se1accphvlla 
(Spreng} Boj 
Vigna vexillata L. + 

3. Lambwe (area B) 
Sesbania sesban L. +++ 
Crotolaria deserticola L. + 
Rhynchosia melacophylla 
(Spreng) + 
Vigna vexillata L. ++ 
Rhynchosia sp. nr 
aaxiaa ( L) DC. 

4. Rusinga area 
Sesbania sesban L. +++ 
Crotolaria spp. + 
Vigna vexillata L. ++ T 

5. Rangwa area 
Sesbe.nia sesban L. + 
Vigna lutiola ++ + 

N - Nosema sp.) r ecovered from dead M· testulalis larvae from 
B - Bacillus sp.) field samples. 

S+ 

+ (N 8t B) 

... r S & B) . ' 

+B 





Pla~e 15. 

12S 

Sesbania se-sban L. {Papilionoidae, Legumino~ae) a...~ 

important wild host plant of M· testulalis in 

western Kenya. 

' -:~. 
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Figure 18. Distribution of~. testulalis eggs on various 

parts of cow-pea plant under MPFS field conditions. 

. ~ 
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Figure 19. ?er cent M· testul3lis !arvae f0u..~d on di!fere~t 

parts of cowpea plants duri~g various phenol0gical 

stages at MPFS, 1983 short rains. 
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Figure ~O. Per cent ~ · testulalis found on different parts of 

cowpea plants during the various pheoological 

stages at MPFS, 1984 long rains. 
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Figure 21. Per cent ~· testulalis iarvae on diff~rent parts of 

the cowpea plants during the vario\!S phenological 

stages at ~FS, 1984 long rains (late crop). 
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Fi~~re 22. Per cent ~· testulal i s larvae found on diffe~ent 

parts of cowpee plant during the various 

phenological s t ages at MPFS , 1985 long rains. 
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Fi~~re 23. Per ceot M· testulalis larvae found on different 

parts of cowpea plants during the various 

phenological stages at MPFS, 1985 short rains. 
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Figure 24. Per cent M· testulalis larvae found on different 

parts of cowpea plants during the various 

phenological stages in Lambwe, 1984, long rains. 
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Figure 25 . Per cent M· testulalis larvae found on different 

parts of cowpea plant during the various 

pheoological stages in Lambwe, 1985 long rains. 



i 1001 
0. 

~~ 60 

~1 

,• 

111111 ~aruca larvae on veg. plant parts 
II aruca larvae on flCM'ef"s 
m Maruca larvae on pods 

' 

I ~ ~ ~ 
_ .1 .. ll JI ~ 

VFP VFP VFP VFP VFP- VFP VFP VFP VFP VFP VFP VFP VFP VFP 
~ ~ oo ~ ~ ~ n ~ m ~ M ~ oo ~ 

Days after plant emergence 

~-~ _1% 

~ 
VFP VFP VFP 
~ ~ m 

- - -- ·-· ~--·· <-=-==.-.===;;;?==-;: 



137 

Figure 26. Per cent M· tes t ulalis larvae found on different 

parts of cowpea plants during the various 

phenological stages in Lambwe , 1985 long rains 

(late crop). 
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Figure 27. Correlation analysis of mean number of M· 

testulalis eggs on the number cf various plant 

parts pr oduced on the cowpea plant per season at 
MPFS . 
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Figure 28 . Correlation analysis of mean number of ~· 

testulal i s larvae oo various parts produced on the 

cowpea plant p~r season at MPFS. 
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Fig-~re ~9 . Correl3tion analysis of ~~an nu:sber of M· 

testulalis :na}e mot~s en ~he ~u.::nber cf various 

plant parts produced on the cowpea plant per season 

at MPFS. 
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Figure 30 . Per cent M· tes t ulalis larvae surviving in screen 

house and open cowpea plots artificially infested 

wi t h e ggs. 
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Figure 31. Survival and develcpmnet of~- te-stulalis lan:3e ~n 

different parts of the cO"--pea plant under !li!FfS 

laboratory condit ions. 

A. Effect on survival of ~· t estulalis 

B. Effect on larval period 

c. Effect on pupal period 

D. Effect on pupal weight , 

E. Effect OD life cycle duration 
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EFFECT OF SOME CLIMATIC FACTORS ON POPULATIOS 

CHANGES A.-ID SURVIVAL OF ~· TESTULALIS 

Rainfall 

The logarithm of total (sum of eggs . larvae, pupae 

and adult numbers) M· testulalis population densities during 

the various sampling periods were plotted together with the 

week:y rainfall data fer each cropping period at ~FS and the 

results are presented in Fig"Ures 32. Results for Lambwe are 

not presented since the rainfall records were not taken. So 

clear relationship existed between the amount of rainfall per 

week and~- testulalis population density (Figure 32). The 

amount of weekly rainfall did not seem to influence population 

build up (Figure 32'. In cases where the crop was supported by 

irrigation the pest density remained low suggesting little or 

no influence of ir~igatioo water on natural populations of the 

pest (Fig"Ure 3~E-D) . The total rainfall per. cropping season 

was also correlated against population mean density of eggs and 

larvae per plant as well as adult males caught in pheromone 

traps per season and the results are presented in Figure 33, 

but the relationship although positive were not significant 

(P = 0.05). 
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4.3.2 Ambient Temperatures and Relative li.nnidity 

'Ille R.H. data was inconsistent in some seasons which had 

very heavy rainfall and the SUJllilaries were wireliable and hence the 

effect of ambient R.H. on M. testulalis is not presented. .AJso 

temperature changes within the season did not show any relationship 
' 

~ith population trends of the different development stages of~ 

testulal is and are not presented. However, a correlation analysis 

of the relationships between !!.:_ testulalis population in each 

generation and mean ambient temperatures at MPFS per season is 

presented in Figures 34-36. Table 22 shows the correlation 

coefficient values and the levels of significance as analysed by 

students t-test. 1he results showed that population density of eggs 

per plant ~as highly correlated to the difference between mea.~ 

maximtin and minimum temperatures Cr = 0.84) and the relationship ~as 

significant (P = 0.05) (Figure 34). Similar results were observed 

in egg numbers versus mean day-night temperatures Cr= O. i8) (Figure 

34F). In the case of larvae only mean minimum temperatures showed 

high positive correlation (r = O.i4) to larval population lo....41.ich was 

significant (P = 0.1) (Figure 35). 1he other temperature parameters 

showed no significant relationships with lan•al density. Figure 36 

and Table 22 sh°"'-s the relationships between male moths caught in 

the pheromone trap and the various temperature measurements. The 

positive correlations observed between the moth nLGbers and mean 

maxilll\.D temperature (r .. 0.58) as well as mean day-night 

temperatures (r • 0. 51) were not significant even at 0.1 level 

(Table 22). 
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4.3.3 Optimum temperature for survival and Development • 

The results on the effect of constant temperature studied 

under !-fi'FS laboratory conditions on~ · te-stul3l i s su:-vival a.'1ci 

d~velopatent are presented in Tablt'"s ~3-~~ ar.d Fig"Ure 37-~0. ~he resul!s 

shew that the temperature regimes aff~ted the gr°"'th and development of 

~· testu::!li s significantly (P = 0. 01 ~ . Fur~hl'"r ccrrelat ion a.;dlysi.s w-as 

conducted on the various development and survival parameters on eggs, 

larvae and pupae against the temrera t ure regimes and t~e re5ul t s are 

she·~~ in Figures 41-4~ aod Ta~ l e :~. T~e results show ~~3t ~ hP. 

temper-3 t :lre regi:nes ranging from :1 - 32°C had little infl:ience on egg 

incubat i on pe r i od a.'1d ~' egg hatch (_f i &-Ure 38, 4 1A. ~d 42.'. : . E~ev~r. 3t 

temperatures below 2loC and that above 34oC eg~did not hatch. In the 

case of larvae, the effect of temperature regimes on surv i val and 

development was highl y sign i ficant (P = 0.05 ) between temperat~res ~ 10 -

35°C (Table 24). The survival was however, not significantly af!ected 

between t emperatures 23-32oC (P : 0.05) although t he variat ions in 

development period was still significant at t ~ese temreratur~ r~gimes 

; Table :.; ·:. Figures 38-40 show t hat the opti.11UJ11 teMpe~ature for t he 

development and survival of~ - test:.:la:is ! ar.-ae "'35 29°<:~ Figure 3i 

shows the effect of temperature regimes (2l -35°c ; on pupal w~ight as a 

developmental parameter. These results indicate that the temper ature 

regimes signifi cantly affected pupal weight (P = 0.05) (DMRT ) . 

Correlation ana l ysis show that temperature regimes bet ween 21 - 32°C did 

not affect the pupal survival(r = 0.17 ) , although the pupal durati on and 
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weight were significantly affected (P = 0.05) (r = 0.91, and 0.94;, 

respectively (Table 24). At 35°C no pupae survi ved and hence no adults 

were obtained. .Figures 37-40 illustrate that the optimum temperatures 

f~r pupal development and survival were between 26-29°c. 

!he various tem?erature regimes (21-35°c) significantly 

af:ected the total life cycle duration 0f ~ · t~stulalis (Fi&"U.:"es 38 ~nd 

·HD, Table 24) ( P = 0. 01). At 35oC the life cycle was not completed as 

all t~e insects died before or duri=1g pupation. The optimum te11rreratu~·~ 

f,g ~· tes:u la l is developme::it a..,d. survival was between ::!3- :Soc . ::: "'as 

observed that between temper3.t~:-es ::'l-3~'::-c , the growth and develorme:nt (;f 

this s~ecies ...-as favoured by increase i~ temperature, the survivorshi;i 

was enchanced and that the generation time was significantly shortened as 

the t emperatures increased between these ranges (r = 0 . 9) (Figure 410). 



Table 22. 

Age interval 

Eggs 

Larvae 

Adults males 

(Peromone 

catches) 
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Correlatioo coeffecients (r) of Ma.nlca testulalis 

population versus temperature variations during different 

cr_opping seasons at MPFS ( 6 obs) , 1983-1985. 

Temprature parameters 

(!o4ean values) 

!oifini9Ull. 

