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ARSTRACT

Three experiments were used (o assess the relative susceptibilities ol thiee
known resistnd, one known susceptible and seven other varieties of cowpea available
an.':rliy i Akure (Nigeria) markets muder nbdratory cornlithons (3 - 1707 aml 50
LV ey, Do the First experiment, a koown susceplible and three resistinl vioictics
ol cowpen were subjected 1o three different levels of initial val inlestation fone,
live amed ten farvae per sevd ), A beetle colony derived Trom infested cowpea seeds
i docal market in Akure was cinployed . T the secomd experiment, the susceptibility
ol seven varieties of cowpea commuonly sold in local markets, to sced damage by €
ercnlatns were compared with that of three known resistant varietics and a well
kiowin suscepible variety, The development and survival of C piacnlatins in two of
e krwswn resistanl varietics over live soceessive geneintions ol the beethe was funler
writoredd o e thivd experiment. Speed of beetle developient amd lrval survival
o mdult eonergence i the cowpens, were vsed b measure pecdformance of the heetle
in the cowpueas,

Results of the fiest experiment showed  that i the  resistant cowpeas,
development time was pot alTected by level of larval infestation.  Percentage adult
emergence decreased significantly (I' < (L05) with increase in level ol Lwval
infesetion in the resistanl cowpeas.

T the secomd experiment, beetle development was geocrally slower and Tewe
ielividunls survived o wdaltheasd B the kpown resistnnt cowpen compaied o
otlwers. Developanent e was sigmificantly Jonger pml pereentape slnlt cmerpence wis

sigmilicnntly lower i theee of ihe locally sobd vanictios, Ty 3236, White Do ol



Oloo than in the well known susceptible variety.,

In the third experiment, there were no significant dilferences in the
development time of C. maculatus in the reslstant cowpeas (FTBSF-2205 amd F'TY0K-
Jul) between live successive generations, ‘The percentage ol hatched beetle eggs
which produced adulis in the cowpea increased significantly from one generation to
the next.

The significance of the observations in the experiments is discussed,
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CHAPTER ONE

L0 GENERAL INTRODUCTION

Cowpen, Vigna wigriculata (1) Walp, is an mporiant food ad tode jlem in
tropical countries, especinlly in West Afvien where it s o chieap principal source o
protein (Oyenuga, 1968), As Tood, it is eaten in the form ol dry seeds, green pods,
green seeds and tender green leaves. It is also utilized Tor fodder and as n guick
growing cover crop under a wide range of conditions on secount of its ability 1o lix
almospheric nitrogen elliciently; up to 240 kg N/ba (Rachie and Roberls, 1974),
However, insects are a major limiting factor o cowpea production and utilization in
Advica (Singh and Jackai, 1985),

The wmjor  dnseet pesis of cowpen in storage  are brochids,  especinlly
Cetlloselrnichns merendaus (1), 'The ntiack starts from the field when the pods are
nearly mmture,  Eggs are loid on the pods but weevils prefer 1o slip inside the pods
through holes made by the odher pests and oy eggs dircetly on the seeds. Aller
lavevesting, bruchids multiply amd do considerable damage 1o stored cowpea, C
migelatis is capable of causing hundred percent infestation within 3-6 months storage
period in West Alrica (Singh, 1977, Caswell and Akibu, 1980; Scck, 1993). The
dinmaged seeds are ddled with adull emergence holes, defneed with egg covers and
live reduced weight wd poor germinmting capacity. Loss in dry weight due o the
cowpen bruchid can be as much o8 thiny percent in six months ol storge (IFTA,
1UR2). Heavy ninek couses severe powdering (Koo et al., 1977 mmd the produci
15 unfit for buman consumption. The damage done by this bruchid s so substantial

that many farmers in Africa, Asia and South America are compelled 1o dispose off



their crop soon alter harvest which not only reduces an hinportant protein source [or
their Tmilies, but forces them to sell at lower prices (IITA, 1979; 1980, 1982).

LlTorts have been made o Tind elfective control measures for storage hruchids,
One of these is the use of host plant resistance.  The development and use of resistant
cowpen varietics have been extensively studied because it offers a simple, cheap and
attrmetive approach w reduction of ©. macilatus damage in stored cowpea, OF about
15,000 necessions of cowpen in the germplasm collection at the International Institule
of Tropical Agriculwre (ITTA), Tbadan, Nigerin, a few, especially 'TVu 625,TVu
2027, TVa 4200, TVu 11952, ad TVu 11953 have been identificd as having
appreciable levels of seed resistance to C. maculaiuy damage (Singh, 1977, Adjadi
ef al., 1985; Jackai and Singh, 1988). From these resistant progenitors, especially
TVu 2027 many other C. maenlains resistant cowpeas linve been developed at IFTA
(Singh, 1987; Singh and Singh, 1992).  Some mproved cowpea varieties combine
bruchid resistance with resistance (o one or two olher major fnsects pests and many
cowpen discases, and have been recommended for release in Nigeria and other
countrics (Singh and Singh, 1992), This recommendation notwithstanding, many
farmers do not grow these improved cowpeas for reasons which are not clear (Jackai
wnd Adalla, 1997). Most of these improved varieties are hardly found in many
Nigerinn markets.

The level of resistance exhibited by the I'TA varictics has, however, not been
consistent mongst the dilTerent workers, 10 has been observed that € meenleciis
Fronn different geographical regions difTer in their ability to damage seeds of resistant

cowpen (Dick and Crediamd, 19860; Oayn and Credlamd, 1995y, Amother Bictor that



may cnuse discrepancy in observed level of seed resistance in cowpea by different
workers is the experimental protocol, including the level of seed infestation (Oluya
and Reichmuth, 1994), Whilst Messina and Renwick (1985) found that seed
resistance in some cowpea derived from TVu 2027 was not overcome by C.
macilatius over six generations, Dick and Credland (1986bh) observed that C.
maenlarus became more Wlermnl of sced resistant factors in 1'Vu 2027 over three
generalions.

