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ABS'I'HACT

Three experiments were used to assess the relative susccplihilitics of three

known resistant, one known susceptible and seven other varieties of cowpea avuilablc

locally ill Akure (Nigeria) markers under luboratory conditions nO :I: I"e and 50 :f~

I()% r.h.). III the first experiment. a known susccjuihlc nnd three resistant v.u icrics

of cowpea were subjected to three different levels of iuitinl larval infestation (one,

five nud tell larvae per seed). ;\ beetle colony derived from infested cowpea seeds

ill a locnl nmrkct ill Akurc was employed. 111 the second experiment. the suxccptihility

of seven varieties of cowpea commonly sold in local markets, to seed damage by C.

III(/CUllifUS were compared with that or three known resistant varieties and a well

known susceptible variety. The development ami survival of C. maculatus in two of

the known resistant varieties over five successive generations of the beetle was further

monitored ill the third cxpcrimcut. Speed of beetle development and larval survival

to ndul: emergence in the cowpens, were used y) measure performance of the beetle

ill the cowpens,

Results of the first experiment showed that in the resistant cowpens.

development time was not affected by level of larval infestation. Percentage adult

emergence .decreased significantly (P < O.OS) with increase ill level ot Iill val

inlcxtution in the resistant cowpens.

III the second experiment. hectic development was gcocrally slower alld lcwer

hullvkluul» survived to IIdulthood III the known rcsistnut cowpea COIIIIHIIl'd to

others. I >evclo)lIllCrll tuuc was sigulficaruly longer nnd pcrcclltilgc adlllt CIIICI gCllec was

significalltly lower ill three of the locally sold varieties, 'IVx :,n(), White I )""11 and
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0100 than in the well known susceptible variety.

In the third experiment, there were no significant differences in the

development time of C. 1II0CU/lltu,\' in the resistant cowpens (lT85F-2205 and JT90K-

391) between flve successivegenerations. The percentage of hatchedbeetle eggs

which produced adults in the cowpea increased significantly from one generation to

the next.

The significance of' the observations in the experiments isdiscussed.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

Cowpea. Vif.(IW ungulculata (I..) Wall'. is an important food and trade item ill

tropicnl countries, especially in WestAlricn where it is a cheap principal sourceor

protein (Oycnugu, 19M~). As food, it is eaten ill the form of dry seeds, green pods,

green seeds nnd tender green leaves. Itis also utilized for fodder find as II quick

growing covel' crop under 1\ wide range of conditions on account of itsability to fix

atmospheric nitrogen efficiently; up to240 kg N/ha (Rachie and Roberts, 1974).

However, insects arc amajor limiting factor to cowpea production andutilization in

Africa (Singh and Jackal, 1985),

The major insect pests of cowpea instorage lire bruchids, especially

Callosohrurhus 1II(I(.'I1/alll,\' (1',), The attuck stllrts from the field when the pods lire

nearly mature. Eggs lire laid on the podsbut weevils prefer to slip inside the pods

through holes made hy thc other pests and lay eggs directly on the seeds.After

harvesting, bruchids multiply and do considerable damage to stored cowpea.C.

macula/US is capable of causing hundred percent infestation within3-6 months storage

period in West Africa (Singh, 1977; Caswell and Akibu, 1980; Seck, 1993), The

damaged seeds lire riddled with adult emergence holes, defaced with egg coversand

have reduced weight nud poor gcnuinating capacity, Loss in dry weight due to the

cowpea bruchkl call hens 1I\11chns thirty percent in Nix months of storage (IITA,

19M2), l lenvy uunck causes severe powdering (Kranzet al .• 1<)77) and the product

is unfit for human consumption. The damagedone by this hruchid is so substantial

that many fanners in Africa, Asia and South America arc compelled to dispose off



their crop SOOI1 after harvest which not only reduces an important protein source for

their families, but forces them to sell at lower prices (IITA, 1979; 19RO; 1982).

Efforts have been made to find effective control measures for storage bruchids.

One of these is the use of host plant resistance. The development anduse of resistant

cowpea varieties have been extensively studied because it offers a simple, cheap and

attractive approach to reduction or C. "/lICU/llIl1.\' dallluge ill stored cowpea. Ofabout

IS,()()O accessions of' cowpea in thegcrmplasm collection at the International Institute

of 'l'rupicul Agriculture (IlTA), Ibadan, Nigeria, a few, especially TVu 625,TVu

2027, TVu 4200, TVu 11952, and TVu 11953 havebeen identified as having

appreciable levels of seed resistance to C.macutatus damage (Singh, 1977;Adjadi

et al., 1985; Jackal and Singh, 1988). Prom these resistant progenitors, especially

TVu 2027 many other C. maculatusresistant cowpens have been developed at IITA

(Singh, 1987; Singh and Singh, 19(2). SOJllC improved cowpea varietiescombine

bruchkl rcslstancc wilh rcslsrancc to one01' two other major insect» pests and many

cowpea diseases, and havebeen recommended for release in Nigeriaand other

countries (Singh and Singh, 1992). This recommendation notwithstanding, many

farmers do not grow these improved cowpeas for reasons which are not clear (Jackai

and Adalia, 1997). Most of these improved varieties are hardly found in many

Nigerian markets.

'l'he level of resistance exhibited hy the IITA varietieshas, however, not been

consistent nmongs! the different workers. It hnsbeen observed that C. 11/(1('11/0111.\'

1'\'OIIldifferent geographical regions differ in theirability to damage seedsof resistant

cowpea (Dick andCrcdland, 19HGa; Ofuya and Credlaud, I ()<)5a). Another factor Ihal
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may cause discrepancy in observed level of seed resistance in cowpeaby different

workers is the experimental protocol, including the level of seed infestation (Ofuya

and Reichmuth, 1994). Whilst Messina and Renwick (1985) found that seed

resistance in some cowpea derived from TVu 2027 was not overcome by C.

maculatus over six generations, Dick and Credland (1986b) observed that C.

macukuus became more tolerant of seed resistant factors in TVu 2027 over three

gcncrutlons.

The objectives of this project were therefore to:

(i) determine the effect of level of initial larval infestation of C.maculatus on seed

resistance in three known resistant and a susceptible cowpea.

(ii) compare susceptibility of seven commonly sold cowpea varieties with three known

resistant varieties and a well known susceptible one and,

(iil) dctcnnlnc the nhillty of C.macutatusto overcome resistant[actors in twu known

resistant cowpea over five successive generations.

3



CHAl)TER TWO

2.0 LITERATURE REVIEW

2.1 TIlE BIONOMICS OI? C.MACULAl'US AND DAMAGE TO COWPEA

The initial infestation occurs in the field when the pod are nearly mature. Adult

female beetle can lay eggs on pods at various stages of maturation and their larvae

arc capable of developing on dry grains and011 developing grains (Iluignard et al.,

1985). During eclosion, the larvae burrow through the chorion of the egg directly into

the pod wall, and then through the pod wall and seed coat into the seed, where the

larvae develop and pupate (Prevett,1961; Booker, 1967; Messina, 1984). In the field,

beetles frequently enter inside the pods through holes made by other pests and lay

eggs directly on the seeds [Singhet al.,19901. Individuals which invade field crop

may come from infested stores in the vicinity (Taylor and Aghaje,J 974) or from wild

cowpea or other legumesIBooker, 1967.1.Store Infestation Is frequently derived from

harvested field infested pod or seeds (Booker,1967; Caswell, 1976; Parr, 1994) but

may also come from hidden infestation in the store. Irrespective of source of initial

infestation, the founders consist of relatively few individuals that can breed and

proliferate to pest proportions in a relatively short time (Prevett,1961; Iluignard et

al., 1985). The growth, development ami reproduction of C.maculatus in the

lnbonuory have been studied by different workers (Caswell, 1961: Howe and Curie,

1964; OsuJI, 1982; Giga flndSrnith, 19H7). The optimum conditions for these

processes In this beetle arc 30-350 C and 50-70% or more relative humidity which

closely approximate to what obtains duringII major part of the cowpea storage period

in West Africa. Under optimal conditions, C.maculatuseggs hatch in 3-5 days and

larval development takes8-16 days. There is a 2-day prepupal and a 5-day pupal
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stage. After the pupal stage, adults emerge through exit [emergence] holes demarcated

during the last larval instal'. Males IIlId females may mate shortly ultcr emergence,

ami presumably several tlmcs during adult life(Oluya, 1<)<)5).IL has been reported

that females release a phcrouumc that attracts males,(Qi ami Burkholder, I <JR2).