Maxi..aum 

Max illlUJD"'""M in i.mum 

Daily 

Day 

Night 

Da)-Nig"ht 

Minimum 

Maximum 

Maxi.m\.lJ!rlotinimum 

Daily 

Day 

Night 

Day-Night 

MioiWl.Dll 

Maxi.Jlum 

Maxi~ini:mu:m 

Daily 

Day 

Night 

Day-Night 

r-values 

-0.25 

0.64 

0 84 

0.55 

0.51 

0.45 

0.7S 

0.74 

0.38 

-0.21 

0.48 

0.38 

0.59 

0.26 

-0. 12 

0.58 

0.23 

-0.07 

0.17 

0.32 

0.51 

Significance lev ls 

0.01 0.05 0.1 

ns ns ns 

ns OS ns 

ns * ** 
ns ns ns 

:!S ns ns 

OS OS OS 

ns * * 

OS ns ' 
ns ns ns 

ns OS ns 

ns ns ns 

o.s ns ns 

ns OS ns 

OS ns ns 

ns OS ns 

cs OS ns 

OS ns nn 

OS OS os 

DS ns ns 

ns ns ns 

ns ns ns 

* - significant at the levels shown, os - not significant. 
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Table 23. Survival of M~~!"~!~!! !eKtull:llis from eggs throu~h lo udull11 under different lemveroture regimes, 

________ .,. ___________ _ 
-----------···-- --·· .. ··-··· ... ···-··---··--- - ··-···· - ·•·· .. ---------------------

% SUJIV l VAI. Plm 'fEMPJt;HA'fUHJt: HKOIME 

Stage 21oe 23oC 2GoC 29oC 32<>c 35<>c 

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

Egg - l.orvoe 

J.arvae·- Pupne 

Pupne -- Adu Its 

47.4(47.4) 

44. '/ ( 44. 7) 

UG. 7(17 .1) 

·-------------···-

60.0(6B.O) 

5B.8(40.0) 

70.0(20.0) 

G3.3(G3.3) 

61.9(]6.7) 

!JO. !i ( :J:i. ~i) 

f;O. O (GO. O ) 50. 0 ( 50. Cl) G4. O(f;-t. 0) 

76.8(63.6) 63.6(31.B) 2'1 • 3 (l 5 . 0 ) 

02.0(41.H) G9.1(22.0) 0.0( CLO) 

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

•'igure in l'tt1·cnlhst~s ( ·-) ore cWlmlutive % survivul calc:ulut.ed from Uu: ini l ittl uwuber of eggH UHed. 
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Table 24. Correlation coefficients (r) of Maruca testulalis growth and 
development versus temperature (range tested 21°c - 32°C) (5 c 

Development pa:-3:11eters r-values Significan~ levels 

0.01 0.05 01. 

Eggs: 
Hatching period (days) -0.61 ns ns ns 
% Hatcbabili ty -0.12 ns ns cs 

Larvae 
la--.:al pe:-iod (days 0.91 ns * * 
" Larvae survivi.ng 0.73 ns ns ns 

P..ipae 
P....:pal period '. days 0.91 ns * * ~ Pupae surviving o. 71 ns DS ns 
Pupal weight (mg) 0.94 * ** ** 
Total life cycle period (days) 0.92 * ** ** 

* . . £'" t t th , 1 'h t . . f. t - s1gni.1can a . e .eve s s .. own, ns - no s1grn ican 
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Figure 32. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

15-0 

Weekly incidence of M· testulalis population on 

cowpea crop and the rainfall patteni at MPFS, 

1983-1985. 

Short rains , 1983 

Long rains, 1984 

Long rains, 1984 (late crop) 

Off season, 1984 

Short rains, 1984 

Long r ains, 1985 

Short rains, 1985 
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Figure 33. 
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Correlation analysis of the nUJllber M· testulalis 

on the amount of seasonal rainfall at MPFS during 

1983-1985. 

A. Number of eggs per plant vs rainfall (nn) 

B. Number of larvae per plant vs rainfall (mm) 

C. Number of males per trap vs rainfall (mm) 
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Figure 34. 

152 

Effect of seasonal tempen!lture variations on 

mean number of M· testulalis eggs per plant at 

MPFS, 1983-1985 

A. 

B. 

c. 

D. 

E. 

F. 

~an 

Mean 

Mean 

eggs 

Mean 

Mean 

Mean 

eggs 

•inimum temperature VS nUllber of eggs 

maximum t emperat ure VS number of eggs 

max-min. temperature VS number of 

day temperatures vs number of eggs 

night t emperatures vs number of eggs 

day-night temperatures vs number of 

G. Mean daily temperatures vs number of eggs. 
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Figure 35. 
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Effect of seasonal temperature variations on mean 

number of M· testulalis larvae per plant at Mf'FS, 

1983-1985. 

A. Mean wini•t111 temperatures vs number of 

larvae 

B. Mean maximum temperatur es vs number of 

larvae 

C. Mean max-min. temperatures vs number of 

larvae 

D. Mean day temperatures vs number of larvae 

E. Mean night temperatures vs number of l arvae 

F . Mean day-night temper atures vs nUllber of 

la..rvae 

G. Mean daily temperatures vs DUllber of 

l arvae. 



Figure 36. 
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Effect of seasonal tespet'"8tu..-e variations on M· 

testulalis aale moth population per trap at MPFS, 

1983-1985. 

A. Mean ainimm te.peratures vs number of 

moths 

B. Mean maximum temperatures vs number of 

moths 

C. Mean max-min. temperatures vs number of 

moths 

D. Mean day temperatures vs number of 11<>ths 

E. Mean night temperatures vs number of moths 

F. Mean day-night te111peratures vs nUllber of 

aonths 

G. Mean daily temperatures vs nUllber of 11e>ths 
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Figure 37. 

Figure 38. 
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Effect of constant tempersture regilaes on weight 

of M· testulalis pupae. 

Effect of constant temperature regi.mtes on 

development period of different M· testulalis 

life stages . 



Fig-..ire 39. 

Figure 40. 
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Percent survival of M· t~tulalis \mder constant 

temperatu..'"'e regi9es, expressed as proportion of 

the initial number of eggs used. 

Percent survival of M· testulali s under constant 

temperature regimes, expressed as proportion of 

the pi:-eceeding life stage. 
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Figure 41. 
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Correlation analysis of teaper-stare ~gi9eS on 

develop.ent period of different M· testulalis 

life stages. 

A. 

B. 

c. 

D. 

Temperature regimes 

egg (days) 

Temperature regimes 

Temperature regimes 

(days) 

Temperature regimes 

duration (days) 

vs duration batch of 

vs pupal period (days) 

vs larval period 

vs life cycle 
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Figure 42. 
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Correlation analysis of constant temperature 

regimes oo survival and development of M· 

testulalis. 

A. Temperature. regimes vs egg hatch 

B. Temperature regimes vs ~ l arval survival 

C. Temperature regimes vs ~ pupal survival 

D. Temperature regimes vs pupal weight. 
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BIOLOGY OF sa.m SELECTED s .. \TUR.U ~IES OF ~- TEST'.!1...UIS 

Tetrastichus sessmise, a Panssitoid of M· testulalis 

During the field studies seven parasitoids were recovered 

and identified from M· testulalis, but only one, Tet rastichus sesaaiae 

Risbec (Eulophidae. Hymenoptera). was successfully r-eared in t~ 

laboratory at MPFS. I· sesamiae is a gregarious pupal endo-paruitoid. 

The insect is a small chalcid. typical of tbe faaily Eulophidae. The 

species is black with brownish white legs and the aales are saaller and 

more active than the females. 

Behaviour. Reproductive and Dev-elopment on ~- testulalis . 

Studies under the MPFS laboratory conditions, showed t hat I· 

sesamiae started emerging from M· testulalis pupae from 8.00 hours and 

continued. to 16.00 hours (Figure 43). However, the highest nwaber of 

parasites emerged. between 8 . 00 - 9.00 hours after which the number of 

parasitoids emerging diminished to zero at 12.00 hours (Figure 43). Some 

late emergence occurred between 15.00 - 16. 00 hours, but the nUllber was 

negligible (Figure 43). T· sesm1ise adults started sating immediately 

after emergence from host pupae and one fe98le was 118ted several times by 

either one or several males. Oviposition occurred in both sated and 

unmated females and there was no distinct ti..9e lapse between 118.ting and 

oviposition. The females were active in searching for the host pupae and 

one femal e parasitoid ovipisited on upto 5 host pupae (Figure 44). This 

phenomenon was affected by feeding the parasitoid on different food 

sources (Figure 44). 
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The best results were obtained on feeding the females on 2~ sucrose 

solution (Figure 44). 

Longevity of !· sesa:miae adults was vari able but the mean 

ranged from 4.3 ! ~.6 to 13 . 9 ! 4.2 days depending on the quality of food 

substrate (Figure 45). Studies oo the effect of aqueous solutions of 

sucrose and honey at different concentrations showed th.at the adult 

parasitoid li~ for a significantly longer period when fed on 2~ honey 

solution as ce11pared to lower concentration of the same and 0-~ sucrose 

solution (Figure 44). The presence or absence of host pupae did not 

affect longevity (P = 0.05) but rather. if the adults were unfed t hey 

died within 4-6 days of emergence. The mean development period of !· 

sesa11ise on~· testulalis pupae was 16. 8 ! 2.6 (N = 100 pupae). It ~-as 

found that in fre5hly emerged unfed fe.male parasitoids fecundity was 

variable depending on the age of the female (Table 25) . The results 

showed that the fecundity was highest in one day old parasitoids which 

gave a mean egg count of 69 .5 ! 7.5 per female compared t o 42.8 ~ 5.4. 

37 . 8 ! 8.2. and 29.6 ! 4.7 in t he case of day zero , 2 and 3 old 

parasitoids (Table 25). Examinat i on of the ovaries of dissected females 

of various age groups showed that ovulation in !· sesamiae continued to 

occur even after adult emergence. 

Further, studies on the parasitoid revealed a variable 

progeny prcxiuction per female , ranging from 0-263, depending on th~ food 

quality (Figure 46). It was found that feeding the parasitoids on 20% 

sucrose solution resulted i nto the highest progeny production (Figure 

46). The various concentrations of honey soluti on did not affect the 

progeny production of I· sesamiea females and the results were similar to 
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those of 5-1~ sucrose solutions. but signifiC"mltly lower t~ that of 

2~ sucrose solution (P = 0.05) (Figure 46). When the parasitoids were 

offered distilled water, tap water or no food at all, progeny production 

was drastically lowered (Figure 46). It was further observed that when 

host pupae were exposed to I· sesB11iae the pupal 80rtalities caused by 

the perasitoids were much higher than t~ successful parasitization since 

the parasiticx!s did not always deposit egg in all attacked host pupae 

(Figure 47). 