The objectives of this projeet were therefore Lo
(i) determine the effect of level of initial larval infestation of C. macalatus on seed
resistance in three known resistant and a susceptible cowpea.
(il) commpare susceplibility of seven commuonly sold cowpea varieties with three known
resistant varieties and a well known susceptible one and,
(i determine the ability of €, macilatus (o overcome resistant [actors In two known

resistant cowpen over five successive generations,



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 THE BIONOMICS OF C. MACULATUS 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
ure capable of developing on dry grains and on developing grains (Huignard ef 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 (Preveit, 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 sceds [Singh e al. 1990]. hulividuals which invade feld crop
may come from infested stores in the vicinity (Taylor and Aghaje, 1974) or Trom wild
cowpen or other leguines | Booker, 1967], Stove Infestation is frequently derived Trom
harvesied feld infested pod or seeds (Booker, 1967; Caswell, 1976; Parr, 1994) but
may alse come from hidden infestation in the store, Trrespective of source ol initial
infestation, the founders consist of relatively few individuals that can breed and
profiferate to pest proportions in a relatively short time (Preveit, 1961; Huignard e
al,, 1985). The growth, development and reproduction of C. macilatus in the
Inboratory have been studied by different workers (Caswell, 1961; Howe and Curie,
1964; Osuji, 1982; Gign nnd Smith, 1987). The optimum conditions for these
processes in this beetle are 30-35° C and 50-T0% or more relative humidity which
closely approximate to what obtaing during a major part of the cowpen storage period
in West Alvica. Under optimal conditions, . macifatus eppes hatch in 3-5 days amd

larval development takes 8-16 days. There is a 2-day prepupal and a 5-day pupal



stnge, Afier the pupal stage, adults emerge through exit [emergence| holes demarcated
during the last lnrval instor. Maoles nd lemales may mate shortly aller emergence,
wd presumably several tmes during adult life (Oluya, 1995), It bas been reporied
that Temales release o pheronmae thal attracts mmles, (Qf and Burkholder, 1982),
Oviposition starts soon alter mating wiwd majority of the epgs are lnid within three
days, Unmaded females do not normally lay eggs. The adult life span is from B-16
days but unmated individuals could live much longer,

The oviposition behaviour of maled females has been extensively studied and
females prefer lnrge (Mitchell, 1975), whole (Nwanze ef al., Y75), smooth |Messina
mwl Renwick, 1985a] sceds lor epg-laying., The behavioural repertoire amd
mechanisms during oviposition have also been examined (Oluyn amd Agele 1989, by,
Parr, 1994; Oluya wmwd Adenakan, 1997), Realized fecundity of Temales s varialie
and is influenced by kind of host infested (Ofuya, 1987, by Ofuya and Bamighaola,
1991), number of host available (Credland, 1986, Ofuya, [1987c), and the
reproductive experience of males (Oluya, 1995),

Adult population of C. macwlains is known o exhibit polymorphism (Taylor and
Aghaje, 1974), Two primary morphs; called the secomdary and active forms may he
produced in inlested stoves, Active morphs appear when Tood gquality is poor or when
the tempernture amd homidily rise during severe infestation {(Messina and Renwick,
19850), Active morphs [y readily and are smaller, amd have larger Il reserve, live
longer and Iny Fewer eggs later in life. They are unguestionably important in dispersal
of the species. It appears that C. macnlatis produces intermediate morphs which
exhibit variable tnkeoll ability (Pajmi, 1986) and sedentary forms which may be able

to My well o invade field crops Trom nearby stores (Thanthiaoga and Mitchell, 1990



Damage to cowpen seeds in storage by C. macwlatus, is widespread in Alrica and
constitules & major constraint o food avallability and utilization, In Nigeria alone the
estimated dry weight loss of cowpea due o bruchid infestation is about 30,000 tonnes
(which represents about 4% of the ol annual production) per annum with an
estimated value in excess of 30 million U.S. dollars (Caswell 1961; 1980; 1981;
Singh er al,, 1983), The infestation by this bruchid not only causes reduced seed
weight but also aflects the aesthetic ad nutritional values of the grain and decreased
seed germination potential (Booker, 1967; Caswell, 1981). Loss in seed germination
due to bruchid attock may reach 100% lor grains with four cmergence holes (Santos,

1971).

2.2 CONTROL OF C, MACULATUS IN COWIPEA

Over the years, various methods of controlling this bruchid with differing levels
of elfectiveness have been devised (Lale and Efeovbokhan, 1991).  The methods
include chemical eomtrol, modification of storage atmosphere, the use of plant-derived

insecticides nd the use of host plant resistance.

2.2.1 CHEMICAL CONTROL OF €, MACULATUS

Many insecticides have been demonstrated (o be effective against C macularus
either ns dusts or fumigants, Insecticidal dust of malathion, pirimiphos-methyl or
permethrin, have been reported (o be effective against C, macwlatus (i1, 1983;

Kranz et al., 1977; Singh ef al., 1978; Caswell and Akibu, 1980; Taylor and Fvans,

{]



1980; Onovlemhemhem and Oigiangbe, 1991, Ogunwolu and I[dowu, 1994), and
fenitrothion, carbaryl and deltamethrin (Rahman, 1990) can protect shelled cowpeas
stored in bags or airtight containers from bruchid damage for several months,
llowever, dusts of pirimiphos-methyl, tetrachlorvinphos and lindane have been
observed to be inelfective against bruchid infestation in unthreshed cowpea (Caswell,
1976). lumigation is especially useful for bruchid control in large-scale cowpen
stornge in air-tight lacilities such as silos, warchouses and other enclosures.
Aluminium phosphide which releases phosphine gas is commonly used (Caswell,
1976), Methy!l bromide (Yoneda et al,, 1990) and dichlorvos (Rahman, 1990) are also
ellective fumiganis against C. macwlufus,