Oviposition starts soon alter mating H1I<.lmajority of the eggs arc laid within three

days. Unmated females do not normally lay eggs. The adult life span is from 8-\6

days but unmated individuals could live much longer.

The oviposition behaviour of mated females has been extensively studied and

females prefer large (Mitchell, 1(75), whole (Nwnnzeet al., (75), smooth IMessina

and Renwick, 1985aJ seeds for egg-laying. The bchaviournl repertoire and

mechanisms during oviposition have also been examined(Ofuya and Agcle 1989a, b:

Parr, 1994; Oluya and Adcnakuu, 19(7). Realized fecundity of females is variable

and is influenced by kindor host infested (Oluya, 1987a, h; Ofuya and Bamighola,

1991), number of host available (Credland, 1986, Ofuya, 1987c), and the

reproductive experience of males (Ofuya, 1(95).

Adult population of C.maculatus is known to exhibit polymorphism (Taylor and

Agbajc, 1(74). Two primary morphs; called the secondary andacri vc forms may he

produced in infested stores. Active morphs appear when food quality is poor or when

the temperature and humidity rise during severe infestation (Messina and Renwick,

19851». Active morphs fly readily and are smaller, and have larger fat reserve, live

longer and lay fewer eggs later in life. They are unquestionably important in dispersal

of the species, It appears that C.111(1(,11[0(11,\' produces intermediate morphs which

exhibit vnrinhlc takeoff ability (Pajni, 19H6) and sedentary tonus which may he able

to fly well to invade field crops from nearby stores (Thanthianga and Mitchell,I ()c)O).
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Damage to cowpea seeds in storage by C.macula/us, is widespread in Africa and

constitutes R major constraint to food availability and utilization. In Nigeria alone the

estimated dry weight loss of cowpea due to bruchld infestation is about 30,000 tonncs

(which represents about 4% of the total annual production) per annum with an

estimated value in excess of 30 million U.S. dollars (Caswell1961; 1980; 1981;

Singh et al., 1983). The infestation by this bruchid not only causes reduced seed

weight but also affects the aesthetic and nutritional values of the grain and decreased

seed germination potential (Booker,1967; Caswell, 1981). Loss in seed germination

due to bruchld attack may reach 100% for grains with four emergence holes (Santos,

1971).

2.2 CONTROL OF C.MACULA l'US IN COWPEA

Over the years, various methods of controlling this bruchid with differing levels

of effectiveness have been devised (Lale and Efcovbokhan,1991). The methods

include chemical control, modiflcatlonor storage atmosphere, the use of plant-derived

lnscctlcldcs anti the use of host plant resistance.

2.2.1 CHEMICAL CONTROL OF C. MACULA1'US

Many insecticides have been demonstrated to be effective againstC.maculalU.'1

either as dusts or fumigants. lnsccticidal dust of malathion, pirimiphos-methyl or

permethrin, have been reported to be effective against C.maculatus (llill, t 983;

Kranz et al., 1977; Singh et al., 1978; Caswell and Akibu, 1980; Taylor anti Evans,
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1980; Onolemhemhem and Olgiangbe, 1991; Ogunwolu andIdowu, 1994), and

Icnitrothion, carbaryl and deltamethrin (Rahman, 1990) can protect shelled cowpens

stored in bags or airtight containers from bruchid damage for several months.

IIOWCVCl', dusts of pirimlphos-methyl, tctrachlorvlnphos and lindane have been

observed to be incffectlve against bruchid infestation in unthreshed cowpea (Caswell,

1976). Fumigation is especially useful for bruchid control in huge-scale cowpea

storage in air-tight facilities such as silos, warehouses and other enclosures.

Aluminium phosphide which releases phosphine gas is commonly used (Caswell,

1976). Methyl bromide (Yonedaet al., 1990) and dichlorvos (Rahman,1990) are also

effective fumigants against C.maculatus.

The role of insecticides in pest management systems of the future is now open to

question cspcclnlly in the developed economics, due to the decreasing tolerance of

residues in foodstuffs (Longstaff', 1994). It is therefore, essential that stored products

protection in the developing countries of West Africa is achieved through reliance on

a range of alternatlvc non-chemical pest control measures so as to reduce dependence

on insecticides to a minimum.

2.2.2 MODIFICATION OF STORAGE ATMOSPIIEIU~ FORC.MACUI.A 1'US

CONTROL

An alteration of atmospheric gas concentration is an attractive method because

insect dctcrioratlon can be controlled without use of pesticide. Different storage

devices which provide hermetic conditions have been reported to be effective (Ripp,

1984: Shcjbal, 1980). The consumers or households can hermctica Ily store cowpea

seeds in plastic bags with haft or cotton liners (Caswell.1976). The atmosphere
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achieved depends on the degree of gas tightness, the temperature and moisture content

of the grnln and the Inltlnl abundnnce of pest and mlcroflora (Evans,1987). The

storage Insects eventually diefrom asphyxiation. In a hermetically scaled steel drum

filled with cowpea seeds, the concentration of oxygen will drop to about1% within

2 weeks because of normal infestation by C.maculatus which is deleterious to

bruchlds (Caswell, 1976). If the hermetic storage is efficiently carried out, the

cowpea seeds will be preserved in a condition little worse than it was when storage

began (Caswell, 1976). Insecticidal atmospheres can he produced artificially in

storage 1'01' pest control (Banks, 1979; Danks and Annis, 1990). In 100% carbon

dioxide or pure nitrogen atmosphere nil stages of C.maculatus are killed in 5 days

at 32° C (Oluya and Reichmuth, 1992). Other carbon dioxide based atmospheres

containing 30-88% CO2 and nitrogen based atmospheres containing1-4% O2 have

been demonstrated as effective against C.maculatus (Ofuya and Reichmuth, 1993b;

1994; Reichmuth and Oluya, 1993). The adoption of the controlled atmosphere

storage in developing countries will certainly he hampered by the cost of gas and

scaling or storage structures.
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2.2.3 HIOLOGICAL CONTROL OFC. MACULA1'US

Mnny nilIurn I enemlcs uuack bruchlds, hut before the populatlons build up to

effective levels in storage, cousklcrublc damage has already been done to the cowpea

seeds by thebruchids (Oluya, unpublished observation). In West Africa,C. maculatus

is mainly parasitized byDinarmus basalis (Rondani)(Synonymous toD. laticeptis

(Ashmead), Eupelmus vuilletl Crawf., Chaetospila elegansWestwood and Uscana

larlopliaga stcflun (Caswell, 1976; Owusu-Akyaw, 1987).Since some damage can

bc tolerated by cowpea consumers in Wcst Africa, research on the use or these

uaturul enemies for the control of bruchids may he valuable. Attempts have been

made atclasslcnl biological control [the introduction or exotic agents for long-term

suppression and regulation or pest populations] of bruchids in some parts of the world

with varying degrees of success (Steffan,1981; Arbogast. 1984).SOllie work has also

been done on the bionomics of indigenous pasitoids of C.maculatus in West Africa

(Leveque et al., 1993; Alchcek , 1996). However, the adoption of this method hy the

farmer IIIl1y he hindered hy fluaucial. technical and logistical problems. The method

also requires a more thorough and detailed knowledge or thebiology and ecology of'

the different nuturnl enemies.

1..2.4 USE OF PLANT·DERIVED INSECTICIDES FOR C.MACUIATUS

CONTROL

The use of plant materials in the control or storage pests is an ancient measure

ill uiauy parts or the world. The lIIixing of' the pia lit parts (leaf, hark, seeds) and

vegetable oils has been traditionally practised especiallyIn Asia IIlId Africa (Fujii et

al., 19H9). There isIIn increase ill the use olhiocidcs 1'1'011I plants because insecticides
e

derived (rom plants like pyrethrum aud rotenone have been found to he non persistent

9



in the cnviroumcnt, of low ruammalian toxicity, and relatively safe to other non-target

orgnnlsms, Nccm, Auultraclua lndlc« (A. Juss.)is one of the plants in the African

landscape tluu lire being investigated as a source of pest control Oilfood crop (Olalla

(!I al .• 1987; Saxena 1989; Sclunuucrcr: 1(85). Black pepper, Piper nigrutn (both the

dried and brine-preserved unripe fruit) protects peas and bean seeds against

Callosobruchus (Mylkado et al., 1979; Su and Ilovert, 1981 ); Oil contact it is highly

toxic to adults and newly hatched larvae before they penetrate seeds. Similarly,Ofuya

(1986) reported that dry chili pepper fruits,Capsicum annumand onion scale leaves,

Allium cepa afforded SOIllC degree of protection against C. maculatus damage ill

stored cowpea. Lulc (1992/ hilS more recently demonstrated repellency or dry chilli

pepper rill its to udults or c. maculatus. Cit rus peels ha ve also been shown to

siguiflcuutly reduce viability or C. 11/(/(,((/01((.\' eggs IRajapakse, 19901.. Oluya /1990/

also reported that powders orNicotiatui tabacuni L., Erythrophleum suaveolensand

Ocimutn gratissimum L. significantly reduced oviposition by the beetle.