The results of the effect of pupal age on parasitization, 

progeny production and development period of !· sesm1iae are shown in 

Table 26. Parasitization and progeny production were high when the 

para.sitoids were exposed to zero day old~· testulalis pupae (!able 26) . 

On such pupae 100% parasitism and a progeny of 142.5 ~ 11.3 per female 

parasitoid was recorded (Table 26). M· testulalis pupae were parasitised 

upto when they were day 5 old. H'owever, table 26 shows that progeny 

production was progressively decreasing with the age of the host pupa. 

The developmtent period of !· sesamiae was not affected significsntly by 

host pupae of day 0-5 (Table 26). However, when the parasitoids were 

exposed to pupae of day 6 and above, no progeny was produced and on 

dissecting such pupae 25 days after expos~ it was found that in some 

cases oviposition occurred but the parssitoids failed to develop and d~ad 

aalformed adult I· sesamiae were found (Table 26). 

Host Preference of 1· sesamiea 

The results on parasitization and perfonmance of !· sesamiae 

on pupae of five pest species M· testulalis, ~· fu.sca, ~· saccharina, 
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Q. partellus and ~. exespta are presented in Table 27. The highes t 

parasitization was observed on Q. partellus 84.4~ followed by M· 

testulalis (78.0~) (Table 27}. In all cases the nUlllber of females 

e.erging froa parasitised pupae were higher than the nUlllber of aales 

(Table 2i). ~· exempta produced the highest number of females to aales 

as well as the largest progeny per female (202.5 :t 19) C011pared to the 

pupae of the other species (Table 27). The sex ratio was lowest in the 

case of M· testulalis. There was a wide variation in progeny production 

in all cases. Except in the case of ! . · fusca which produced 

significantly low progeny {41.0 ~ 18) per female parasitoid, the rest 

were not significantly different (P = 0.05) (Table 27). The duration of 

I· sesamiae development (or life cycle) in pupae of the different 

lepidopteran species were not significantly different {P = 0.05 ) and t he 

means in the species studied ranged from 14.0 ± 2.7 to 16.8 ± 2.8 days 

(Table 27}. 



163 

Table 25. Potential -t"ecundi ty of unfed female Tetns.stichus 

sesamiae measured on different days after parasitoid 

emergence. 

Age (days) No. of fesales Eggs / female ~ SE 

0 50 42.8 :: 5.4 a 

1 50 69.5 + 7 .5 s. -

2 50 37.8 ~ 2.6 ab 

·3 50 29.6 :: 4.i b 

4 48 23.0 + 6 .6 b 

The same letters indicate no significant difference {P = 0.05), 

analysed by Duncans Multiple Range Test ( DMRT). 
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Table 26. Effect of age of M· testulalis pupae on perfot""llaDce of 

Tetrastichus sesamiea 

Pupal age Pupae ~ ~ Development !'4e-an 

(days) tested Mortality Para.sitis• period of progeny/ fe91ale 

0 15 100 100 18. S::L Oa l42.5:tll.3a 

1 15 75 75 19.S::0.7a 83.3::17.Sab 

2 15 50 64 18.0::l.3a 84.7~16 ab 

3 15 75 42 17.S::.0.9a 60 . 0::10.l b 

4 15 100 40 19.6::1. la 77.8~14.4 b 

5 15 100 25 19. 7±1. 3a 67.4~15.5 b 

6 16 25 0 0 (41) 

7 15 0 0 0 (57) 

8 15 0 0 0 0 

The same letters indicate no significant difference at 

P = 0.05 (OMRT). Figures in Parenthesis () indicate the 

number of dead parasitoids recovered io pupae after dissection 

of the pupal cadavers. 
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Table 27. Performance of t~traalichus sesruniHe on pupa~ of sumo levidoptera pees la e1mcie11 under lalJorntor·y 
condi lions nt MP rs. 

·----·-·-·-··-------·-----------· ---·---·-·--~-··- -·--·-- _____ ,,. __ ... _ ... ----·-·- ..... 

Host species l'upoe teated ~ Parwsitism -··---··--·--·- ··---_fttrtu~.H.Q!~l ..... ____ ·-----· 

Sex rot io Progeny 1•er· J,i fe. cycle (duys) 
M: J' femule <.! SD) (:t SD) 

·--------· ·--- ----------
Maruca testu l ulis 30 78.0 1: 4.7 93. l ± 64. 0 L 16.B ± 2.U o 

Busseola fusca 25 28.6 1: 6.2 41.0 ± lU 8 15.0 ± 3.5 ft 

Eldana socchorinu 24 71.4 1: 7.0 99.fi i. 48 L 14.1 :! 3 8 

Spodop t era exr:..'!!.P.t!! :J5 50.0 1: 12.5 202.5 ! 79 b 14.0 ± 1.7 8 

Chilo partell!!~ 30 04.4 l: H. H 147.4 i. 45 1, 15. 9 ± 3.·6 ft 

The mcun followed by difff.!renl letters ttre sigu.ificunlly <lifferenl (P :: 0.05) 
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Figure 43. 
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Per cent emergence of !· sesamiea from M· 

testulalis pupae during different times of the day 

under MPFS laboratory conditions. 



......... -lJ'") 40 -(Y') 
II z 

0\ 30 
.~ 
0\ 
L-
Q; 

~ 20 

i9 ·-0 
:'!:::! 

~ 1 
a. 

•, 
01-._J_--JL----'---JL--~---t--...----t--...----t--_, 

7 8 9 10 11 12 13 14 15 16 17 18 
Time of the day (hours) 



Figure 44. 

Figure 45. 

- 167 -

Mean number of M· testulalis pupae parasi t ized by 

I· sesamiea reared on different food substrates (D . 

- Distilled water, 0 - no food, T-tap water). 

Longevity of I· ses8Jliae adults when reared on 

different food substrates. 
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Figure 46. 

Figure 47. 
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Progeny production per feaale I· sesamiae on M· 

testulalis pupae when the parasitoids fed on 

different food substrates. 

Per cent mortality and parasitism of M· 

testulalis exposed to I· sesamiea adults fed on 

different food substrate. 
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4.4.:?. Pathogenicity and virulence of •icroorgan:iwls on 

M· testulalis 

Mortality due to the different microorganisms 
. 

tested on M· testulalis under laboratory conditions larvae are 

shown in Table 28. High 90rtalities occurred in the larvae 

innoculated with Nosema sp. and Bacillus sp. The first larval 

-.ortality was observed after 48 hours, when the larvae were in 

the 4th instaI" stage, during which 40% of the larvae were found 

dead in both treat.ents (Table 28). At 5th instar stage~ of 

the larvae treated with Noseaa sp. had died, while in the case 

of Bacillus sp .• the JtOrtality remained at 4~ (Table 28). All 

the larvae innoculated with Nosema sp. died before pupation. 

Thus, 100% 11tOrtality was observed within 4 days of innoculation 

with Nosema sp . The highest mortality examined in the case of 

Bacillus innoculated larvae was 60~ (Table 28). The rest of 

the larvae (40) pupated and developed normally to adult stage. 

Micr~copic exm1ination of larval cadavers revealed high 

concentrations of Nosema and Bacillus spores in larvae 

innoculated by these •icroorganis:ms , confirming that these 

aicrooraranisas were patho(enic to and were responsible for the 

larval 110rtality. 

Sefore death the larvae innoculated with Hoseaa 

sp. and Bacillus sp . became moribund within 36 hours. They 

showed loss of appetite characterized by their negative 

orientation towards the food substrate. The Hosema infected 
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lanree, showed a yellowish colour change, with the distinct 

black 11arks characteristic to M· testulalis larvae, 

disappearing. The·colour of the dead larvae remained light 

yellow after death and did not disintegrate for about one 

~- In the case of larvae infected with Bacillus no colour 

change was exmained and the black 118.I"k.s did not disappear until 

after death. However, after 1tOrtality, the larvae quickly 

became darker in colour and within 1-2 days the body ruptured 

and a llilk:y haemolymph oozed out of the larval cadaver showing 

a characteristic bacterial infection. 

Fungus and Coccus sp. recovered froa M· testulalis 

during field samples and cultures in the laboratory did not 

prove pathogenic to M· testulalis in laboratory assays. The 

11<>rtalities observed in fungus (44') and Coccus sp. (42%) 

innoculated larvae were similar to that of control 

· (uninnoculated larvae ) (4~) (Table 28). Microscopic 

exaaination of the dead larvae fr011 this treatment showed 

neither Coccus sp. spores nor fungal hYPhae, sycelia or 

fruiti.nl bodies in the hae.olywph. But rather sc.e of the dead 

larvae were found to contain high concentration of Nosema. 

4.4.3. Effect of Hosema on development and Survivorship of 

M· testulalis 

It was found that when the different larval instars 

Mere cballented with Nose.a sp. innocult.111, •ortalities were 
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highest in lst and 2nd instars (Table 29). Mo-rtali ty of these 

instar larvae were 10~ and 86% respectively. Fourth instar 

-larvae suffered the lowest mortality. When innoculation was 

done st 4th iostar stage or the stages preceeding it, the 

larvae noraally died before reaching pupal stage. However, if 

the 5th ins tar larvae were innoculated aortal i ty '-"8.S observed 

at the pupal stage. 

The tille taken by the different larval instar before 

death after infect ion by Nosema is presented in Table 29. The 

results show that the first instar larvae were the most 

vulnerable and died in significantly less time (P = 0.05) than 

the other larval stages (Table 29). The mean duration taken by 

the first instar larva to die was 2. 7 ± 1.6 days, while those 

of the other stages ranged from 6.2 ± 3.0 to 6 . 9 ± 2.9 days 

(Table 29). 

Attempts to use weight loss as an index of the effect 

of Nosema infection on M· testulalis yielded inconsistent 

results. Thus. this factor was neglected and as such the data 

.,-e not presented. Studies on the effect of Nosema of fecundity 

of sdult 90tbs which survived the di sease were also 

discootinued because the adults e.eriing from the bioassays 

tests were too 'few to warrant any meaningful tests. Detailed 

bioassay on Nose.a sp. were not conducted due to lack of 

sterile conditioas at MPFS during the study. 