The rule of insecticides 1o pest management systems of the future is now open o
yuestion especially in the developed economies, due o the decreasing tolermnee of
residues in foodstulTs (Longstall, 1994), 1t is therefore, essential that stored products
protection in the developing countries of West Africa is achieved through reliance on
a range of alternative non-chemical pest control measures o as Lo reduce dependence

on insecticides to a minimum,

2.2.2 MODIFICATION OF STORAGE ATMOSPHERE FOR C.MACULATUS
CONTROL
An alteration of mmospheric gas concentration Is an attractive method beeause

insect deterioration can be controlled without use of pesticide, DilTerent storge

devices which provide hermetic conditions have been reporied 1o be effective (Ripp,
1984, Shejhal, 19800, The consumers or houscholds can hermetically store cowpen

sceds in plastic bags with baft or cotton liners (Caswell, 1976). The atmosphere



achieved depends on the degree of gas tightness, the lemperature and moisture content
ol the grain and the Initinl abundance of pest and microflora (Evans, 1987). The
storage insccts eventually die from asphyxiation. In a hermetically sealed sieel drum
filled with cowpea seeds, the concentration of oxygen will drop to about 1% within
2 weeks because of normal infestation by C. maculatus which is deleterious 1o
bruchids (Caswell, 1976), Il ihe hermetic storage is elTiciently carried out, the
cowpen seeds will be preserved in a condition litle worse than it was when storage
began (Coswell, 1976). Insccticidal atmospheres can be produced artilicially in
storage for pest control (Banks, 1979; Banks and Annis, 1990), In 100% carbon
divxide or pure nitrogen atmosphere all stages of C. maculatus are killed in 5 days
at 32° C (Oluya and Reichmuth, 1992). Other carbon dioxide based atmospheres
contnining 30-88% CO, and nitrogen based atmospheres containing 1-4% O, have
been demonstrated as elfective against C. macufotuys (Ofuya and Reichmuth, 1993b;
1994; Reichmuth and Ofuya, 1993). The adoption of the controlled atmosphere
storage in developing countries will certainly be hampered by the cost of gas amd

sealing ol slorage struciures,



2,2.3 BOLOGICAL CONTROL OF C. MACULATUS

Muony natural enemies atlack brochids, bul before the populations build up o
ellective levels n storage, considerable domage has already been done 1o the cowpea
secds by the bruchids (Oluya, unpublished observation), In West Africa, C. maculafiis
15 mainly parasitized by Dinarmus basalis (Rondani) (Synonymous to D, laticepiix
(Ashimend), Eupelimus vailleti Crawf,, Chaetespila elegans Westwood and Uscana
lariophaga stelTan (Caswell, 1976; Owusu-Akyaw, 1987). Since some damage can
be tolermied by cowpea consumers in West Alviea, research on the use ol these
matural encmics for the control of bruchids may he valuable, Atempis have been
nude ot classical biological control [the introduction of exotic agents Tor long-tenmn
suppression snd regolation of pest populations] of brochids in some parts of the world
with varying degrees ol success (Steflan, 1981; Arbogast, 1984), Some work has also
been done on the bionomics ol indigenous pasitoids of O, maculatus in West Africa
(Levegue ef al., 1993; Alebeek, 1996), [However, the adoption of this methad by the
Ffarmer may be hindered by Goancial, technical and logistical problems, The method
also requires a more (horough amd detailed knowledge of the biology el ecology of

the dilfferent mlural encinies,

2.2.4 USE OF PLANT-DERIVED INSECTICIDES FOR €. MACULATUS
CONTROL

The use of plamt materials in the control of storage pests is an ancicnt measure
b sy parts of the world,  The mixing of the plaot pans (leal, bark, seeds) ol
vegelnble vils has been traditionally practised especinlly in Asia and Advica (Fujii o
al., 198D, There is an increase in the use of biocides from plats hecause inseericides

derived from plants like pyrethrom and rotenone luve been fowmd 1o be mon persistent



in the enviromment, of low mammalian wxicity, and relatively sale o other non-target
organising, Neem, Azacirachia indica (A, Juss )is one of e plants in the African
lnndsenpe that are being investignted s a source of pest control on food crop (Ol
et al., 1987, Saxena 1989; Schimutierer; 1985). Black pepper, Piper nigriem (hoth the
dricd amd brine-preserved  unripe Truit) protects peas and  bean seeds  agains
Callosobruchis (Mylkadoe ef al., 1979; Su and Hovert, 1981 ); on contact it is highly
woxic to adults wiwd newly hatched larvae belore they pencirate seeds. Similarly, Oluya
( 1986) reported that dry chili pepper Truits, Capsicum anmem and onion scale leaves,
Alliwm cepa alforded some degree of protection against O, macnlaius domage in
stored cowpen,  Lale [1992] hos more recently demonstrated repellency of dry chilli
pepper Truits to adulis of 0 maenlaing. Citrus peels bave also been shown o
signilicantly redoce vinbility of ©, srcalotus eppes | Rugapakse, TR0] Oluya | 1990]
alse reporied that powders of Nicewiana tabacem L, Erytfropdlenm suaveolens aml
Ocimmm grafissimum L. significantly reduced oviposition by the beetle,

Researchers have also been investigating the use of vegetable oils as surlice
protectants Tor cowpens and beans against bruchids, Sangappa (1977) reporied thil
e ol applicd s 0,75 w0 1.0 (percent by weight) protecied red gram seeds lor 161
days Tronn weevil infestation. Siogh er af., (1978) veported that mixing 5 1o 10l
grovndmi ol with one kilogramme of cowpea seeds achieved an elfective control of
weevil Tor six months, Messina and Renwick ( T983) reported that vegetabile oils ool
only kil the eggs but also deter oviposition.  The ofl film also ioterferes with
respiration of the insccts. The oils prevented the hatching of the eggs which Tikka
ef ol (19810 attributed 0 the  imterference of waler balnoce  resulting

undiflerentiated and shronken epgs,
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However, many of these oils contain unsaturated Tty acids and Tats that urn
rancid due o oxidation,  The result is o disagreeable odour s redoced protection
against the insects (Su, 1984). Also high levels are needed Tor effective pest contrel,
il ot present small farmers cannot always allTord o use oil on the bulk of their secds
for storage; there is the problem of cleaning the oil of! (he conimodity belore sale or