Researchers have also been investigating the useof' vegetable oils as surface

protcctunts for cowpens aud beans againstbruchids, Sangappa (1977) reported that

nccm uil applicd at 0.75 to 1.0 (percent hy weight) protected redgram seeds for 161

days frolll weevil infestation. Singh ('/al., (1978) reported that mixing 5 to )() 1111

gruuuduut oil with one kilogranune or cowpea seeds achieved aneffective control of

weevil for six months. Messina and Renwick (19H3) reported that vegetable oilsnot

only kill the eggs but also deter oviposition. The oilIilm also interferes with

respiration of the insects. The oils prevented the hatchingof the eggs which Tikka

ct (/1., (I <)HI) uurihutcd to the interference or water balance resulting ill

unditfcrcruiarcd and shrunken eggs.
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However, many of these oils contain unsaturated fatty acids and fats that turn

rancid due to ox ldut ion. The result isII d isngrccahle odou rand reduced protect ion

against the insects (Su, 1984). Also high levels arc needed for effective pest control,

and at present small fanners cannot always afford to use oil on the bulk of their seeds

for storage; there is the problem or cleaning the oil off the commodity before sale or

lIse.

2.2.5 TilE USE OF HOST PLANT RESISTANCE IN TilE CONTROL OF

C. MACUl.A1'US

Plant resistance, has heen defined by Fencmore (1984) as theability or a plant

species or variety to grow and produce economically despite the presence or the pest.

The use of plant resistance offersII simple, cheap and uuractivc approach to reduction

of C. maculatus damage in stored cowpea (Kitchet al., 1991). Extensive and

intensive screening work hilS been done lit lITA to locate cowpea varieties that arc

less suscept ihle to seed damage byC. tuaculatus. or about 15,000 accessions of

cowpea in the gcnnplasm collection at the I1TA. Ibadan, Nigeria, a few, specifically

TVu 625, TVu 2027, TVu 4200, TVu 11952 and TVu 11953 have been identified as

having appreciable level of seed resistance to C.maculatus damage (Singh, 1977;

Adjadi et. al., 1985; Jackal find Singh, 1988). Many researchers have worked on

inheritance or bruchld resistance in cowpea and reported that two recessive genes arc

required in the homozygous condition to confer resistance againstC. maculatus

infestation (IITA, 19H2; l1TA 19R3; Redden andMctlulre. 19R3, and Adjadi et ul.,

19H5). These genes arc digcnically inherited (lI'1'A, lcJ~B; J\djadiet (/1., I<JX).

Development of the hruchid on cowpea varieties that have the resistance gene is very
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poor nnd the build-up of C.maculatus population is therefore very slow (Singh, 1977;

1987: IlTA, 1983). Seed rcslstnnce to C.tnaculatus in these IITA cowpea varieties

has been confirmed by several other workers (Messina and Renwick, 1985;Ofuya,

1987; Kitch et al., 1991; Mbata, 1993;Ofuya and Credland, 1995a). Cowpeas which

cxhihlt modcrute resistance to C.maculatus have also been identified among the wild

and weedy species(Oluya. 1987c). SomeVigna genera are immune toC. maculatus

dnmugc (Oluya, 1987d).

Using the resistant parent lines especially Tvu 2027, UTA has developed several

improved breeding lines which combinebruchid resistance with other desirable

agronomic tralts, such as high yield, and early maturity [Singh and Singh, 19921.

The level of resistance exhibitedby the IlTA varieties has however, not been

consistent nmongst the different workers. It has been observed that C.maculatus

from different geographical regionsdiffer in their ability to damage seeds of resistant

cowpea (Dick and Crcdland, 1986a;Ofuya and Crcdland, 1995a). Another factor

that may have caused discrepancy in observed Icvel of seed resistance in cowpea hy

different workers is the experimental protocol, including the level of seed infestation.

Level of larval infestation of s~e~ has been shown to influence the degree of control

exercised hy controlled atmospheres (Ofuya and Reichmuth, 1994).

The mechanism of cowpea seed resistance to C.maculatus includes antibiosis

(Singh, 1977: 1987; I1TA, 1983;Ofuya, 1987a). The factors conferring resistance to

Cl)WPCII vnrlcrles against hruchid infcstnrlon are morphological and biochemical in

nature mul hoth lireinherited. The morphological factors especiallyaffect reeding,

oviposition ami ingestion or the pest (Kumar, 1(84) while the biochemical factors

influence to a large extent the metabolic processes of the pest (Kogan, 1977).
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2.2.5.1 MORPHOLOGICAL FACTORS IN COWPEA AND RESISTANCE TO

C. MACULA1'US

Physical characteristics of the cowpea pod and seed such as seed texture, size and

thickness of the pod wall, have been linked to resistance of cowpea varieties to C.

maculatus (Akingbohungbe 1976; Nwanze and Herber, 1976; Fatunla and Badaru,

19831\,h; Messina and Renwick,1985; Khauaket. al., 1987; Laic and Efeovbokhan,

1991; Mbntu, 1992).

It has been reportedthat C. maculatusprefers to lay eggsOJ~ smooth-coated seeds

than on rough-coated seeds (Howe and Curie, 1964;Nwanzc and 1I00"her,1976;

Messina and Renwick, 1985). Recent findings have shown thatC. macula/us laid

significantly more eggs on rough-coated seeds than on smooth-coated seeds of other

varieties of cowpea (Laic andEfcovbokhan, 1991; Turaki, 1996). This latter finding

lends support to the possible involvement of chemical factors as part of the

oviposition cues of C. maculatus. Crcdland and Wright (1988) have also

dcmousuutcd tluu extracts ubtnlncdfrom the testae of different cowpeavaricrlcs either

stimulated or deterred oviposition of C.tnaculutus without regard to whether the

testae were rough or smooth.

Pod wall resistance is an alternative source forreducing seed damage by C.

macula/us in cowpea and some less susceptible cowpens have been identified

(Aklngbohungbc, 1976, Pitzucret al., 1985; Kitch et al., 1991; Oluya anti Awelcwa,

1993). Cuthbert et al., (1974), demonstrated that a pod factor inhihiting pcuctration

through the pod wallby the adult. andnntibiosi» are under genetic control and can

he t ruus111 ittcd to progeny. I'cry and CUI hbcrt (I <)7<) investigated t he pod [actor

resistance ami calculated thcirafrow ami broad sense hcritahility estimates of 45
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perceu; II III I 4() percent, rcspcctlvcly. ClllllllhllllH nnd Ry 11I11I (I <JH2) luvestlgutcd lite

YCIII.:tlc ruuure or the pod rnctol".l)y IIIl11lYRllIg the pod-wall Htrcngth lit thy pod II III

pnrentnl F" F2 nud buckcross gcncrutlons or 1\ realstaut X susceptlhlc' cross, nnd

reported tho III11TOWnnd brund-scnse hcrltnblllty estlllllllCS or 45 percent IIl1d 47

percent, These results suggested thnt pod-wull strcngth III closely nsxoclutcd wlth pod

fuctur I'cIIIIIIIIIlCO. Dick II III I Crcdlnud (I ()H(lh) HlIggClllcd the IIIIC or these phYllkll1

chnrnctcrlsttcs to complement the hlochcmlcul rCRIHllIlICC found. III varlotlc» derived

lnun TVu 2027.

2.2.~.2 CIIICMICAL FAC'I'OnS IN COWI-ICA AND IUCSISTANCIt: TO c.