Table 28. 

Coccus sp. 

Nosesa sp. 

Bacillus sp. 

fungus 

Control 
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Per cent 11<>rtality of 3rd instar M· testulalis larvae 

inn6culated with different microorganisms under laboratory 

cooditioos at MPFS. 

No. of ~ Mortality at (cumulative) 

larvae 4th inst. 5th inst. prepupae pupae TOTAL 

30 0 0 23.6 42 42 

30 40 60 100 100 

30 40 40 60 60 60 

30 0 10 30 30 44 

30 0 20 20 45 45 



Table 29. 

Development 

Stage 

Larvae I 

II 

III 

IV 

v 
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Mortality and survival of different stages of M· testulalis 

larvae innoculated with Noseaa spores under labor atory 

conditioos at MPFS. 

~ sw-.ivin( to 

No./Test ~ Mortality Pupae Adults 

30 100 0.0 0.0 

30 86.7 30.0 13.3 

30 83.3 16.7 16.7 

30 56.7 53.3 43.3 

30 73.3 26.7 26.7 

Days survived 

.:!: SD 

2.7.:: 1.6 a 

6.3 .:t 3.0 b 

6.2 .:!: 3.0 b 

6.7 .:!: 2.1 b 

6.9 .:!: 2.9 b 

The means followed by different letters are significantly 

different (P = 0.05) (rfofRT) 
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CHAPTER V 

DISCUSSION 

Population studies OD M· testulalis at MPFS and Lmmbwe 

provided a 11<>re detailed biological knowledge oo the pest, 

especially on the seasonal population changes, and the factors 

responsible for such changes oo host cowpea plant. This 

information is significant for a better understanding of 

population ecology and for future control strategies of th.is 

iaportant legume pest. During the study period, 5 and 3 

generations of M· testulalis were studied in detail at MPFS and 

Lambwe Valley, respectively, in the 1983-1985 cropping seasons. 

It was found that adult colonisation on the crop in 

most cases started as early as 15 DAPE at both sites. These 

observations were obtained from pheromone trap catches of aale 

-.oths during each season. Since the cowpea crop was newly 

planted during each cropping season, the ini tial attack on the 

crop by the moths was from other sources. However, the initial 

population of 110ths caught re.aiDed law for evecy generation 

studied until the flower initiation stage (30 DAPE) after which 

the population started r i sing to a peak 36-48 DAPE ( fitures l 

and 2). There was very little variation in the time of 

occurrence of these peaks in the generations s t udied. The 

peaks appeared to coincide with crop flowering resulting 
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into high infestation by the larvae at both sites. This peak in 

moth population probably signified the ti.me of peak pheromone 

production and mating activity. Furthermore, since this peak always 

coincided with the flowering period of the plants it suggested that, 

at this stage, the plants 1!'!9itted some chemical cues which were 

attractive to the 190ths resulting into increased populatioa:;of 

.aths •igrsting into the crop. Taylor (1967, 1978) also r-eported 

that M· testulalis were attracted to the cowpea crop when the plants 

were at the flowering stage. St udies by Okeyo-Owuor and Ag"rwaro 

(1963) revealed that the peak pherCBOne ectivity of the moths 

coincided with the mating activity which seems to support the 

earlier suggestion . From these observations, it may be concluded 

that both plant chemical cues and pheromone activit ies of the moths 

could contribute to this high peak observed on the crop at the peak 

flowering stage. Jackai (1981) also observed an early attack on the 

crop (21 DAPE) followed by a rapid population build up during 

flowering stage in Nigeria, although his data did not include moth 

population. Taylor (1967) studied the incidence of M· testulalis 

moths oc cowpea using i.ercury vapour light traps and reported that 

the nUllbers .-ere high during the cropping season. He observed that 

the hiih moth incidence coincided with the peak flowering and 

fruiting cycle of the two cowpea crops planted in Nigeria during the 

early and late season. He, further, observed that the moth 

population was low but active on both volunteer crop and wild host 

plants during the off season. 
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From the pher090ne and adult emergence traps it W$.$ 

observed that in a number of generations a second but low peak in 

moth population occurred after crop maturity (70 DAPE). This peak 

represented the JK>th population emerging from pupee in the 

experimental plot and was presusably the source of the subsequent M· 

testulalis generations on either volunteer crops or wild host plants 

as discussed by Taylor ( 1967, 1978). 

During the study period it was found that M· testulalis 

female aoth.s oviposit llOSt (79.~) of their eggs on leaves. This 

observation confirms the earlier findings by Okeyo--Owuor and 

Ochieng' ( 1981). Okech (Unpublished data) also recorded 11<>re eggs 

on cowpea leaves than on any other part of the plant in both 

laboratory and field experiments at MPFS, although earlier 

observations by Taylor (1967) and Jackai ( 1981) in Nigeria showed 

that eggs were mostly laid on flowers buds and flowers of the 

plant. Egg population at MPFS and Lambwe Valley showed that 

oviposition occurred on the plant before flower initiation stage but 

like in the case of adults the egg population remained low and 

started risinf only after the onset of flowering . Figure 3 shows 
/ 

that the peak egg population , during the short rainy season in 1983, 

coincided with peak flowering as well aa t hat of 1a<>tb population. 

Data for the other seasons (1984-1985) did not give reliable trend 

and were neglected in the construction of the temporal 

distribution. Because of the problems encountered during sampling 

for eggs, the number of eggs for t hese generations had to be 



177 -

estimated using the methods described by Richards and Waloff (1954) 

and Dempster (1956) for the purposes of constructing ecological life 

tables. The problems of sampling for M· testulalis eggs in the 

field have been highlighted earlier by Taylor (1978) . Jaclcai (1981), 

Okeyo-Owuor and Ochieng' (1981) and Higashi and Sato (Unpublished 

reports). 

Population changes of M· tes t ulalis larvae on cowpea crop 

have been reported by Taylor (1967, 1978) aod. Jackai (1981) in 

Nigeria and by Okeyo--Owuor, et al., (1983) and Rigashi and Sato 

(Unpublished data) in Kenya. The results obtained in the present 

study confirm the findings of the previous aut hors on the 

distribution and population density of this stage on the crop. On 

distribution of M· testulalis larvae, Taylor (1967) reported that 

t he first ins t ar larvae after hatching eat their way into the centre 

of fl owers wi t hout much wandering on the plant surface and that 

several such larvae may be found in one flowef'. However, at a later 

stage the larvae disperse froa infested flower into other flowers or 

pods by mieans of the siilten threads. Taylor (1967) and Jaclcai 

(1981) studied population of M· testulalis on several cowpea 

variet ies and reported that the h i chest ~e by larvae occurred at 

peak flowering s t age. This observation and the present studies show 

that the highest incidence of larvae occur at peak flowering stage 

resul ting i.Dto high demage of f lowers . 
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Studies at MPFS and Lambwe Valley revealed th.at the field 

sampling technique developed for pupal sampling was useful in 

providing a good estimate of pupal population density. This method 

was developed and used for the first tiiae for studying populations 

of this pest. So far, there is DO record on a sampling technique 

for this pupae in the literature and the probletS of s911pling for 

this stage was recently highlighted by Higashi and Sato (Unpublished 

report). However, the disadvantage of this method was that the 

corrugated paper sheets had to be replaced frequently as they got 

soaked by rains and were often eaten up by teraites. However, the 

results showed that the number of pupae in each generation was low 

indicating poor survival between the larval and pupal stage (Figure 

6-10). It is also possible that the method used in sampling for 

pupae gave some inaccurate results. Pupation started to occur in 

the field after 48 DAPE and continued to a peak just before the pod 

maturity for every generation studied. Pupae were not recovered 3 

weeks after pod maturity and harvest in the ICV6 variety, at both 

sites. 

The temporal distribution for the pupal stage for each 

generation at MPFS and Lambwe Valley {Figures 6-10) and the results 

from the pber01tOne traps (Figures 1-2) suggest th.at the second peak 

in moth iccidence resulted from a resident population on the crop. 

Since adult emergence started in the field 5-8 days after the first 

pupae we?"e recorded in the trap and continued until 2-3 weeks after 

harvesting in cases where the crop growth did not extend beyond this 
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period, it was eoacluded that DO aestivation/diapause occurred in M· 

testulalis either at the larval or pupal stage and that any adults 
. 

found on a crop planted several weeks after harvest were presumably 

U.igniting frcim other so~. Volunteer cowpea and wild host 

plants were observed to be an i.Jlportant source of infestation of the 

new crop by~- testulalis (Taylor 1978). There is no evidence of 

diapa.use i:c this species fraa previous studies in .Nigeria and Kenya 

and aature larvae pupate and emerge normally throughout the year 

(Taylor, 1978; and Okeyo--Owuor, 1981). However, recent studies in 

Chiba revealed that overwintering occurred in pupal stage (Ke et 

al., 1985). 

By planting the crop also in the off season, it was found 

that M· testulalis development continued and several generations 

occurred throughout the year. However, although the pest was active 

throughout the year, only the generations on the cowpea crop 

occurring during the long rainy periods (March-July) and the short 

rainy seasons (October-December) cause much concern as far as crop 

damage and seed yield losses are concerned. During the cropping 

seasons ooly O!>e •eneration W8.S ccapleted OD the ICV6 variety which 

was selected for the study. In sa.e cases in t.a.bwe Valley, when 

the raim ~re prolonged beyond the norwsl crop meturity period, a 

second low ceneration was also observed but this was of'ten 

incomplete and not :iaport8Dt. Since. the two rainy seasons were 

separated by a 3 11<>nth dry spell at Lmabwe Valley and even by a 

longer period at MPFS the other generations during the period were 
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possibly completed on the wild host plants. This situation was 

differ-ent fraa that in Nigeria in which the late crop was attacked 

by the colony from previous early crop resulting into higher 

populations in the late than the early crop (Taylor, 1967, 1978). 

In other tropical countries, several generations of M· testula.l.is 

have been observed throughout the year (Taylor 1967, Ke et al. 1985) 

and population flunctuatioo seems to be siailar to that observed 

during this study period. However, for the purposes of crop 

protection, control strategies should be directed towards the .. 
generations whose peaks coincide with peak flowering oo cowpea crop 

during the cropping -sessoos. 