LIsC,

2.2.5 TIHE USE OF HOST PLANT RESISTANCE IN THE CONTROL OF
C. MACULATUS

Plant resistance, has been delined by Fenemore (1984) as the ability of a plant
species or varicty (o grow aml produce economically despite the presence of the pest,
The use of plant resistance offers a simple, cheap and atteactive approach (o reduction
of C. macwloms damage in stored cowpea (Kitch et al,, 1991), Bxiensive and
iilensive sereening work ling been done at ITTA W locate cowpen varieties et are
less susceplible o seed domnge by C. macndaties, OF about 15,000 accessions of
cowpen in the germplasm collection at the WA, Thadan, Nigeria, a lew, specilically
TVu 625, TV 2027, TVu 4200, TVu 11952 and TVu 11953 have been sdentified as
having appreciable level of seed resistance to . maculatus damage (Singh, 1977;
Adjadi et al., 1985; Jackai and Singh, 1988). Many researchers have worked on
inheritance of brochid resistance in cowpen and reported tat two recessive gencs are
reguired in the homozygous condition o confer resistance against . macnlatus
infesition (IFFA, T982; 1TA 1983; Redden and MeGuire, 1983, and Adjadi et ol
19RS),  These pgenes are digenically inherited (I0FA, 1983; Adjadi e af,, 1985).

Development of the bruchid on cowpen varicties (it have the resistance pene is very

11



poor aid the build-up of €. macwbarus population s therefore very slow (Singh, 1977;
1987; HTA, 1983), Secd resistance (o C, maculaties in these 1TA cowpea varictics
has been conlirmed by several other workers (Messina and Renwick, 1985; Oluya,
1987; Kiich eral., 1991; Mbata, 1993; Ofuya and Credland, 1995a). Cowpeas which
exhibit modernle resistance to €. maculaius have also been identilfied among the wild
andd weedy species (Ofuya, 1987c), Some Vigna genera are immune o O, maculatus
damnge (Oluya, 1987d).

Using the resistant parcint lines especially Tvu 2027, IITA has developed severl
improved brecding lines which combine bruchid resistance with other desirable
agronomie tralts, such as high yield, amd early maturity [Singh and Singh, 1992),

The level of resistaince exhibited by the IFTA varieties has however, not been
consistent amongst the different workers. 1L has been observed that © maculaiuy
from different geographical regions differ in their ability to damage seeds of resistant
cowpen (Dick and Crediand, 1986a; Oluya and Credland, 1995a). Another factor
that may have coaused discrepaney in observed level of secd resistance in cowpen by
difTerent workers is the experimental protocol, including the level of sced inlestation.
Level of larval infestation of seed has been shown (o inflluence the degree of control
exercised by controlled atmospheres (Ofuya and Reichmuth, 1994),

The mechanism of cowpea seed resistance o C. macwlatuy includes antibiosis
(Singh, 1977; 1987; IITA, 1983; Ofuyn, 1987a). The Mctors conlerring resistance o
cowpen varieties against bruchid infestation are morphological and biochemical in
nature and both are inherited.  The morphological Tctors especianlly aflect feeding,
oviposition and ingestion of the pest (Kumar, 1984) while the biochemical Tactors

nfluence w a large extent the metabolic processes of the pest (Kogan, 1977).

12



1,2.5.1 MORPHOLOGICAL FACTORS IN COWPEA AND RESISTANCE TO
C. MACULATUS

Physical characteristics of the cowpea pod and sced such as sced texture, size and
thickness of the pod wall, have been linked to resistance of cowpea varieties to C.
miacilatus (Akingbolungbe 1976; Nwanze and Horber, 1976; Fawnla and Badaru,
1983n, b; Messing and Renwick, 1985 Khattak e, af., 1987 Lale and Lfeovbokhan,
1991 Mbata, 1992),

It has been reported that ©. maculaie prefers o lay eggs on smooth-coated seeds
than on rough-coated sceds (Howe and Curie, 1964; Nwanze and Horber, 1976;
Messing and Renwick, 1985). Recent findings have shown that C macidaiis laid
signilicantly more eggs on rough-conted seeds than on smooth-coated seeds of other
varieties of cowpea (Lale and Efeovbokban, 1991; Taraki, 1996). This latter linding
lemds support w0 the possible involvement of chemical factors as part of the
oviposition cues of C macwlatns,  Credlond and Wright (1988) have also
demonsteated that extracts obtnined Trom e westne of different cowpen varicties either
stimulated or deterred oviposition of C. macwlatus without regard (o whether the
lestne were rough or smooth,

Pod wall resistance is an alternative source for reducing seed damage by C.
macielains in cowpea and some less susceplible cowpeas have been identilied
{Akingholhungbe, 1976, Vitzner ef al., 1985; Kitch er al., 1991; Oluya and Awelewn,
1993), Cuthbert er af., (1974), demonstented that & pod factor inhibiting penetration
threugh the pod wall by the adult, and antibiosis are uimder genetic control and can
be transmitted 1w progeny.  Fery and Cuthbert (1979) investigated the pod Tacton

resistonee and caleulsted (he nartow and broad sense heritability estimmes of 45
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percenl mml 49 percent, respectively,  Clvmbiisy aod Ryl (1982) investigated he
penetie wmure of the pod Tnetor by mnlysing the pod-wall strength st dey pods in
parentnl Uy, Iy and backeross generntions of o resistant X susceptible cross, mdl
reparied the narrow and broad-sense heritability esthinates of 45 percent aml 47
percent, These resulls suggested that pod-wall strength 8 closely nssocinicd wiili pod
fuctor resistnnee,  Dick wod Credlmmd (1986h) suggested the use of these physical
chinrneteristies w complement the blochemienl reslstnice found In virletles derlved