MACUlA '1'US

Severul chcmlcul fnclllI'H have been rcpuucd 10he rcxpouslhlc I'lli' C, 1/1(If '11/(1/11,\'

reslsruuce 10 cowpea (OnlehouHo ('1 al, 1979; 1.1110nud ltlcovhoklmu, JI)I)I),

Ontc\HluHO (II al., (l97lJ) reported tluu 1\ high level or trypslu lnhlhltur (nburu 2 fold

increase) III TVII 2027 NcedH couuuuud 10 the HIISeCl'Iihic VllricllcH WIIH 1CSIllIIISlbic 1'\11'

rcslstnnce 10 C, I/ItiCII/C1/II,\', They nlso showed thllt trypslu illhihitor Isolllied 1'1'0111

cowpea nnd mixed III ground cotyledons or II susccptib!« cowpea vurlety 'I'vu ~7

reduced the survlvul or hruchld eggs. Bilker ct 0/" (llJH<J) IIlIaly(,ed trypslu Illhibilor

uctlvlty III tell 'I'Vu 2027 derived hruchld rcslsllIlIl hrcedlug lilies iucludhu; TVII 2()27

IIlId ~ HIISCcpllhie IIIICH. Cuuunry 10 clulms Ihlll clcvutcd trypsln lnhlhlror levels mny

CO ('I elute wun C, 1II1/('I1/a/II.\' rcslstuncc (Gutchouse rt (11" 1(71): Jnnzeu ('/ 01" !C)'/(I;

(11111.'1111111101'1 01" IIJH") Irypslll IlIhlhllory IIl'llvlllclI 1/1 1111'Needs did 11111difln

slgllilil'lIlllly between rl'sistllilt IIlId SlIsl't.'ptihle lilies ,!III was II,e level or IIYldll

inhihitor corrchucd to C, nuuulatns dcvcloputcnral time or 1I1011alily. The n ypsin
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inhibitor activity ranged from 32.21'.1.U/mg to 50.0 1'.1.U/mg with mean of 43.2

'1'.1.U/mg in rcslstunt breeding lines compared torange of 32.8 T.J. U/mg to 44.5

T.J. Uzmg with a mean of 38.9 T.I. U/mg in susceptible Iincs. The differences were

non-significant. It has also been observed that artificial seeds made out of TVu 2027

or its derivatives are as susceptible to bruchids as susceptible lines (Murdocket al,

1988). Plcrgtovannl et at. (l990b) also found that the bruchld-susccptiblc line TVu

3000 had the highest value of trypsin inhibitor unit per milligram of proteins(66.2

1'.1.U/l11g protein) and one of the bruchid-resistant lines, IT82D-716, had the lowest

(27.1 T.1. U/mg protein) of all the cowpea lines tested. These observations indicate

that trypsin inhibitor alonemay not account forbruchid resistance in cowpea.

A trypsin inhihitor lsolutcd from V. ungulculata (Gntchousc et al., 1(79), and 1\

phytohcmngghulnln lsolntcd Irom the dry bcunPhaseolus vIIIRlIri.\· (Gutchousc et al.,

1984) were dctrhncntul to urtiflcial diets. However, a correlation analysis or 56

vigna and 18 Phaseolus species failed to find any significant ass~·)ciati()ns between

levels of either phytohcmagglutinins or trypsin inhibitors and seed resistance to C.

maculatus (Birch et al., 1985).

A previous study with cowpea examined levels of proteins which inhihit the

activity or trypsin, chymotrypsin, leucine, aminopeptidase ami carboxy peptidase to

dctcnuinc the relationship between such proteinase inhibitor» and bruchid resistance

(Gatchouse et al., 1979). Recently, a cysteine proteinase with a mildly acidic pH

optimum hlls been identified in the gut of C.11I(1('11/(11/1.\' (Gatchousc et 01.• 1c)H5;

Murdock et al .. 1987). Addition of a cysteine proteinase inhihitor to artificial cowpea

seeds prolonged developmental time and increased mortality for C. nutculatus

(Murdock et al., 1988). Gatchousc et al. (1985) partially purified cysteine proteinase
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inhibitors from cowpea seeds and showed thatthey were effective inhibitors of C.

tuaculatus larval proteinase. It seemed reasonablethat the level of cysteine proteinase

inhibitory activity in seeds might he relatedto C. maculatus resistance. Osbornet

al., (I <JRR) have identified 'urcclln', a major seed protein in wild Phascolus vulgaris

liS tile ('1II..:tOl'responsible ('01' resistance to bean bruchid Zabrotc« ,\'II/~/tl,\'('i(/IU,\'

(Hohcmnu) , Similarly I purumluophcnyl nlauinc ill several wild Vi1<11ll species was

shown to he toxic toZabrotes subjusciatusas well as to Callosobruchus /11(1(;1.1/(111I.\'

(Birch et al., 1986). lshimoto and Kitamura (1988) showed that a water soluble

substance present in kidneybeansstrongly inhihits the larval growth ofC. chinensis.

Findings of a recent study suggest that considerable differences existbetween

bruchkl-rcsistnut und bru: ..hkl-susccptihlc cowpea lines in terms of their total

unsnturutcd I" lutty uckls nnd SOIllC ('ally ucld ratios (Picrgiovannl et al., I <)<)Oa;

t 990h). Lower contents of Hlhll unsaturated elK fatty acids were typical of the

resistant than the susceptible lilies, whereas the ratios of the critical fatty acid were

higher ill the former than in the latter cowpea lines (Picrgtovanniet al., 19<)()h). This

observation is in agreement with earlier findings of Boughdadet al., (1987) in which

they iudicatcd that fatty acids may have significant adverse effects on the development

of larval hruchids,

2.2.5.3 TilE MEIUTS OF lJSIN(; IUt;SISTANT VAIUETIES IN C.

MA~:VIA 1'US C()NTI~()L

The development of resistant varieties as a means of dealing with the problem of

C. tnaculatus attack or cowpea may therefore be importaut in many different ways,

First, it is an easy, economical and effective way of controlling the bruchid on stored
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cow pen (Fenemore, 1984; Kumar, 1984; Lale and Efeovbokhan, 1991; Laic, 1996).

Secondly, it requires little technological inputs, creates no environmental hazards and

is generally compatible with other methods of control (Pathak and Saxena, 1976).

Thirdly, resistant cowpea varieties are known to effect a cumulative reduction in

bruchld numbers whenCOll1pl\t~t1 to susceptible varieties (Dick and Credland, 1984;

19861\, b). Fourthly, in au integrated bruchid control programme, it may improve the

effectiveness of insecticides (Ilorbert, 1972, Fenemore, 1984). Fifthly, URe of

resistant varieties generally requires little or no cost to farmers, thus farmers can

direct their resources to other desirable inputs (Kumar, 1984). Finally, it may be

cheaper to develop resistant varieties than new pesticides.

These numerous advantages support the continued interest by researchers in

vigorously pursuing investigations in the nrcu of vnrlctnl control of crop pests find

effective dissemination of findings.
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CHAPTER TliIlliE

3.0 EFFECTS OF COWPEA SI~EI) I{ESISTANCE AND LAI{VAL

COMPKITI'ION ON Tin: Dlt;VELOPMENT OF CAIJ,()S()IIRlJClIlJS

MACUlA 1VS (F.) (COLEOPTERA: URUCIIiDAE)

3.1 INTRODUCTION

The cowpea seed beetle,Callosobruchus maculatus (F.) is a cosmopolitan storage

pest of cowpeas, Vigna unguiculata (L.) Walpers and related grain legumes (Jackai

nnd Daoust, 1986; Singh et al .• 1990). Often, after six months in storage 100%

infestation may he recorded (Singh, 1977; Seck, 1993). DamagedReeds are riddled

with adult emergence holes and defaced with egg covers which leads to reduced

weight and poor quality product. Beetle damage also causes significant reduction in

seed viability. The development and use of resistant cowpea varieties have heen

extensively studied because it offers a simple, cheap and attractive approach to

reduction of C. maculatus damage in stored cowpea.Of about 15,000 accessions of

cowpea in the gcnuplasm collection at the International Institute of Tropical

Agriculture (IITA), lhadan, Nigeria, a few, specifically TVu625, TVu 2027, TVu

4200, 'J'Vu 11952 nnd 'J'VlI11953 have been identified as having appreciable levels

of seed resistance to C.tnaculatus damage (Singh, 1977; Adjadi et al., 19H5;Jackal

alll~ Singh, 19RR). Prom these resistant progenitors, especially TVu2027 many other

C. nutculatus resistant cowpens have beendeveloped at Il'I'A (Singh. 1987; Singh and

Singh, 1992). Many workers (Messina and Renwick, 1985; Dick andCrcdland,

19R6a; Ofuya, 1987; Kitch et al., 1991; Mbata, 1993; Oluya and Credland, 1995a)
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have lurgely confirmed the lower susceptibility of these resistant I1TA varieties to the

seed beetle, The level or resistance exhibited by the UTA varieties has, however, not

been consistent amongst the different workers. It has been observed that C.maculatus

from different geographical regions differ in their ability to damage seeds of resistant

cowpens (Dick and Credland, 1986a; Ofuya and Credland, 1995a). Another factor

that may cause discrepancy in observed level of seed resistance in cowpea by different

workers is the experimental protocol, including the level of seed infestation (Ofuya

and Reichmuth, 1994). This was examined in this experiment.