Observations on mortality factors. and their role on 

population regulation as presented. in the life tables (Tables 1-8) 

and Figure 14 showed that the highest mortality occurs at the early 

life stages (between egg and 3rd instar larvae) and is attributable 

to disappeanmce. The total real generation mortality rang'ed 

between 51.7- 98.~ (Mean= 82.~) at MPFS and 96.4 - 97.7, (Mean= 

97.2%) at Lallbwe, showing that, fr-cm the initial cohort of eggs a 

nmge of only 1.1 - 48. ~ were expected to survive to adult stage 

UDder field cooditions. In case of -.ortalities occurring at 

different life stages (apparent 1t<>rtality), the lowes t 1tOrtality 

occurred at the 4th instar stage at both study sites. At MPF'S low 

apparent mortalities were also observed at the early in.star stage 

(Larvae I-II) as illustrated. in Figure 14. These results suggest 

that the larvae at these stages were secure frcm 1tOrtality factors, 
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resulting into relatively higher survival than the other life 

stages. During field sa11pling it was found that the early instar 

(Larvae I-II) and the 4th instar larvae burrowed and concentrated 

their feeding inside the food substrate and because of this 

behaviour these stages could be in ainiaal contact with the various 

110rtality agents occurring in the field. The other stages were 

relatively exposed. For instance, the eggs were laid on leaf 

surfaces and were usually unprotected. The 3rd instar larvae often 

moved about the plant looking for fresh food sites, while the 5th 

instar larvae at full growth ca.e out of the pll!IIlt to pupate in the 

soil. During this_time of movement on the plant and pupation, these 

stages are exposed to parasitoids, predators, disease and adverse 

climatic factors. Considering apparent mortality, it was found that 

the 5th instar suffered the highest mortality followed by the pupal 

stage and then the 3rd instar larvae. Again as in the case of 

apparent generation 1110rtality, the lowest apparent mortality was 

observed in the 4th and early (Larvae I-II) instar larvae, 

confirming an earlier discussion on possible factors responsible for 

the variation in .ortality in the different life stages on ~· 

testulalis. 

The results on M· testulalis 110rtality are better 

illustrated in the survival curves presented in Figures 12-13. The 

shape of survival curves obtained in M· testulalis are not similar 

to any of the thr-ee types of general survival curves (Types I, II 
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and III) described for ani.Jlals by Price (1975). However. he further 

described two basic types of survival curves obtained from life 

tables of 19 phytophagous insect species which aay be useful in 

explaining M· testdlalis survival curves. These he termed A and B. 

Type B is characterised by a concave shape in which very high 

.ortalities (.ore than 7~ by aid larval stage) occur in the early 

s t ages and is usually exhibited by free living and exposed species. 

although sOllte aay be protected by webs or buds. Me.hers of type A 

have a convex survivorship curves with less aortality (4~ or less) 

by •idlarvae and the aajority of the species are protected 

apparently by their burrowing habits or colonial defence behaviour. 

Survival curvesof M· testulalis sees to be inter9ediate between type 

A and B curves but more si.Jl.ilar to A and therefore satisfy the 

description of a typical insect survivorship curve as discussed by 

Price (1975). The mean survivorship curves obtained from 

generations at MPFS and Lambwe Valley, were more or less similar in 

shape and therefore either one of thea may be used to describe 

survival of M· testulalis (Figure 13). Also the similarity between 

survival curves in field and screen house support the idea that 

perasitoids •ifht be playing negligible role OD the pest population 

since the tests in screen house excluded these 80rtality agents. 

According to Price (1975), the shape of insect survivorship curves 

are of interest in understanding the reproductive strategies of 

parasitoids that attack these insects and in applied control. 

Although life tables have rarely been used in studying 

insect populations on arable crops in tbe tropical world, their 

construction for M. testulalis has proved useful in understanding 
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the population dynmaics of this species. In tbe present study. 

life-tables were constnicted for five generations as MPFS and three 

geoerat ions for Lambwe Valley from which the role of various 

mortality factors were derived. Mortality due to parasitoids and 

disease ageots was not observed in M· testulalis eggs and the 

reduct ion in eu m.mbers were grouped under disappearance. Sioce 

the eggs were difficult to exa11ine under field conditions due to 

samplin' problems stated earlier, the number of eggs used in the 

coostructioo of life tables and to culaculate. mortality due to 

disappearance was estimated as described Chapter III. From the life 

tables it ~ found that larval real J90rtality due to the various 

causative agents was quite variable within and between the 

generations studied. For example, io the case of larvae I-II, real 

mortalities due to disease and disappearance ranged from 1.2 - 17.5% 

(mean= 11.02) at MPFS and 14.7 - 40.5% (mean= 28.8';) in Lambwe 

' Valley. Thus, in this stage both disappearance and disease agents 

caused higher 110rtali ty in Lambwe Valley than ·at MPFS. 

Disease contributed only 0-6.6% of the real generation 

mortality in Larvae I-II, while the rest was due to disappearance at 

MPFS. This observation suggests that the incidence of disease at 

this earl1 st~e of M· testulalis i s negligible. Also no parasitisa 

was observed on this life stage at this site. S:L.ilar results were 

also observed in Lallbwe Valley, where only 0-5.~ real mortality in 

this stage was due to disease . 

The life-tables, further revealed that real generation 

90rtality in the 3rd instar larvae ranged fros 14.1 - 39.~ of which 

disease contributed 4.2 - 30.6% at MPFS. The rest of the mortality 

was due t o disappearance as no parasitism was observed in 3rd instar 
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larvae at this site. In Lambwe Valley, the range of real 90rtality 

in this stage was 8.9 - 28 . ~ of which 3.5 - 17.~ was caused by 

disease (mean= 13.~), and the rest was attributable to 

di sappearance (6.,%). In this site larval parasitism was not 

observ~. Data from life tables reveal low real aortalities in the 

4th instar larvae ss C09p~ to that of the other life stages at 

both sites. At MPFS mean real generation -.ortality due to disease 

was 3.~ compared to 6.4% for disappearance. In the case of Lambwe, 

the mortality was low and the contribution of the various mortality 

factors was negligible. No parasitism was observed at both sites in 

this stage. 

In Larvae V low level of parasitiSJ1 was observed, being 

only 0.04~ at MPFS and 0.4\ at Lambwe. Disease caused mean 

generation mortalities of 11.2% and 5.~ at both sites respectively 

while the respective real mortalities due to disappearance of larvae 

V were 6.~ and 4.4~. In this stage disease caused the highest 

aortality followed by disaJ>peo.ra.nce and then parasitism. Life table 

data showed th.at parasitism caused by mean real JDOrtality of 0.8% 

and 0.4~ for the generations at MPFS and Lambwe respectively in M. 

testulalis pupae. These .ortali ties were low compared to t.hose 

caused by disease (2.~ and 4.~ res~tively) and disappee.nmce 

(2.4~ and 3. ~ respectively). In this case disease and 

di sappearance contributed equally to pupal aortality at both sites. 

In the key-fact or analysis k0 was found t o be more similar 

to I than the other k-factors in relation to .agnitude of change at 

MPFS. This was further confi.nlled. by a correlation analysis of k0 , 
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kci and k12 on ~- The results ·showed that there was high positive 

correlation {r = 0.87) between k0 and K followed by k4 (r = 0.83). 

The value of k12 w!!s not significantly related to K. 

In the life tables, k0 which represents disappear8Dce 

operating at the egg stage, was coofinDed to be the key 110rtslity 

factor identified by the method of !tforris (1959), Varley and 

Gradwell (1960, 1968), Clerk et al. (1972), Varley et al. 1973, 

J ohos on ( 1978) and Danthanarayana (1983) . However, in the case of 

Lambwe Valley, although k3 resembled K -.ore than the other k-factors 

and was identified as the key aortality factor, the number of 

generations (3) was too few to warrant a meaningful statistical 

analysis on the factor. It is, therefore, possible that with more 

generations any other k-factor could have emerged as the key 

mortality factor at this site. 

At both sites, sBJ11pling was regular, but due to 

difficulties of sampling and adverse weather for eggs, the density 

of eggs used in this analysis was estimated lllld such estimates could 

result into erratic causes of change with respect to some of the 

curves in the key factor analysis. Hence, this could give 

inaccurate est:imiatioo of the role of egg 90rtality agents on 

population chantes of M· testulalis. Froa key-factor analysis it 

appears that disease contributed significantly to M· testulalis 

mortalitY'. The two aajor pathogens observed. Nosema sp. and 

Bacillus sp., are potential candidates for biological control for 

this pest. From the values of kB and kn, it appears that the 
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contribution of parasitoid.s to M· testulalis W10rtality and 

population change wes low and gegligible. This observation seem to 

agree with the view of some authors on the role of parasitoids in 

population regulation of insects (Besst 1961). However, since any 

attack by parasitoids usually leads to death of the host and not 

noraally easy to count dir~tly. estiaatioo of parasiti:ed hosts •Y 

be lower than those attacked, resulting in an under-esti:aation of 

the effect of parasitiS11 on population regulation (Campell, 1963; 

van Driesche, 1983 and Cock, 1986). Thus, the results on parasitism 

of M· testulalis found at MPFS and Lambwe Valley during 1983-1985, 

aay give an under-estiaate of the role of these aortality agents in 

view of the feet that a rich fauna of parasitoids were found at the 

sites and that laboratory studies on the pupal parasitoid I· 

sesemiae revealed even higher mortalities on M· testulalis pupae 

t han actual parasitism (Figure 47). This was possibly due to 

stinging action of the parasitoids on pupae which t hough did not 

result into parasi toid oviposition caused wounds on the pupae 

resulting in death or mortality due to infection by disease agents . 

The 90rtal ity factors at MPFS were further analysed for 

density relationship by plotting the values of k0 , ~ and k12 

against the log. of population density Ox> according to the methods 

of Varley and Gradwell (1963). The results showed that k12 (b=0.3) 

was slightly density dependent. The regression value of k12 was 
. 

high but not significant (P=0.05). From these results it is evident 

that the factors responsible for the aa.jor portions of the natural 

mortal ity of M· testulalis are not dependent on the population 

density of this insect species. 
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The field surveys revealed that M· testulalis is attacked 

by a wide range of natural enenies. The pathogens recorded on this 

insect were Nosea~ sp., Bacillus sp. , _ Clostridium sp., Mettesia 

sp. , and unidentified nematode and viruses (nuclear polybedrosis and 

gnmulosis). Although, all these ?ethogens occurred at both study 

sites acd appear to be widely distributed in ~-pea growing areas of 

westeni Kenya, Table 17 shows that the most common disease agents 

were Sosema sp. and Bacillus sp. Mortality due to pathogens was 

aostly recorded in the age groups between 3rd aDd 5th instars. 