[ronn “1'Va 2027,

2.2,8.2 CHEMICAL FACTORS IN COWPEA AND RESISTANCE 10
MACULATUS

Severnl chemdenl fnetors Tive been reporied o be responsible Tor € mroelain
resisiniee 1o cowpen (Glehouse of af,, 1979 Tale wnd Bleovbokhng, 1991),
Clitelwse e e, (1979) veported it o bigh tevel of teypstn lnbilslior (ot 2 Tokd)
Wrcrense) bV 2027 seeds comprred 1o e suseeptible varieties was wesponsibile fin
resistnnee (o C maendains,  They nlso slowed it teypsin inhibitor lsalated Toan
cowpen ad mixed In ground cotyledons of o susceptible cowpen vaindety Tva 57
redueed the survival of hruchid epps, Baker of of,, (T989) analyzed trypsin bbbt
metivity B ten 'TVo 2027 derbved brochid resistmn breedbng Hies bhoding TVa 2027
vk S susceptible Hoes, Comtony to clubns that elevited toypsin inlibior levels may
conelnle with © prerddatus vesistnnee (Cateliouse of ol 1979 Jaozen of af., 1976
Cimtetwmse o ol TURA) oypstin bbby actlvitles bt weeds il oor difies
sipniticnntly etween vesistant il ssceptible: Tioes wor was e level of Gypsin

hibitor correlited o Comaerdaties developmental tme or moialil ¥, The trypsin
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inhibitor activity ranged from 32.2 T.1.U/mg to 50.0 T.1.U/mg with mean of 43.2
T.LUSmg in resistant breeding lines compared 10 mnge of 32.8 ‘T.1.U/mg 0 44,5
T.LU/mg with a mean of 38.9 T.1.U/mg in susceptible lines. The difTerences were
non-stgnificant. 1t has also been observed that artificlal seeds made out of 'TVu 2027
or its derivitives are as susceptible o bruchids as susceptible lines (Murdock ef al,
1988). Piergiovannl ef el (1990b) also found that the bruchid-susceptible line 'T'Vu
3000 had the highest value of trypsin inhibitor unit per milligram of proteins (66.2
T.1.U/mg protein) and one of the bruchid-resistant lines, I'TE2D-716, had the lowest
(27.1 T.1.U/mg protein) of all the cowpea lines tested. These observations indicate
that trypsin inhibitor alone may not account Tor bruchid resistance In cowpea.

A teypsin inhibitor isolated from V, sogadendara (Gatelwouse ef al., 1979), amd o
phytobenmgglutingn solated Trom the dry bean Mioaseolus vidgards (Gaiehouse ef ol
1984) were detrimental 1o antificinl diets.  However, a correlation analysis of 56
Vigna and 18 Phaseolus specics [ailed to find any signilicant associations between
levels of either phytohemagglutining or trypsin inhibitors and seed resistance 1o C
mactlatus (Birch et al., 1985).

A previous study with cowpea examined levels of proteins which inhibit the
activity ol trypsin, chymotrypsing leucine, aminopeptidase mnd carboxy peptidase 1o
determing the relationship between such proteinase inhibitors and bruchid resistance
{(Gatchouse e al,, 1979), Recently, a cysicine proleinase with a mildly acidic pll
optinmum has been identified in the gut of O maculatus (Galehouse ef al., 1985,
Murdock ef al., 1987). Addition of a cysteine proteinase inhibitor to artificial cowpea
seeds prolonged  developmental time and  increased  mortality Tor O paedetis

(Murdock of af., 1988), Gatchouse ef al. (1985) partially purified cysteine proteinase
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inhibitors From cowpea seeds and showed that they were effective inhibitors of €
wierctelennes larval proteinase. 1 seenwd reasonable that the level of eysteine proteinase
inhibitory activity in secds might be related w O macwlatus resistance.  Oshorn ¢
et (19RE) have identilicd “preelin®, @ major seed protein o wild Phaseolus valgors
as the Metor responsible Tor resistanee o bean bouchid  Aafwetes solyfaseicting
(Boheman),  Stimilarcly, parmininopheny! alanine in severnl wild Wigna species was
showin 1o be loxic w Zabrotex sulfasetatus as well as wo Callosobrschus macilatis
(Birch er al., 1986). Ishimoto and Kitamura (1988) showed that a water soluble
substance present in kidiney beans strongly inhibits the larval growth of C. chinensis,

Findings of & recent study suggest that considerable differences exist between
bruchid-resistint  mwl  bruchid-susceptible cowpen lines i terms ol their total
unsatuented C™ Tatty acids mwd some [ty acid rmtios (Piergiovanni ef af., 19900k,
19900),  Lower contents of tial unsimturated C™ faty neids were typical of the
resistant than the susceptible lines, whereas the ratios of the critical Tally acid were
higher in the Former than in the latler cowpea lines (Mlergiovanni ef al,, 1990b). This
observation is in agreement with earlier findings of Boughdad e al., (1987} in which
they indicated that fatty acids may have significant adverse elTects on the development

o Larval bruchids.,

2,253  THE MERITS OF USING RESISTANT VARIETIES IN ()
MACULATUS CONTROL

The development of resistant varieties as o means of dealing with the problem of
Co mrenleatus attack of cowpen may therefore be important in many different ways.