3.2 MATERIALS AND METHODS

3.2.1 /Jeetle population

C. uuiculatusoriginatlng Iroin indiviuuals Infesting cowpea in a local market in

Akure were used. They were used to infest Ire Brown cowpea in Kilner jars and the

cultures were maintained and the study conducted at 30± 10 C and 50 ± 10%

relative humidity in a cooled incubator.

3.2.2 Cowpea varieties

The varieties used were three known hruchid-rcsistant cowpens initially developed

lit IITA, ITR4S-2246-4. IT85F-2205, and IT90K-391. and a well-known susceptible

variety, lfc Brown, and the seeds were obtained directly from IITA. Ibadan, Nigeria.

All seeds were first stored in a deep-freeze for seven days prior to use and were

thereafter conditioned in the cooled incubator for at least 7 days before use in the

experiment to stundurdizc their moisture content.
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3.2.3 Experimental protocol

For each cowpea variety.J()() conditioned seeds were placed inside a glass Petri

plate (9.0 em in diameter) into which was introduced several freshly emerged males

ami females of C.II/a culu 111.\' lor 24 hr so that females would oviposit Oil the seeds.

The time of oviposition was recorded. Excess eggs were removed from seeds to leave

either one; five 01' ten eggs per seed. Subsequently, each seed was placed in a

separate test tube and closed with colton wool such that emerging adults could not

escape to the outside. Fourteen days alter ovlpositiou (alter egg hatch but before adult

emergence), seeds hearing eggs that railed to hatch (such eggs remain translucent)

were discarded. For each level of seed infestation, 25 seeds with hatched eggs were

retained. As (rom 20 days liner oviposition, the seeds were examined at least twice

daily ami adults were removed as they emerged over a 70 day period (i.e. until ~O

days alter oviposition). This procedure was replicated three times. The time of

emergence or each adult was recorded. Development period (time of egg laying to

adult emergence from seed) and percentage adult emergence (number of emerged

adults x \O()/nullIher of hatched eggs were calculated for each cowpea variety and

each level of seed infestation. Data on developmental period (days) and percentage

adult emergence were subjected to analyses of variance. Percentage adult emergence

was arcsine transformed before analysis.

3.3 RESULTS

The development period of C.maculatus in seeds of the susceptible Jfe-U-r('wn and

the three resistant cowpens was not significantly different (P> O.OS) whether one,

rive or ten larvae simultaneously infested each seed (Table 1.1). There were
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significant (P < 0.05) differences in the mean percentage adult emergence of the

beetle from the cowpens at the different levels of initial larval infestation, except in

the susceptible variety (Tahle3. 2). For the resistant varieties, percentage adult

emergence was significantly lower when ten larvae initially entered a seed than when

one larva initially entered a seed. Percentage adult emergence was similarly

signlf'lcuntly lower when ten larvae initially entered a seed than when five larvae

initially entered a seed except for1'1'84S-2246-4. Percentage adult emergence when

five larvae initially entered a seed was not significantly different from that observed

when one larva initially entered a seed except for IT84S-2246-4. The interaction

between larval infestation level and variety was significant (P< 0.05).
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Table 3.1. The mean developmental period (days) of the local population of C.

/1/(I("t!(/(II,\' in seeds of selected varietiesor cowpea atdifferent levels 01" initial

InrvIII infestation

COWPCII

variety

Reslstl\lH.!e MClin developmental pedod (days) (± S. H.) of

status beetle ill seeds initially bearing:

One larva Five larvae Ten larvae

Il'e Browll Susceptible 22.4 ± 0.22 22.2 ± 0.21 21.8±0.IS

1T84S-2246-4 Resistant 31.5 ± 1.35 31.4 ± 0.93 31.4 ± 0.85

ITH5F-2205 Resistant 33.7 ± 0.93 34. J ± 0.80 33.7 ± 1.28

IT90K<l91 Rcslstnnt 33.2 :I: 1.60 32.7 :/: 0.63 32.9 ± 0.44

LSD (0.05) (Ior vertical comparison) = 0.55

LSD (1'01' horizontal comparison) = 0.63
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Table 3.2. Emergence ofadultsof the local population ofC. maculatus from seeds

of selected varieties of cowpea initially infested with different number of larvae

per seed.

Cowpea vnrlety l{cslstllll<.!c Pcrccntugc of ndull/! cmcrglng frolll seeds Inltlllily hcnrlllg:

status

OIlC larva Pivc larvae Ten larvae

lie Drown Susceptible 93.0 ± 2.01 92.4 ± 1.88 90.8 ± 4.44

IT84S-2246-4 Resistant 71.7 ± 4.64 44.0 ± 2.89 41.3 ± 6.69

1'1'85p·2205 Resistant 68.3 ± 0.88 59.5 ± 5.48 32.7 ± 11.26

IT90K·391 Reslsuuu 70.0 ± 11.54 61.3 ± 10.11 28.0 ± s.os

LSD (0.05) (for vertical comparison) = 2.06

LSD (0.05) (for horizontal comparison) = 2.38
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Table 3.3 Summary of ANOV A for the parameters taken during the experiment

on effect of larval density on expression or seed resistance in cowpea to C.

IIIll CIIIu tus

Source of variation tit MClin Squares

Development time % adult emergence

Larval density (A) 2 0.95 NS 2270.68 .••

Cowpea variety (13) 3 256.75 .•• 3498.86 .••

AX13 6 0.50 NS 364.86 .••

Errol' 24 0.42 6.00

NS == Not significant.

.•.= Significant at P = 0.05
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3.4 DISCUSSION

Redden ami Mct.luirc (19Xl) determined that the llIost discriminatlng vnriablc for

mcnsuremcnt of seed resistance in cowpea toC, nuiculatus was IIIC:1I1emergence day,

followed hy percentage of adult emergencelip to all optinuuu time. Irrespective of

level of larval iulcsrutinn, hoth parameters distinguished the rcsistaut cowpens fWIII

the susceptible check, This study has therefore further confirmed the lower

susceptibility of these known resistant varieties to this Nigerian population of C.

1II(1(,II/ClIII,\', These varieties have also been found to low susceptibilities to C.

Maculatus populations from Burkina Faso and Campinans (Brazil) (Ofuya and

Cred luud, 1995a),

Of practical signifil.:lll1ce is the observation that increase ill level of larval

infestation resulted illII decrease in the numhcr of beetles that survived in the resistant

cowpens. This can enhance the value of the resistant varieties as much lesser damage

will he inflicted on the cowpcas tinder severe infestation and if storage is for a long

period, Crcdland et al. (1986), Crcdland and Dick (1987) and Mitchell, (990) have

indicated that larval density in C,11/(1('11/(1/11,\' affects food availability, larval mortality.

dcvcloprucurnl time, adult size and egg production, Seed size can similarly modulate

larval survival (Mitchell, 1990; Oluyn. 1(97), However, for each variety, seeds of

similar size (visually assessed) were used, Larvalcorupctitiou within the seed may

have partly contributed to the decrease in progeny survival with increasing larval

density, The significnnt interaction between cowpea variety and level of larval

infesuuion indicates that larval competition modulated progeny survival differently ill

the varieties, For instance, due to increase in larval density from one to ten per seed,

there was a 42% reduction in adult emergence in the resistant1T90k·-19 I compared

25



to 3% ill the susceptible lfc Brown. A vast array ofuruimctaholitc/dosagc level effects

may he implicated in the expression or seed resistance in cowpea to bruchids

(Gutchouse et al., 191)0; Xavlcr-Pilho, 1991; Macedo et al., 1993; Oiginugbc and

Ouighindc, 1996). It may he postulated that larval competition in the resistant

varieties interacted beneficially with thenutritional difficulty or antihiotic effects to

produce higher larval mortality at the higher levels of larval infestation.