Although, pathogenicity tests under laboratory condit i ons at MPFS 

showed that those stages younger than the 3rd iostar larvae were 

most susceptible , data from field s t udies suggested that field 

mortality at this stage was not due to these disease agents. In 

cases where microscopic examinations were made on 1st and 2nd i nstar 

larvae, found dead in the field , neither Nosema sp. nor Bacillus sp. 

were recovered. In a few cases where pathogens wer e observed, t he 

spore concentration in the slide preparations was negligible. 

However, these pathogens played an important role as mortality 

agents on M· testulalis especially at t he later stages. The 

existence and abundance of insect pathogens i n l epidopt era crop 

pests have been studied in detail by sever a l aut hors (De Bach 

1974). Noseme. pYTausta is an i.Jlportant pat hogen of l arvae of the 

European corn borer, Q. nubilalis (Zimmack and Brindley, 1957; Raun, 

York and Brooks , 1960 ; Windels et al. 1976; Lewis and Lynch, 1976; 

Lynch and Lewis 1976 acd Lewis 1978, 1982). Nosema sp. was also 
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recorded to cause mortality on £. partellus under natural field 

conditions in Kenya by M.O. Odindo (personal co•n.mication). 'nlis 

pathogen was first isolated on M· testulalis in Kenya by Otieno et 

al. (1983). Studies by Otieno et al. (1983) and the present results 

show that Nosema sp. is an important patboten of ~- t~tulalis and 

bears great potential for the biological control of this pest. 

Al t hough Bacillus sp. on M· testulalis was also abundant in 

the field, the strain found on the pest showed lower virulence than 

Nosema sp. when assayed in the laboratory. Under laborat ory 

conditions at MPFS Nosema sp. caused 100~ mortality on M· testulslis 

compared to only ~ in the case of Bacillus sp. Detailed field and 

laboratory studies on these species, Bacillus and Sosema, are 

necessary to a ascertain their potential in biological control of 

the pest. 

A rich fauna of M· testulalis parasitoids were found to 

occur at both study sites on cultivated cowpea and wild hosts. 

Al though no parasitoid was found on M· testulalis eggs, four 

hymenopteran parasitoids (Cheloous sp., Apanteles sp., Bracon sp. 

and en unidentified Braconid) were found to parasitiz;e larvae. Of 

t hese only Apa.nte l es sp. and Bracon sp. were found at MPFS, while at 

ta.bwe Valley all these were recorded. Tbe pupal parasi to ids 

recorded at both sites were Antrocephalus sp., Braunsia sp. Bracon 

sp., !· sesmai ae, (all Hymenoptera) end an tmidentified Ta::hinid 

(Dipt ers). The Eulophid, !· sesami ae was found only at MPFS. Among 
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the parasitoids Antrocephelus sp. was the most coamt<>n at both sites 

and we.s found to para.sitize pupae during both seasons throughout the 

study period. It ~ also evident from the studies that the study 

site at Lambwe Valley was richer in parssitoids than at MPFS. 

Lmtbwe Valley as discussed in Chapter III. has two reliable rainfall 

seasons and supports a wide range of wild host plants and volunteer 

crops on which~· testulalis and its parasitoids survive during the 

dry period. On the other hand , MPFS Usually has a long dry spell 

and short rains are only occasional. Hence, the few wild hosts oo 

whid'l. the pest and its par-asitoids survive are only found along the 

lake shores. 

Several parasitoids have been recorded on M· testulalis in 

other cowpea growing countries. Taylor (1967), Usua and Singh 

(1978) and Don-Pedro (1983) reported a diptera (Musca domestics from 

Callara Wlk), Braunsia sp. Phanerotoma sp. as parasitoid.s of the 

pest in Nigeria. M· testulalis was also reported to be parasitized 

by Apanteles etiellae Vier, Bracon cajani Mues, ~· thurberiphagae, 

PhenerotOlla bennetti, Perisierola sp. Eiphosoma annulata and Cedria 

pantdoxa in Fiji by Rao et al. (Unpublished repor ts). In India 

Agathi s sp. and Phanerotoma sp. were reported to at tack M. 

testulalis on pigeonPea er-op (Vishakantaiah and Babu 1980); while 

90r-e recently Ke et al. (1985) recorded two larval parasitoids 

nSJDely Cremastus sp. and Pseudoperichaeta insidiosa on the pest in 

China. In the present study all parasitoid species, except Brausia 

sp. and Antrocepbalus sp. were reported for the first time on M· 

testulelis. More detailed studies are necessary to determine the 

distribution of these parasitoids and identify others from other 

cowpea growing areas. 
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Host plants of M· testulali~ wer-e found to be important in 

detenaining biology and population trend of M· testulalis. For 

-instance, at MPFS and in western Kenya cowpea is the most important 

host plant of M· testulalis. Data frOll the field studies revealed 

that cowpea was attacked by the pest at a s~ific ti.me (15-30 DAPE) 

in crop growth stage and the population build up did not occur until 

flowering time. It was also observed that. al though, cowpea leaves 

provided suitable oviposition sites, the larvae of M· testulalis 

survived best on flONers and tender green pods and that survival was 

low in the absence of these parts of the plant resulting into low 

populations of ~· testulalis. 

Field observations on the distribution of larvae on cowpea 

confirmed that the other parts of the plant such as leaves, shoots 

and stems were least prefereed for feeding. The larvae only fed on 

these parts whenever flowers and green pods were not available, such 

as during the pr-eflowering stage and after the pods have dried up. 

The results showed a definite shift in larval feeding and 

distribution as the crop developed. For ex911Ple, at the 

vegetation stage until flower initiatiOD the few lar'\'ae found on the 

crop were feeding on plant shoots and soft parts of the stems. 

However, as 90re !lowers for-.ed, the larvae preferred_ to teed on 

flowers and the population shift was to these parts of the plant and 

; .. later to green pods (Figure 19-26) . Correlation analysis of the M· 

testulalis population data on the number of the various parts of the 

plant produced per season showed highly significant positive 
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relationships on flowers (r = 0.788) and pods (r = O.i33) (P = 
0.05). These relationships confir9ed the high preference by M· 

testulalis larvae.for these parts of the cowpea plant and suggest 

that these parts are important in sustaining high populations of the 

pest on the crop. Furthermore, the results indicate that in seasons 

where the crop was affected by environmental conditions including 

weather. vegetative pests and diseases, resulting in reduced flower 

and pod production, M· testulalis su~ival and population build-up 

was greatly affected. This is indicated by the lack of significant 

correlation bet ween the nwnber of adults caught in the pberoaone 

t::-a.p5 and eggs per plant against the various plant growth parameters 

(Figures 27 and 29 and Table 18). From this infonnation it may be 

concluded that the success in M· testulalis establishment on cowpea 

crop depends on the availability of flowers and green pods on the 

plants and the success of the larvae in reaching and feeding on 

these preferred parts. 

Preference of the flowers and green pods of the cowpea 

plant by M· testulalis larvae was reported in field studies by 

Taylor (1967, 1978) . According to Taylor (1967), both young and 

advanced stage larvae concentrate their attack on the reproductive 

perts of the flowers. They initially consume the anthers, 

filaments, stigma and ovary before feeding on the internal 

components of corolla. However, the larvae later disperse to other 

parts of the plants, especially, flowers and fresh pods. Be, 

further observed that, the successful establishment of 
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the pest at the flower initiation stage i s significant in relation 

to subsequent damage, reduction in yield and difficulty often 

encountered in the control. He, further, observed that flower 

daaage increases as the number of flowers per plant themselves 

increase, thus, rt!'aChng a peak about the saJDe ti.me as the peak 

flowering stage after which the deaage on flower decreases, but the 

dmaage on pods increases rapidly until pod asturity. Siailar 

observations were also reported by Usue and Singh (1978), Jackai 

(1981) and confina the findings on the larval distribution and 

survivorship on the various parts of the cowpea plants studied at 

MPFS and Lmibwe Valley. Further, investigations under laboratory 

conditions at MPFS confirmed that M· testulelis larvae survived and 

developed better on flowers and pods of the cowpea plants than on 

leaves, stems and tenninel buds. These findings were also similar 

to that observed by Okech {Unpublished data) on different cowpea 

varieties. The laboratory studies also revealed that the duration 

of larval development was shorter and the pupal weight was heavier 

in the larvae fed on flowers and green pods than those fed on the 

vegetative parts of the plant. These observations suggest that, 

since the performance of M· testulalis was better on flowers and 

pods, the insect completed its life cycle earlier and the 

generation time was shorter on these partsj hence, higher chances of 

the generation survivorsilip. Thus, in some cowpea varieties which 

flower profusely and produce more pods as well as being medium to 

late maturing the pest may eo11plete several generations leading to 
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severe de:as.ge on the crop and carry-over probless oa the subsequent 

cowpea crop in areas with prolonged rainy periods and bi.modal 

rainfall pattern.· In fact. in Nigeria. Taylor (1967. 1978) reported 

that the damage and losses due to M· testulalis on the late crop was 

higher than on the early crop, since the pest population tends to 

build up on the early crop and other cultivated legumes so that the 

lat e crop provides a focus of attack. This resul ted into 40-50~ 

loss of flower s and 20-40' damaged pods on copwea crop in Nigeria. 

Under such circumstances . at least 4 gene~tions aay be expected on 

both early and late crop. This situation in Nigeria aay be 

considered si•i lar to many parts of cowpea growing areas of western 

Kenya where there are two croppiug seasons per year and M· 

tes t ulalis has many cultivat ed legumes. including cowpea, and wild 

host plants to s urvive on . However . the Mbita conditions may be 

consider ed di fferent because of its eratic short rainy season but 

survival of the pest is promoted by farmers' practice of planting 

irrigating small cowpea plots and the presence of wild host plants 

a long the nearby lake shore . 