First, it is an casy, economical and elTective way of controlling the bruchid on stored
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cowpea (Fenemore, 1984; Kumar, 1984; Lale and Efeovbokhan, 1991; Lale, 1996).
Secondly, It reguires little technological inputs, creates no environmental hazards and
is generally compatible with other methods of control (Pathak and Saxena, 1976).
Thirdly, resistant cowpea varicties are known to effect a cumulative reduction in
bruchid numbers when compared to susceptible varieties (Dick and Credland, 1984,
1986a, b), Fourthly, in an integrated bruchid control programme, it may improve the
elfectivencss of insecticides (Ilorbert, 1972, Fenemore, 1984). Fifthly, use of
resistant varieties gencrally requires little or no cost to farmers, thus farmers can
direct thelr resources (o olher desirable inputs (Kumar, 1984), Finally, it may be
cheaper (o develop resistant varieties than new pesticides,

These numercus advaniages support the continued interest by researchers in
vigorously pursulng investigations in the area of varietal conirol of crop pests and

effective dissemination of lindings.
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CHAPTER THREE

L0 EFFECTS OF COWIPEA SEED RESISTANCE AND LARVAL
COMPETITION ON THE DEVELOPMENT OF CALLOSCRRUCHUS

MACULATUS (F.) (COLEOPFTERA: BRUCIHHIDAE)

3.1 INTRODUCTION

The cowpea seed beelle, Callosobruchus macwlatus (F.} is a cosmopolitan slorage
pest ol cowpeas, Vigna unguiculata (L.) Walpers and related grain legumes (Jackai
mwd Daoust, 1986; Singh ef wl., 1990). Often, aller six months in storage 100%
infestation may be recorded (Singh, 1977; Seck, 1993). Damaged sceds are riddled
with adult emergence holes and defnced with egg covers which lends 1o reduced
weight and poor guality product, Beetle damage also causes significant reduction in
seed viability, The development and use of resistant cowpea varieties have been
extensively swudied because it offers a simple, cheap and altractive approach (o
reduction of C. macwlatus damage in stored cowpea. OF about 15,000 accessions of
cowpea in the germplasm collection at the Interntional Institute of ‘Tropical
Agriculiure (ITA), Ihadan, Nigeria, n few, specilically '1'Vu 625, TVu 2027, T'Vu
4200, TVu 11952 ad ‘TVu 11953 have been identified as having appreciable levels
of seed resistnnee o C micndeties damage (Singh, 1977; Adjadi e al., 1985; Jackai
and Singh, 1988), Froan these resistant progenitors, especially TVu 2027 many other
L. merenlatus resistant cowpeas have been developed at ICEA (Singh, 1987; Singh and
Singh, 1992), Many workers (Messing and Renwick, 1985 Dick and Crediamd,

19860, Oluya, 1987; Kitch ef al., 1991; Mbata, 1993; Ofuya and Credland, 1995:)
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have lnrgely confirmed the lower susceptibility of these resistant I'TA varieties (o the
sced beetle, The level of resistance exhibited by the IFEA varietics has, however, nil
been consistent amongst the different workers, It has been observed that C. maculatus
from dilferent geographical regions differ in their ability o 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 dilferent
workers is the experimental protocol, including the level of seed infestation (Ofuya

and Reiclumuth, 1994}, This was exmmined in this experiment.

3.2 MATERIALS AND METIODS
3.2.1  Beedle population

C. macnfaney originating Troon individuals infesting cowpea in a local market in
Akure were used. They were used to infest He Brown cowpea in Kilner jars and the
cultures were maintained and the study conduected at 30 + 17 C and 50 £+ 10%
relative humidity in a cooled incubalor,
322 Cowpea varielies

The varicties used were three known bruchid-resistant cowpeas initially developed
mt A, FTR48-2246-4, ITBSE-2205, and FT90K-391, and a well-known susceplible
variely, e Brown, winl the seeds were obtained diveetly Trom HTA, Ibadan, Nigeria.
All seeds were first stored in a deep-lreeze for seven days prior to use and were
therealter conditioned in the cooled incubator Tor at least 7 days before use in the

experiment (o standardize their moisiure content,
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A2 Experimental pretocol

For each cowpen viwiety, 100 conditioned seeds were placed inside a0 glass Peiri
plate (9.0 ¢ in dinmeter) into which was introduced several Freshly cmerped mnles
wiwd Feinales of 0 macnfaties Tor 24 he so that females would oviposilt on the seeds,
The time of oviposition was recorded, BExcess eggs were removed from sceds o leave
either one, flve or ten eggs per seed. Subsequently, each seed was placed in a
sepuirate test tube and closed with cotton wool such that emerging adults could not
escape o the outside, Fourteen days aller oviposition (alter egg hatch but belore adult
emergence), seeds bearing egpps Ut Tailed o hateh (such cgps remain translucent)
woere discarded, For ench level of seed infestation, 25 secds with hatched egps were
retnined, As Trom 20 days alter oviposition, the seeds were examined at least Iwice
daily and adults were removed as they emerged over a 7O day period (ie. until 90
days after oviposition). This procedure was replicated three times. The time of
emergence of each adult was recorded, Development pericd (time of egg laying (o
adule emergence Trom seed) and percentage adull emergence (number of emerged
mbulis & KV number of hatched eggps were caleulated Tor each cowpea varicty and
ench level of seed infestation. Data on developmental period (days) and percentage
adult emergence were subjected o analyses of variance, Percentage ndull emergence

wits aresine trmnslonmed belore analysis,

A3} RESULTS
The development period of C. maclatus in seeds of the ﬂuwupl.ihh: He Brown aml
the three resistant cowpeas was ol signilicantly ditlerent (P > (L05) whether one,

live or ten larvae simultimeously infested each seed (Table 3.1), There were
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significant (P < 0.05) differences in the mean percentage adult emergence of the
bectle from the cowpeas at the difTerent levels of initial larval infestation, except in
the susceptible variety (Tabled, 2). Por the resistant varietics, percentage adull
emergence was signilicantly lower when ten larvae initially entered a seed than when
one larva initinlly entered n seed, Percentage adult emergence was shnilarly
significantly lower when ten larvae initinlly entered o seed than when live larvae
initiully emtered o sced cxcept for UT845-2246-4, Percentage adult emergence when
live larvae initinlly entered a sced was not significantly dilferent from that observed
when one larva initially enlered a sced except for I'TB45-2246-4, The interaction

between lrval infestation level amd variety was signilicam (P < 0.05).
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Table 3.1, The mean developmental period (days) of the local population of C.

mierfatins in seeds of selected varieties of cowpen at different levels of initial

larval infesttion

Cowpen Resistance.  Mean developmental period (days) (4 S.015) of
varicly shilus beetle in seeds initinlly bearing:
One larva Five larvae Ten larvae

ITe Brown Sum:pﬂﬁic 24 £ 012 2T F 020 2T £ 018

I'TR4S-2246-4  Resistant 3.5+ 1.35 314 4+ 0.93
I'TRS1:-22005 Resistinnl 33.7 4+ 0.93 34.1 4+ O.B0
I'T9nK-391 Resistant 33.2 4 1.60 2.7 4 (.63

314 + 0.85
337 + 1.28

32.9 o} (.44

LSD (0,05) (Tor vertical comparison) = 0,55

LSD (for horizontal comparison) = (0,63
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Table 3.2, Emergence of adults of the local population of C. maculatus rom seeds

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

per seed.