It has been demonstrated that individuals of two different populations of C.

maculatus reared at one egg per seed on seeds ofTVu 2027 for three generations

showed a decrease indevelopment time and1111 increase ill survival from one

generation to the next (Dick uud Crcdlaud, 19H()h). The higher mortality with

increase ill larval density observed for the three resistant cowpea varieties used in

this study suggests thatfewer tolerant C. nuiculatus individuals may evolve with their

cultivation and storage.

It is too laborious to conduct screening over more than one generation orbruchids,

especially with a large gcnuplasm collection. The experimental protocol should

nevertheless reveal the probable response of a resistant variety tinder severe

infestation. Redden and McGuire(19R3) suggested that thenumber or eggs pCI' seed

should not he excessively large,below 10-12. and preferably u.iifonn over seeds. The

stringent experimental protocol (one egg pCI' seed) which has been adopted by some

workers (Messina and Renwick, 19R5; Dick and Credland, 19R(jh; Ofuya and

Crcdland, 19~5a, 1995h)is meant to eliminate the effect of competition on larval

pcrfurmaucc alltl survival. However. this xtringcm protocol riay suggest very little

nbout thc durability or seed resistance except with very large replication orrcpctitiou

over many generations. Booker (I()()7) indicated that ill C. 1I/(/(,I1/(/III.\'. within seed



competition appears to he absent for up to six eggs per seed. However, the effect of

larval competition 011 larval mortality has hccn showII here, to depend Oil the

susccptihility 01' cowpea seeds to attack hy the hectic. Oil the whole, the observations

here support those of Reddell and McGuire, (I<JH3) and emphasize that moderate

levels or inlestatioll (5-10 larvae pCI' seed) should he included ill screening protocols

for studying seed rcsistnucc to N,tnaculutus because it will sUII reveal the general

trend in the relative susceptibilities of the cowpens, and presumably, the durability 01'

the most promising varieties under severe attack.
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CHAPTER Il'OUR

4.UEVALUATION OF SEEDSOF SELECTED VAIUETIES OF COWPEA,

VIGNA UNGUICUIA.TA (L.) WALP. FOI{ SUSCEPTIBILITY TO

CAJ.I.OSOIJllUCIIlJS MACUlA 1'US (FABlUCllJS) (COLEOPTEltA:

HRUCIIIDAE).

4.1 INTRODUCTION

The cowpea seedbeetle, Callosobruchus tuaculatus(P.) is the major storage pest

of cowpens, ViMII(I unguiculata (L.) Wnlpcrs in the tropics (Sillgh et al .• 1990).

Orten, liner six months in storage 100% inlcstation may he recorded (Singh,1977;

Seck, 19()3). Damaged seeds arcriddled with adult emergence holes and defaced with

egg covers which leads to reduced weightami pOO/' quality product. Beetle damage

also causes significant reduction in seedviability. The development aud use of

resistant cowpea varieties have been extensively studied because it oilers a simple,

cheap and attractive approach to reduction ofC. maculatus damage in stored cowpea.

or about 15.000 accessions or cowpea in thegcrmplasm collection (It the International

Institute or Tropical Agriculture (IITA), Ibadan, Nigeria, a few, specifically TVu

fi25, TV\! 2027, TVII 4200, TVII 11952 and TV\! 11953 have been identified as

hnving npprcclnhlc level or seed resistance to C. II/(/('II/a/II,\' dlllllage (Sillgh. 1<>77;

Adjndi ('/ al., 19H5; Jackai aIII I Singh, 19XX), From these resistant progcuitors,

especially TVu 2027 many other C./I/(ICU/O/IIS resistant cowpens have been developed

at IITA (Singh, 1987; Singh and Singh, 1992). Many workers (Messina and Renwick,
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19H5; Dick and Crcdllllld,19H6n; Oluyn, 1987; Kitchet ul., 1991; Mbata, 1993;

Oluya and Crcdlnnd, 19(511) have largely confirmed the lower susccptlhility of these

resistant Il'I'A varieties to theseedhectic. SOJllC improved cowpea varieties combine

bruchid resistance with resistance to one or two other major insect pests and many

cowpea diseases, and have been recommended for release in Nigeria and other

countries (Singh and Singh, 1(92). This recommendation notwithstanding, many

fanners do not grow these improved cowpens, for reasons which arc not clear (Jackai

uud Adalia, 19(7). Most of these improved varities arc hardly found in many

Nigerian markets. This study compared the susceptibility of seven cowpea varieties

commonly sold in local markets in Akurc, in southern Nigeria with three improved

known bruchid-rcsistunt cowpens and a well known susceptible variety, for

susccptihllity to n local population (?! C. maculatus, The ability of the hectic to

survive in the known resistant varieties over five successive generations was also

exam ilied.

4.2. MATERIALS AND MWI'1l0DS

4.2.1 Beetlepopulutlon

C. tnaculutus originating from individuals infesting cowpea ina local market in

Akurc were used. They were used toinfest Ire Brown cowpea in Kilner jars and the

cultures were maintained and the study conducted at 30± ] 0 C and 50 ± 10%

rclntive humidity in II cooled incubator.
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4.2.2. Cowpea varieties

The varieties used were three known hruchid-rcsistunt cowpens initiully developed

lit II'I'A: ITH4S-224C1-4. ITH5F-2205. and IT<)OK-39I , a well-known susceptible

variety, Ire Brown, as wcllns: seven varieties conuuonly sold in local markets in

Akurc, Nigeria: Sokoto, Oloku, Oloyin, 0100, White Drum, Red Drum and TVx

323(). The seeds of the known resistant ami the well known susceptible cowpens were

obtained directly from IITA, lbadan, Nigeria. Other seeds were purchased from local

markets in Akurc, All seeds were first stored in a deep-freezer for seven days prior

to use and were thereafter conditioned in the cooled incubator for at Icast 7 days

before use in the experiment to standardize their moisture content. Some physical

uuributcs of the various cowpens are indicatedill Tahlc 4.1.

4.2.3. SI/.\'(.'£,/11 lbi Ii Iy ojthe differen: cowpens

For each cowpea variety, 100 conditioned seeds were placed inside a glass Petri

plate (9.0 em in diameter) into which was introduced several freshly emerged males

and females of C.maculatus for 8 hr so that females would oviposit on the seeds.

The time of oviposition was recorded. Excess eggs were removed from seeds to leave

one egg per seed. Subsequently, each seed was placed in a separate test tube and

dosed with cotton wool such that emerging adults could not escape to the outside.

Fourteen days alter oviposition (alter egg hatch hut before adultemergence), seeds

bcnring eggs that railed to h.uch were discarded. For each variety, 20 seeds with

hatched eggs were retained and this was replicated three times .. Asfrom 20 days

alter oviposition, the seeds were examined at least twice daily and adults were

removed as they emerged over a 70 day
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'I'uhle 4.1. Some chnrnctcrtstics or the selected varietiesof cowpea.

Cowpea Mean seed weight (g) Colour of testa Texture of testa"

IT84S-2246-4 Deep brown1.67

IT85rL2205 1.50 Brown

IT90K-39I 2.11 Golden brown

Sokoto 1.68 White 2

While Drum 2.86 While

Red Drum 2.65 Brown

0100 1.36 Light hrown

Oloyiu 1.98 Deep brown

Oloka 1.98 White with black specks 2

Tvx 3236 l.80 Mollled cream

I fc Brown 1.68 Brown

If< 1 :::: mildly rough; 2 :::: rough.
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period (i.e. until 90 days nucr oviposition). The time of emergence of each adult was

rccoulcd. J)CVeloPIIIClltperiod (time of cgg laying to adult emergence from seed) and

percentage adult emergence (number of emerged adults x I()()/numher of hatched eggs

were calculated for each cowpea variety. Data Oil developmental period (days) and

percentage adult emergence were subjected to analyses of variance. Percentage adult

emergence was arcsine transformed before analysis.