M· testulalis was recorded from wild leguminous plants of 

the fmnily Papilionoidae in all the five locations studied. Larvae 

of M· testulali s were found feeding aainly on flowers, but in some 

cases on pods of these plant species. Of the wild legumes froa 

which M· t estulalis was recorded , §. sesban supported the largest 

number of larvae (more than 10 larvae/100 flowers) followed 
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by y. vexillata and y. luteola (5-10 la..'"Vae/100-flowers). In the 

other legumes. E· melacophylla. Jcyncbosia sp. or. aaxi:aa. Crotolaria 

sp. and ~- deserticola, M· testulalis larvae were rare (less than 

5/100 flowers). Xhe survey results showed that~· sesban. y. 

luteolla and y. vexillata were caaaon plant species at the study 

sites. In L8mbwe Valley. Rangwe, ta.bwe A and Lmabwe B, these 

species of plants showed seai-perennial characteristics and were 

flowering throughout the year. Although flowering "'89 less during 

the dry periods. M· testulalis larvae were still found feeding on 

the few flowers, green pods, and tender shoots and stems of the 

plants at low populations. The plant s however, started flowering 

profusely soon after the onset of the rains and this was marked by 

an increase of M· testulalis larvae occurring on the wild hosts even 

before the cultivated cowpea crop was ready for infestation. Thus, 

from these studies it was evident that M· testulalis survived the 

dry period on the wild leguminous host plants and that as the cowpea 

crop grew, it was infested by the adult moths from tbe wild host 

plants after the onset of the rains. Such moths were trapped on 

pheromone traps as early as 15 DAPE . In the case of MPFS and 

Rusinga , the same wild hosts were found along the l ake shore, where 

flower ing also occurred throughout the year . These provided M· 

testulalis with a source of food supply during the dry period as 

well as acting as important source for cowpea crop infestation 

during the rainy periods . 

In Nigeria, Taylor (1967) recorded seasonal occurrence of 

larvae on 36 host plant species and Taylor ( 1978) listed 26 host 
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plant species of M· testulalis in which several were wild species, 

and orneaentals belonging to the different fBlllilies of Leguminosae. 

The role of wild hos~ plants in sustaining M· testulalis populations 

during the dry seasons when the principal hosts is not cultivated 

have also ~n underscored by Taylor (1967, 1978), Usua (1975) and 

.Tackai and Singh (1983). 

An even llOre striking finding during the study on wild 

hosts of M· testulalis on the 5 sites was the fact that in some 

sites parasitoids and pathogens of the pest were also recovered from 

the larvae and pupae. For instance, in Rusinga, the parasitoids 

Bracon sp. and Antrocephalus sp. were found emerging fr011 sOllle dead 

larvae and pupae of M· testulalis respectively, while Nosema sp. and 

Bacillus sp. were microscopically ex8Jllined from dead cadavers of M· 

testulalis larvae. These findings show that, apart from merely 

acting as wild hosts of the pest, these plants were also important 

in perpetuating the natural enemies of M· testulalis. 

The role of alternative host plants in maintaining natural 

enemies of insect pests especially predators aod parasitoids is well 

documented and therefore not unique to M· testulalis and its natural 

enemies. Recent investigations bave revealed that alternative host 

plants are important in enchancing the effect of natural enemies on 

insect pests (Sa.lick, 1983; Altieri, 1983; and Cook, 1985). 

According to Sal~ (1985) the activity of natural enemies on §. 

fugiperda was enhance by the presence of natural vegation in close 

proximity to maize crop and that under such conditions defoliation 

was less than ~. while the crop daaage by the pest increased 

significantly with distance from natural vegetation. 
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Although. in these studies some pr-eli.aiaary work was 

conducted to deteraioe the effect of climatic factors such as 

rainfall, temperature and relative huaidity on population ecology of 

M· testulalis, more detailed work is necessary to relate the various 

climatic parameters with the population changes of the insect. 

Furtbe.nt0re, the kind of equipment used in collecting cliaatic data, 

especially, the then.ohygt Og'Mlphs provided less accurate infomtion 

on R.H. and temperature as they only measured those changes at the 

ambient level, but not the micro-climate surrounding the insect and 

within the host plant. Because of the frequent saturation of the 

apparat us data OD R.H. at both sites we~ irregular and could not be 

used in detenaioing the effect of this factor on population of M· 

testulalis. Furthenaore, during the cropping season, the different 

stages of this pest resided in niches with high R.H. (between 

90-100~) especially in the case of eggs, larvae and pupae and merely 

measuring the ambient R.H. changes might not prove useful and was 

not considered in t he present study. 

Io the case of rainfall, two parameters were used to study 

its influence on population changes of M· testulalis. The first 

para.eter involve comparison of weekly rainfall versus population 

density per sample within each cropping seasOD at MPFS as shown in 

Figure 36. The r esults did not show that changes iD rainfall 

pattern had any direct influence on populat i on build up of M· 

testulalis possibly because of the lag phase between the rainfall 

and initial crop infestation by the pest. Population build up did 

not start on cowpea crop until 15-30 DAPE . Another panmeter used 

was the effect of total seasonal rainfall on population development 
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of M· testulalis. Population densities of the pest per hectare per 

season was analysed against the total rainfall per season for all 

the generat ion seasons studied at MPFS (Figure 37). The highest 

correlation coefficient was found on rainfall versus larval density 

(r = 0.49), followed by male adult density (r = 0.41) and egg 

density (r = 0.38). Although the results showed positive 

relationships between the a.ount of precipitation per see.soc and 

population density which to SOl9e extent suggested that M· testulalis 

population density was boost ed by the increase in seasonal rainfall, 

these r-values were not significant (P = 0.01). However, from these 

studies it is evident that the total precipitation per season was 

»ore important in influencing the population density of ~· 

testulalis expected on cowpea crop and could be a more important 

factor influencing seasonal population changes than mere rainfall 

within the season. 

The total seasonal rainfall also influence:lthe growth and 

development in the host plant as well as changes in other abiotic 

and biotic factors which are to influence the seasonal population 

changes of the species. For instance, it was observed that high 

rainfall within the season favoured flower and pod production in the 

host plant thus, providing suitable food source for M· testulalis. 

In seasons where rainfail we.s l ow the crop was heavily attacked by 

th.rips, aphids and whit~flies at the vegetative phase. The low 

precipitation and att ack by these pests on the crop adversely 

affected the flower and pod production on the plants. This resulted 

into poor establishment of M· t estulalis larvae, low survival and 

subsequent reduction in population density of the pest throughout 

t he cropping season. This phenomenon was more common at MPFS during 
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the August - January 1984 and 1985 when the rainfall was •ioiau11 and 

the crop development was ~tanied, resulting into low populations of 

M· testulalis (Figure 36). In 1983 the short rains (October -
.; 

l' 
I ,, 

January) were high, the crop stand was good and the corresponding 

population of the pest vas also high at this site. Although, the 

rainfall data at LsDibwe were not recorded due to distance fr011 MPFS 

station, the changes in ses.sooal population appeared to follow the 

same trend as that at MPFS and the relationship between the 

population and seasonal rainfall could be considered similar. 

Previous studies in Nigeria showed that larval population 

of ~· testulalis was favoured by longer aod higher rainfall durstion 

the type that occurred in the 2nd season (July to October) as 

compared to the population in the first season (May - July) which 

had lower rainfall (Taylor 1967; Jackai 1981). Okeyo-Owuor et al. 

(1983) also reported that the amount of seasonal rainfall was 

positively related to population density of M· testulalis larvae and 

that during the dry period the populations were low even though the 

crop was irrigated. Previous work on population dynamics have shown 

that factors such as rainfall are density independent or 

catastrophic and aay only contribute towards insect population 

change rather than act es population regulation factors (Clerk et 

al., 1972; Yar-ley, Gradwell and Hassell, 1975). 

Ambient temperatures at MPFS and Lmibwe fluctuated between 

15<>c at night and 35<>c during the day, these being the highest 

recorded temperature on thenaohygrograph readings at these sites. 

However, during the study period these extremes were rarely reached 

and the nmge in temperatures were aostly 18-2l<>c at night and 

23-30<>c during the day. The data at MPFS were used to study the 
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relationships betweet1 the temperature changes e.nd population density 

of M· testulalis as shown in Figure 38-40. Results from correlation 

analysis revealed high positive relationships between maxi.mum -

minimum temperatures and egg density per plant (r = 0.84), mean day 

- night t~re.tures and egg density (r = 0. 78) and mean ainimum 

temperature l!llld larval density (r = 0.74), all of which were 

sigllifice.nt. These temperature changes seemed to affect survival 

and development of M· testulalis under field conditions and hence 

determining the cause of population change of this species on a 

seasonal basis within the nonaal temper-ature ranges stated (18-2loC 

night and 23-30oC day). The observations suggest that the increase 

in ambient temperatures favoured faster development, infestation and 

successful establ i shment of M· testulalis resulting into increased 

populations on the crop. However, from the results it is was found 

that not all temperature changes measured contributed to seasonal 

changes in the pests population. For instance, Figures 34-36 show 

that, only the temperature parameters discussed above had 

significant correlations the various pest densities. The ot hers 

were not related to population changes of the pest. 

In the case of adult moths probably the lack of any 

significant effect of temperature on the population was because of 

the Darrow rat1(e of t emperatures (18-2loC) occurring during the 

night at the tllle when they are most active. The studies also 

suggest that in field populations seasonal changes in ambient 

temperature had significant effect on eggs than larval and adults 

stages. More detailed investigations especially on the effect of 

microcli11atic factors on the insect are necessary in the f i eld. 
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These were not maeasured due to lack of appropriate apparatus during 

the study period. 

Investigations on the effect of constant temperature 

regimes on survival and growth of M· testulalis conducted under 

laborato~ conditions showed that within 2l°C - 32°C, the different 

life stages were favoured, especially in larvse and pupae, resulting 

into shorter life cycle of the pest aod subsequently a shorter 

generation time. '11le opt:Uaum temperatures for M· testulalis 

survival and development was observed to lie within this range of 

temperatures. In the csse of larvae the optiWUJI temperature for 

survival was 29oC {Figures 43-44) and that for development was 

between 23-29oC (Figure 42). In the case of pupae the optimum 

temperature for survival and development was also found to be within 

the same range as that of the larvae. The heavi'est pupal weights 

were observed when temperatures were maintained at 23°C showing that 

this temperature favoured pupal development best. The different 

temperature regimes, however did not seem to affect the egg 

h.atchability and incubation period, except that at extreme 

tesperetures, below 18oC and shove 34oC no eggs hatched. The reason 

for this could be that these extreme temperatures affected egg 

development causing lack of egg viability or aortality. Similarly, 

in the case of larvae l!!Dd pupae mortalities were high at 

temperatures below 18°C and shove 34°c resulting into poor survival 

and development . In fact at 35°c neither larvae nor pupae survived. 