Cowpen variety  Resislanee

Percentage of sdults emerglng Trom seeds Initinily bearing:

Elalus
One larva Pive larvae Ten larvae
Te Brown Susceplible 3.0 £ Z.00 UZ 3 I 1.B8 IR
I'T845-2246-4  Resistant 71.7 £+ 4.64 44.0 + 2.89 41.3 + 6.69
I'T8SF-2205 Resistant 68.3 £+ 0.88 59.5 + 5.48 32.7 £ 11.26
I'T9OK-39] Resisinm 700 4+ 11.54 61.3 + 10.11 28.0 4 5.0

LS (0.05) (for vertical comparison) = 206

LS (0.05) (for horizontal comparison) = 2,38
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Table 3.3 Summary of ANOVA for the parameters taken during the experiment

ot eflect of Inrval density on expression of secd resistance in cowpea to C.

meresiletiuy

Source ol varmion  dl

Mean Squares

Lrevelopment time

% adull emergence

Carval densfiy (A) 2 0.95 NS 2270.68 *
Cowpea variety (B) 3 256,75 » 3498 86 *
AXDB [ 0.50 NS 364 .BO *
Lrror 24 .42 6,00

—

NS = Not signilicant,

* = Signilicant at ' = 0.05
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3.4 DISCUSSION

Hedden mwd MeGuire (1983 deternsined i the most discriminating variable for
megsuicimenl ol seed vesistnnee in cowpen o O mdcadains wis mean cmerpemce day,
Fllowed by percentage of adull emergence up to an optiomom o, Brrespective ol
level of Torval indestation, ot pacmieters distinguished ihe resistanl cowpeas Treni
the susceptible check. This study has therelore further confinued e lower
susceplibility of these known resistant varictics 1o this Nigerian population of €.
metcwlats, ‘These varieties have also been fouml w low suscepiibilities 1o
Macidaties populations from Burkinn Faso and Campinans  (Bril) (Oluya and
Credimml, 1995q),

OF proctical signiliconee is the observation (hat incrense In level of larval
tlestation resulted ina decrease o e muomber of Deetles that survived in the resistan
cowpeas. This can enhance the value of the resistan varieties as much lesser damage
will be inllicied on the cowpeas under severe infestation and if storage is for a long
period. Credland et af. (1986), Crediand and Dick (1987) and Michell, (990} have
ihicated that larval density in C. macwlary afleets food availability, lnrval moriality,
developmental tme, adult size and egge production, Sced size con similarly modulne
vl survivad (Mitchedl, 1990; Oluya, 1997). However, Tor ench variety, seeds of
sinpilar size (visually assessed) were osed. Larval competition within the sead may
bave partly contributed (o the decrease in progeny survival with increasing larval
densily, The significant imeraction between cowpen variety amd level of larval
infestation indicates that Lirval competition modulated progeny survival differently in
the varietics, For instance, due 1o increase in lrval density Trony one To ten por sed,

theve was o 42% reduction in adult cmerpence in the resistant FFOk-391 ol
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b 355 in the suseeptible We Brown, A vast army of antimetabolite/dosage level elfcets
way  be bmplicmted in the expression ol secd resistance in cowpea o brochids
(Gatehouse e ad,, 1990; Xovier-Fillo, 1991 Macedo ¢ af., 1993, Chigianghe and
Omighinde, 1996). It may be postulated that larval competition in the resistant
varicties interacted benelicially with the nutritional difficulty or antibiotic elTects o
produce higher larval mortality at the higher levels of larval infestation,

It has been demonsirated that individuals of two different populations of C,
iccrlarus reared ot one egg per seed on seeds ol TVu 2027 for three generations
showed o decrense i development time ol o increase i sorvival Trom one
pemeration to the mext (Pick mmd Credlioad, 19860, The higher monality with
icrense in lnrval density observed Tor the three resistant cowpen varieties used in
this study suggests that Tewer lemnt O moewdatus individuals may evolve with their
cultivation amd storage.

It is too lnborious to conduct sereening over more than one generation of bruchids,
eapecinlly with a loege permplasme collection, 'The experimental protocol sluukd
vevertheless revenl the probable respoise ol o resistud varicly  wmder sevese
inlestation, Redden md MeGuaire (1983) suggested that the mmber of epps per sewd
showld not be excessively large, below 10-12, aod prefernbly wailoom over seeds, The
stringent experimental protocol (one egg per seed) which has been adopted by some
workers (Messinn mwd Renwick, 1985; Dick amd Credland, 1986h; Moy aod
Credland, 19950, 1995b) s mennt (o eliminate the elfect of competition on larval
performance and survival. However, this sirimpent protocol vay supgest very linle
ahont e durability of seesd resistance except with very Farge replication or sepetition

over iy genetations,  Booker (1967) indicated i o € maesdatns, within seed
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competition appears o be absent for up o six epgs per seed, However, the elfect of
Inrval competition on laeval mortality has been shown here, 1o depeimd on the
susceplibility of cowpea seeds o attack by the beetle, Cn the whole, the observations
hiere support those of Redden nmd MoGuire, (1983) and cmphasize (ol imedenate
levels of inlestation (5-10 irvae per sced) should e included in screening protocols
T studying seed resistnnee o O miacilains because 10 will stll reveal the genernal
trend in the relative susceptibilities of the cowpeas, and presunubly, the durability of

the most promising varieties under severe attack.
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CHAPFTER FOUR

4OEVALUATION OF SEEDS OF SELECTED VARIETIES OF COWPEA,
VIGNA UNGUICULATA (L) WAL, FOR SUSCEPFTIBILITY T0O
CALLOSORRUCHUS MACULATUS (FABRICIUS) (COLEOI"TERA:

BRUCHIDAE).