4.2.4. Ability of beetle to overcome seed resistance over many generations

A selection experiment was carried out using two known resistant cowpens, 1'1'8511-

2205 and 1'I'90J(-391. Fresh seeds of each of these cowpens were separately infested

in glass Petri plates (9.0 em diameter) with C.maculatus obtained from the laboratory

culture. The first three ovipositing couples of the beetle to emergefrom the infested

seeds were transferred to separate Petri plates containing 100 clean seeds of the host

Oil which they had been reared. The beetles were removed from the seeds after 24 hr

IIlId eggs laid were allowed time for hatching. Subsequently. forty seeds, each bearing

\-3 hatched eggs were selected ami placed separately in glass tubes (\.5 em diameter:

15 em long) which were kept ill the cooled incubator. As from 20 days after

uvipositiou, the seeds were examined at least twice daily and adults were removed as

they emerged over II 70 day period (i.e. until <)0days after oviposition). The date of

emergence of each adult was recorded. Adult emergence was calculated from the

pooled data of cumulative total adults emerged from each tube and developmental

period was cnlculutcd likewise. This procedure was repealed for five consecutive

gcucnuions where the first three ovipositing couplesor the beetle to emerge were

used liS parents for the next gcncnuion. Developmental periods of adults emerging ill

the <IiITl'rc IIIgenerations were compared usillg analysis ofvariance. Number of adllits

elllerging Irom the different generations were compared usillg(~11isqn.uc analysis.
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4.3. IU~SULTS

4.3.1, SlIs('l'pIIlJlllly o] the dU/lJrl'lIl ('(}\V/H'(/.\'

'l'hc results are suuuuarizcd ill Table 4,2, Therucnn dcvclopmcutal period of C.

/lItH'II/aIIlS in the three known rcsistuut cowpea varieties ITR4S-224()-4, ITX5P-2205

and 1T90K-391 was 29.90,30,10 and 29,00 days, respectively, and was significantly

(P < 0,05) longer than in the well known variety (He Brown) as well as all the

commonly sold varieties, Amongst the varieties sold in local markets, Tvx 3236,

White drum and0100 had developmental periods of 25,54, 24,92 and 24,54 days,

respectively recorded for them and were significantly longer than the development

period 01' the hectic Oil llc Brown, The other locally sold varieties,Oloyiu, Sokoto,

Oloka and Red Drum allowed II development time slmilnr to that on Ire Brown.

Percentage adult emergence followed a similar trend as developmental period,

Percentage adult emergenceor C. maculatus in two or the known resistant cowpens,

IT90K-391 and IT85F-2205 was 24,00% and 38.67%. respectively and was

significantly (I> < 0,05) lower than that recorded for all other varieties, The other

known resistant varlcty, JT84S-2246-4 showed a percentage adult emergence of

52,()O% which was also significantly lower than that observed in Ire Brown, It was

not siguiflcnmly different from that observed in four or the locally sold
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'I'nhle 4.2. MCIIIl dcvclopuicntnl period (days)nnd percentage adult emergence of C.

nuicukuus reared Oil seeds oj'different varieties or cowpea.

('owpea variety Mea 1\ development aI period Meall % adllit cmerucuce

(days) ± S. E. ± S.E.

I'I'84S~2246-4 29.9 ± 0.95 52.0 ± 11.59

1T85F-2205 30.1 ± 0.83 38.7 ± 5.78

1T90K-391 29.0 ± 1.01 24.0 ± 4.51

Sokoto 23.0 ± 0.80 76.3 ± 8.17

Oloka 22.5 ± 0.79 51.7 ± X.OR

Oloyin 23.1 :1: O,HO 71.7 ± 7.42

0100 24.5 ± 0.83 53.0 ± 6.66

White Drum 24.9 ± 0.83 50.0 ± 6.81

Red Drum 22.7 ± 0.80 69.7 ± 2.73

Tvx 3236 25.5 ± 0.84 47.0 ± 10.54

llc Brown 22.5 ± 0,79 83.7 :1: 5.41

LSD (0,05) 12.3<)



Tnhlc 4.3 Summary or ANOYA 1'01' the parameters taken during the experiment
on susccptihilitics ordifferent cowpens to C. macula/us

Source or variation df Mean Squares

Development time % adult emergence

Cowpea variety 306.0291 >to 679.0()61 >to10

Errol' 22 13.15556 199.5455

Total 32

II< == Significant at P == 0.05
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varieties. namely. TYx 323(). White Drum, Oloka and 0100. All the locally sold

vnrictles allowed sigllifiL:lIlllly lower adult cmcrgeucc than llc Hrown except Red

Drum.

4.3.2 Ability (~lbcctto 10 ()I'{'!"{'()II/{' seed resistance overII/(/IIY ~('II{'m/iolls

The results arc sununarizcd ill Table 4.4 and 4.6 There were no significant (P >

0.05) differences ill development period orC. maculatus in the two resistant cowpens

tested (1'1'851'·2205 and IT90K-391) between rive successive generationsof the beetle

(Table 4.5). The percentage of hatched beetle eggs which produced adults varied

significantly between generations in each cowpea (Table4.(). For ITR5F-2205 X2 =

71.30: dl' = 4. P < 0.(5) II III I for IT90K-391 Xl = IIH.54. df' == 4. P < O.OS).

l'crccntuge adult emergence incrcuscd with success] ve gcucrntions of the hectic Oil the

cowpens.
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Table 4.4. Mean dcvclomcntal period (days)or C. maculatus in two resistant cowpea

varieties (ITR5F-2205 and IT90J(-39I ) oyerfive successive gcncnuions.

Mean developmental period (days) :l.: S. E.

Beetle gc nc rat ion ---rnBP-2205 lrp)DK-39J

1st 32.5 ± 2.75 32.0 ± 1.72

2nd 27.5 ± 1.50 28.2 ± l.3 J

3n.l 28.0 ± 2.56 34.0 ± 2.55

4th 28.8 ± 0.88 28.0 ± 1.90

51h 28.2 ± 0.79 28.5 :/: 0.62

AN{)V A indicated that P > 0.05.
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Table 4.5. Summary or ANOYA Ior development time taken during the experiment

on ability of C. maculuttts to overcome seed resistance ill two resistant cowpens

(lTH5 (i-2205 ami IT90K <W I) over Ii vc consccut ive general ions

Source or variation df MClin squares dI' Menu squares

lTH5F-22U5 1T90K-391

14,57578 NS 4 31.69R18 NS

9.701233 33 20,(i3H05

37

GCIlCl'lltlon

Error

4

40

44Total

NS == Not Significant at P== 0.05
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'I'nhle 4.6. Percentageor hatched C. maculatuseggs which produced adults from two

rcslstuut cowpea vnrlctlcs (IT85P-2205 and IT90K-391) over five successive

gCIlCJ'II! ions.

Mean percentage adult emergence :

Beetle gcucration IT851~-2205 IT90K-391

1st [3.0 (31) 20.0 (30)

2nd 19.0 (21) 24.0 (33)

3rtl 52.0 (42) 39.0 (28)

4th 42.0 (42) 44.0 (25)

5th 5H.0 (24) 57.0 (21)

71.30; J> < 0.05 118.54; P < 0.05

Pigures in parenthesis arc sample sizes.
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4.4, DISCUSSION

This study has clearly shown that the locally sold vnri ,til:s or cowpea w.re IIiOIl:

susceptible to dalllage hy C'.1II(/('lIlaIIlS than the known rcsistunl cowpensrecast The

rcxistuu! varieties pruluugcd the development oj' the beetle nnd feweradulrs eille..,'.ed

lrom them, Prolonged development would increase generation lillie ill these resistant

cowpens and low percentage adult emergence would reduce the number or offspring

cuntrihutiug to population growth lrom generation to generation. These effects would

culminate ill lower dumngc to seeds 01" these rcsistan: cowpens over IOllg periodor

sturugc. This work has therefore further confirmed the resistance status ofITX4S-

224(,-4, ITK5F-2205 nud I'J'l)()K<W I to hruchid attack as has hccu reportedhy some

earlier workers (Kitch ct al, 1991; Mhata. 1993; Oluyn and Crcdland, 1995a;

1995h), TYx 3236 ranked next to the three known rcsistunt varieties ill resistance

stallls to C, 1II([{'IiI(f/IIS damage, It is interesting that. the variety is amongst the seven

varieties obtainable ill local markets because it was also developed in IITA and is

specifically resistant to the fl;')'«,el" bud thrips,Mcgalurothrips sjostedti (Tryhom.)

which is a major field insect pest.or cowpea (Jackal andSingh. 19RX). Lale and

I<:f'covhokhall (1991) have similarly observed promising levelsor resistance toC.