The results observed in the lshoratory studies confirm the 

observations under fi e ld conditions, that changes in temperature are 

signifiC8l'lt in survival, growth and development of M· testulalis. 
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The temperature regimes tested under the laboratory conditions were 

similar to the normal range observed in the field. During the dry 

periods ambient temperature at MPFS and Lambwe ranged from 24-35oC 

in the day while during the rainy periods the range is 21-30°c, 

while in both seasons the temperatures fluctuated between 15-lSoc 

during the night. The range of temperatures observed during the 

rainy season seem to be favourable to the pest and therefore under 

such conditions M· testulalis incidence was high at the study sites 

provided that the crop was in the field and in the right 

phenological stage. During the dry seasontemperatures are high and 

nonnally exceeded 30oC and temperatures reaching 35oC were not 

uncommon especially at MPFS. These high temperatures could be 

detrimental to egg, larval and pupal development and survival 

irrespective of whether the crop was maintained under irrigation, 

hence, partially contributing to the low population of M· testulalis 

observed during the off season. 

The effect of temperature on survival and development of 

lepidopteran species is well documented. Recent, studies by Bues 

and Poitout (1984) revealed that temperature changes are important 

in terminating and inducing development in Arctia cajani 

(Lepidoptera, Arctiidae). Reynolds and Nottingham (1985) also 

showed that temperature was an important factor in growth and 

efficiency of food utilization in Manduca sexta and Fujiyoshi et al. 

(1984) showed that temperature was important in the development of 

Sesamia inference. Because temperature is an important factor 

influencing development and survival of insect species either 

indirectly or directly, its role in determining population changes 

as a density independent factor can not be underestimated on M· 

testulalis . 



-· 202 

Studies on the biology of I· sesamiae a gt-egarious pupal 

parasitoid of M· testulalis showed that ovulation and development of 

eggs continued after fesale emergence and as such it was difficult 

to accurately detenaine their potential fecundity by teasing the 

female's abdominal parts. Thus, a better estimate of fecundity was 

done by observing the progeny production in the laboratory. The fact 

that this parasitoid had short development period (16.8 days), high 

progeny production (142.5 progeny per M· testulalis fESale) and that 

it can attack other cereal stea borers, such as £. partellus, ~· 

fusca, and ~· saccharine makes it a good candidate for biological 

control of these pests under traditional subsistence farming which 

are usually characterized by intercropping cereals and legume 

crops. It was also observed that one female parasitoid can 

parasitize and cause aortality of upto 5 pupae. The parasitoid was 

easy to rear on both M· testulalis and Q. partellus under laboratory 

conditions. These pests species are well established in laboratory 

cultures at MPFS. Furthermore, the biological activity of this 

parasioid, such as, progeny production, longevity and parasitism was 

enhanced by improved nutrient supplies such as sucrose and honey 

solutions as shown in Figures 44-47. Thus, the parasitoid shows 

good prospects for aass rearing and use in a biological control 

pro(?." e. 

!· sesa11iae "'8S not ccmaon in cowpea fields and was only 

recorded during one season at MPFS. The parasitoid was not found at 

Lambwe Valley throughout the study period. Although the species has 

not been reported on M· testulalis before, a number of species 

belonging to tne genus Tetrestichus are known to parasitize several 

crop pests. For example, the sorghua earhead midge (Contarini.a 
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sorghicola (Coquillet) was reported to be parasitized by T. 

diplosidis in Bukina Faso and Mali (Bonzi and Dournbia 1985) 

while T. blastophaga, .!· venostus were reported on the midge in 

Texas (Brooks and Gilstrap 1985). On lepidopteran crop pests 

T. sokolowskii was released to control Plutella xylostella on 

cabbage in Fiji (Anon, 1985) • .'.!'.· sokolowskii was also anx:>ng 

other parasitoids released to control f · xylostella in cape 

Verde and they appear to have been established there (van 

Harten and Miranda 1985; Lima and van Harten 1985). On c. 

partellus atterrpts were made to release .!· artriclavus arrong 

other parasitoids for control of this pest but with little 

success in canoro Islands (Breniere et al . , 1985). 

, 
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SUMMARY 

Investigations on p::>pulation ecology of M. testulalis 

was conducted on cowpea crop ( ICV6) at MPFS and Larnbwe Valley 

farmer' s field between the short rainy season (October-December 

1983) and short rainy season (October-December 1985). During 

this period, five generations of the pest were studied at MPFS 

in detail and three in Lamt::Me Valley. The cowpea crop was 

planted at the beginning of each rainy season and all stages of 

M. testulalis were sampled for. Since, the short rains at MPFS 

were often unreliable, the crop was m:>stly maintained under 

irrigation. Crop was also planted during the dry periods of 

1984 and 1985 at this site to assess the status of M. 

testulalis p::>pulation in the off-season. The irrpact of 

parasitoids a.,d pathogens as mortality factors was also 

determined through life-table and key-factor analysis. 

Bioassays on the m:>st conunon disease agent, Noseina sp. and 

laboratory studies on the biology of the pupal endoparasitoid, 

T. sesarniae, were conducted at MPFS. The effect of climatic 

factors and alternative host plants on population changes of M. 

testulalis was investigated. 

The results fran these stud~es showed that : 

1. Moths were first recorded on pheromone traps in cowpea crop 

at the pre-flowering stage (15 DAPE), but the population 

I 
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ranained low until after flO'#er initiation stage (30 DAPE) when 

the trap catches rose to a peak. '!his peak population density 

coincided with peak flowering stage, which is rrost suitable for 

developrrent of this insect. 

2. The trend of egg population developnent on the crop was 

similar to that of adults, but the actual numbers sanpled were 

low due to sarrpling problems stated earlier. 

3. Larvae were first recorded on the crop at about 30 DAPE and 

the population increased sharply to a peak that coincided with 

peak flowering stage. The trend in larval population change 

was similar in all the generations at both sites for all the 

instars. Before flowering the larvae fed on tender shoots and 

st ems of the plants, but later shifted to flowers and then to 

p:xls as soon as t hese parts were avai l able on the plant. 

4. Several generations of .!'.!· testulalis occurred throughout 

the year alt hough at the study sites and in other areas of 

western Kenya only one conplete generation occurred each on the 

long rainy and short rainy season's crop, causing substantial 

flower and pod damage and subsequent seed yield loss on cowpea 

crop. On the ICV6 cowpea only one generation of 11· testulalis 

was successfully canpleted. Other generations occurred in low 
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numbers and survived either on leguminous crops cultivated 

under irrigation by farmers along the lake or on wild host 

plants existing within the vicinity of the study area. 

5. Mortality and survival of ~· testulalis on cowpea 

agroecosystem were determined through the contruction of life 

tables. The results shc:Med considerable variation both in the 

intrageneration mortality of the life stages and the total 

generation mortality. 

6. Survival curves of M. testulalis indicated that the survival 

of the pest was a typical insect one and was an intermediate 

between type A and B described by Price (1975). This survival 

curve is indicative of a constant rate of mortality with about 

60% of mortality occurring by the 3rd (rnediam) larval stage. 

Furthermore, survival of M. testulalis fran egg to adult stage 

was low being less than 10% at both sites. 

7. A rich fauna of natural enemies associated with M. 

testulalis occurred in the cowpea crop ecosystem as well as on 

wild host plantsof the pest. Seven species of parasitoids, one 

nematode, and four pathogens were recorded on the larvae and 

pupae of the pest at the study sites. 

8. The life table and key-factor analysis revealed that at bo~h 

sites pathogens, especially Nosema sp. and Bacillus contributed 

significantly to the overall mortalities of M. testulalis. 
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Parasi t oids contributed minimal tov.iards the overall mortality. 

Mortality due to unknown factors termed here as 'disappearance' 

was also high especially in the egg and the early instar larval 

stage. The exact role of predators was not determined. 

Disappearance at the egg stage at MPFS (k0 ) and disease at the 

third instar larval stage in Lambwe (k3) were identified as 

key-fact orscausing population change at these sites. 

9. The apparent lack of a significant density dependent factor 

is indicative of the fact that the dominant factors effecting M. 

testulalis population change at both sites are 

density-independent. The increase in population during the 

season are probably related more t o density i ndependent weather 

and climatic factors such as temperature, rainfall and R.H . , as 

well as fcx:>d availability, while low food value and quantity of 

t he cowpea pl ants as t he crop matures coul d be the explanation 

for the population crash that occurred after the peaks. These 

observati ons were supported by results from the laboratory and 

f i eld studies on the effect of climatic (rainfall and 

temperature) and host plant phenologi cal factors on survival and 

development of M. testulalis. 

10. Wild host pl ants especially , s. sesban, y. vexillat a and V. 

luteol a pl ay a major role in survi vorship, and maintaining , 
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populations of M. testulalis, as well as their natural enemies 

under natural conditions, particularly during the dry periods 

of the year . Th1s is particularly irrportant since no diapause 

has been recorded in this pest in the tropics. Also during the 

dry periods there is no other plant to survive on except the 

wild hosts at both study sites. 

11. Preliminary studies on biology of a selected parasitoid 

(T. sesamiae) and a protozoan pathogen (Nosema sp.) of..!:!· 

testulalis provided some irrportant information of their 

biocontrol potential against this pest. More detailed studies, 

not only on these natural enemies but also on the others, are 

necessary to determine their role in population regulation and 

potential in biological control of M. testulalis. 

In general, the present studies have yielded iltportant 

information on the bionomics and population ecology of ..!:!· 

testulalis in cowpea agroecosystem. The role of the different 

rrortality factors have clearly been elucidated. The discovery 

of these natural enemies have contributed a significant 

addition to the list of natural enemies known on the pest. 

Similar ob.servations are true in the case of wild host plants. 

These studies further confirmed that M. testulalis still 

remains the key pest of cowpea which justified the development 

of a sound IPM system for its co~trol. 
, 
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