II/(/(,/(/(//II,\' in TYx :'13(, seeds, Il is probable that the Agriculuuul I kvc10plllellt

Project ill Nigeria which is funded by the World Bank popularized the cultivation of

this cowpea after its rccouuncncl.uiou for release to farmers. II is hoped thaI hruchid

resistant varieties like1T84S-2246-4, ITH5F-2205 and 1T90K-)91 may SOOIl he(;()IIH':

available ill markets with bcucr and more vigorous extension methods.
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Fac tors influencing the susceptibility and resistance of cow peas to C.maculatus

have been reported by several authors. Messina and Renwick(1985) ill their report

of correlation between seed-coat texture aud oviposition hy the beetle stared th.u

snloolh seed-coat is preferred 10 rouuh. Seed-coat thickness ~llId/or hardness also

ul'lccts Ihe nhility of the newly hatched larva to penetrate the seed (Nwanzcrt 01.•

1975). Baker et 01. (1989) suggested that seed-coat thickness, seed density. moisture

content, protein, fat, ash, carbohydrutc and proteinase activity were notassociated

with the activity of C. maculatus 011 cowpea. While Gatchousc et al. (1979) reported

that a high level of trypsin inhibitor in the cowpea variety TVu2027 accounted for

its resistance toC. maculauts, the outcome of the screening 56 varieties by Birch et

al, (1985) did not demonstrate any association between the level of trypsin inhihitnr

nnd seed rcslstunce. Xuvicr-Pllho (llJ91), and Macedo et 01. (199J) have reported thaI

resistance in the seeds of1'1'811>- 1045 10 C. nutculatus larval dcvcloprucnt is due 10

a variant 1'01'111of vicilin storage protein which is resistant to digestion hymidgut

protcinascs and thereby limits food supply to the larva. Contrary to the findings by

Baker ill al . (1989), Oigiangbe andOnigbiudc (1996) have 1II000erecently reported that

tnunlc adds in rcsistnnt cowpea seedssiguificantly reduced PI progeny and

consequently the percentage adultemergence. This study did 1I0tattempt to investigate

the basis for resistance in thecowpens tested. However. the inconsistency inthe

reports or previous workers calls for further studies ofthe interactions or combined

crfects of different chcmical nud physical cluuuctcristics ill the developmentor insect

resistance in cowpea.

Dick a lit I Crcdland (I986h) found that individuals of two different populatious or

c. II/lI('[iI({/{{s cultured Oil seeds of TYu 2()27 for three generations showed a decrease
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in development time and a significant increase in percentage survival from one

generation to the next .. It was similarly observed in this study that percentage adllit

emergence increased signif'icantly with successive generations or the hectic raised on

seeds of J'l'H5F-2205 and 1'J'<)()K-3<)I. Apparently, ITH5p· 2205 and I'J'<)()J( 3() I arc

descendants or TVu 2027. These studies, together with the paucityor sccd resistance

genes (Kitch el al., 19(1), raise COIICCI'II over the durnhility of resistance expressed

hy TVu 2()27 nnd its descendants. llruchid resistance expressed inTVII )-,)27 and its

descendants may be ineffective for long term storage. In addition, many C.II/{U:Il/(//IIS

strains interbreed and produce fertile eggs (Crcdlaud, 1(90) and thefree movement

or legume seeds in JUrica (Taylor, 1(81) presupposeshyhridizntions between C.

maculutus populations. The selection pressure imposed hy use of' TVu 2027 and its

dcsccudnnrs IIIHy prcsumuhly lead to evolution or beetle populations capable or

surviving in large muubcrs nnd spn;llding their tolerant capacirics Ihrouuh

hybridiznriou to other adjoining populations.

Messina and Renwick (1985) have however observed that individuals orc.

maculatus cultured on seeds of some descendants of Tvu 2027 for six generations

showed no significant decrease in development time and1101" increase in perccntauc

survival between the different generations. Shadeet al. (I 99(» did not observe any

development or resistant biotype or C.tnaculatus alter H gcueratious on TVu 2027.

1kwlopnlL'lIt:1l time of the h .ctle ill ITH5p·22()5 aml IJ"I)()K 11) I was al<;o siruilur

between generations ill this study.Variation ill the responses of different popillatiolls

or C. 1II1IC/tllI/U.\' to seed resistance ill cowpea (Dick and Crcdluud, JI)H6a; Ofuyanrul

Crcdlnud, 1995a) may cause some populations to develop ohsc: vahlc tolerance within

a few generations or selection than others.
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Dick find Crcdland (1986h) assumed that the greater number of beetles surviving

In the seeds 01' TVu 2027 nftcr three generations may be due to theirability to

overcome the adverse effects of the supposedly trypsin inhibitor responsible for

expression of resistance. Macedoet al. (1993) suggested that the capacity of C.

macukuus to overcome seed resistance may be associated with individuals possessing

higher levels of midgut aspartic and cysteine proteinascs. These require empirical

verification. It emphasizes the necessity of plant breeders to maintain a broad base of

resistant properties. Polygenic resistance is very difficult to overcome by pest

populations (Plmcntcl et al., (984) and cowpea varieties with multiple component

resistance CIlII he expected to have much longer useful life than those based on a

single resistant character. Pod resistance is an alternative source for reducing seed

damage hy C.maculatus in cowpea and some less susceptible cowpeas have been

identified (Akingbohuugbc, 1976; Fhzncret 01. 1985; Kitch et al., 1991; Ofuya and

Awclcwa, (993). The combination of pod resistance with seed resistance in the same

cowpea variety will form a broader and better basis for longer storage of cowpcas,

and needs to be more vigorously pursued

43



CIIAPTER !l'JVE

5.0. CONCLUSIONS AND IU~COMMENI)ATIONS

5.1. CONCLUSIONS

1. Three descendantsofTvu 2027 (lT85F-2205,lT90K-391 and 1T84S-2246-4) show

low susceptibility to C. maculatus attack.

2. Increase in level or larval inlcsstatlon resulted in a decrease in the number or

beetles surviving in the resist:lIl! cowpens. This would enhance the value or the

resistant varieties as much lesser damage will he inflictedOil the cowpea under severe

infestation

3. The locally sold varieties or cowpea were more susceptible to damage hyC.

11/(1('((/(1/11.\' than the known resistant cowpens (IT84S-2246-4, 1T85F-2205 and 1'I'90K-

391) tested. However, some or them TVx 3236, White Drum and Oloo exhibited

moderate susceptibility to C.maculatus.

4. The resistance or seeds or ITH5F-2205 and JT90K-39I toC. macukuusmay he

incflcct ivc lor long term storage because an incrcasi IIg uumbcr or adults emerged

[rom them over Iivc consecutive generations,

41



~,2, IUt:COMMlt:NUA'I'IONS

I. Modcnuc levels or lnrvnl 11I1'cIHllliOIl (5-10 In rvue pel' Nced) Hhollid he Im:lllclcd III

screening pl'Illocolll 1'01'Hilillyillg Heed rcxlstuuce III C. 1//(/('11/(/111,\' hCCUIIHCil mny ievcnl

the gcncrul trend ill the rclntivc susccptlhllhlc» or the cowpens, nud the duruhlllty or

the 1Il0si prolllisillg vnrlctlcs under severe IIlIlICk,

2. HllmlH should he nuule 10 popllinril'.e the Improved luuchld rcsisl"'ll COWpCII,~

1I1111l11gsiCOWpCII I'll 1'1IICI'S,

~. II' IIIl! IINSlllllplioll is Ihlll the increase ill the 11I111Ih<.:1'01' t ', II/(/(:"ltlll(,\' Sill vlvlug III

the sCl'd III'1CI' rive gellcl'lliiolls iloldue III thclr uhllity 10 overcome the 11111111"111CllCl'ls

ill seed, then IIilol lIeCCSNlIl'Y 1'\lI' pllllli breeders I~' mulutuln 1\ hrund hnse or rcslsunn

propcrtic». Pod rcslstnucc, IIml seed coal reslstuncc could he IINcd 10 C()lIIpICIIICIII

hlochcmlcnl seed rcslstnncc 1'01'illcrclI~cd sturugo durnblllty.
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