4.1 INTRODUCTION

The cowpen seed bectle, Caollosobruchus marcnfatuy (1) 15 the major storage pest
of cowpens, Vigea sugnicalate (1) Walpers in the tropies (Singh et al., 19490).
Often, after six months in stovge 100% infestation may be recorded {Singh, 1977
Seck, 1993), Dnmaged secds nre riddled with ndult emergence holes aod delneed with
e vovers which leads o reduced weight and poor quality product, Beetle dunpe
also causes signilicant reduction in seed vinbility, The development mwl use of
resistonl cowpen varieties have been extensively studied beeause it ollers a simple,
cheap amd attractive approach o reduction of C. macufaios damage in stored cowpea,
O about 150K aceessions of cowpea in e germplasim collection at the Tniermmtional
hastitute of Tropicn]l Agriculivee (IFTA), Tbadan, Nigerin, a few, specilically TVa
625, 1TV 2027, TVu 4200, TVu 11952 and TVu 11953 have been wdentilicd ns
lving appreciable level of seed vesistance W 0 macilatns domage (Siogh, 1977,
Adjd e e, 1985, Jackod wmd Singh, 1988} From these resistanl progenilons,
especitdly TV 2027 many other C, meendatus resistant cowpeas have been developed

al IEEA (Singh, 1987 Singh and Singl, 19923, Many workers (Messin and Renwick,
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1985; Dick md Credinnd, 1986n; Ofuyn, 1987; Kitch er al., 1991; Mbata, 1993;
luyn and Credland, 19950) have largely confirmed the lower susceptibility of these
resistant IITA varietics to the seed beetle, Some improved cowpea varicties combine
bruchid resistance wilh resistance to one or (wo other major insect pests and many
cowpea diseases, and have been recommended for release in Nigerin and other
cotntries (Singh and Singh, 1992), ‘This recommendation notwithstanding, many
Farmers do oot grow these improved cowpeas, for reasons which are not clear (Jackai
and Adalla, 1997), Most of these improved varitics are lardly Touml in many
Nigerinn markets. This siudy compared the susceplibility of seven cowpea varictics
commoenly sold in local markels in Akure, in southern Nigeria with three improved
known  bruchid-resistant cowpeas and 2 well known  susceptible  varicty, lor
susceplibility to a local population of €. maciulatus, The ability of the beetle 1o
survive in the known resistand varicties over live successive generations  was also

exnmined.,

4.2, MATERIALS AND METHODS
4.2.1  Beetle popalation

. omocnfatuy oviginating Trom imdividuals infesting cowpea in a local market in
Akure were used, They were used (o inlest He Brown cowpea in Kilner jors amd the
cultures were maintained and the study conducted at 30 4 1° C and 50 4+ 10%

relative hamidity inoa conled incubator,
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4.2.2. Cowpea varieties

The varicties used were three known bruchid-resistant cowpeas initinlly developed
at ITA: TIE4AS-2246-4, FIBSE-2205, and UPYOK-391, o well-known susceptible
vardely, Ile Brown, as well as seven varleties commonly sold in local markels
Akure, Nigerin: Sokoto, Oloka, Oloyin, (loo, White Doom, Red Do and TV x
3236, The seeds ol the known resistunt amd the well known susceplible cowpens were
ubtained directly From IPPA, Thadan, Nigeria, Other seeds were purchased from loeal
markets in Akure, All seeds were lirst stored in a deep-lreezer for seven days prior
o use and were therealler conditioned in the cooled incubator for at least 7 days
before use in the experiment o standardize (heir moisture content, Some physical

ptiributes of the various cowpeas are indicated in Table 4. 1.

4.2} Suscepribility of the different cowpeas

For ench cowpea variety, 100 conditioned seeds were placed inside a glass Petri
plate (2.0 ¢m in dimmeter) into which was introduced several Treshly emerged males
il females of © maenlatus for 8 hr so that females would oviposit on the sceds.
The time ol oviposition was recorded, BExcess epgs were removed Trom seeds o leave
e epg per seed, Subsequently, ench seed was placed in a separate test wbe aml
closed with eotton wool such that emerging adulls could ot escape (o the outside.
Fourteen days alter oviposition (alier egge hatch but before adult emerpence), seeds
bearimg epps that filed o hatch were disearded. For cach variety, 200 seeds with
hatched eppes were retained ad this was replicated three times. . As Trom 20 days
alter oviposition, the seeds were examined ol Jeast twice daily and adults wene

remnoved as they emerped over a 70 day
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Table 4.1, Some characleristics of the selected varietics of cowpea.

Cowpen Mean seed weight (g)  Colour of testa Texture of testa®
IT845-2246-4 1.67 Deep brown 1
ITBSE-2205 1.50 Brown l
I'THK-391 2.11 Golden brown |
Sukoto | .G While 2
White Drum 2.B6 While I
Red Drum 2.65 Brown |
Ol 1.36 Light brown |
Oluoyin 1.98 Deep brown |
Oloka 1.98 White with black specks 2
Tyx 3230 1.80 Muottled cremm |
e Brown 1.68 Brown |

* 1 = mildly rough; 2 = rough.
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perind (i.e. until 90 days after oviposition). The time of emergence of each adult was
recorded. Development period (Hme of egg laying ooadult emergenee from seed) and
percentage adult emerpence (number of emerged adulis x 1T00/oumber of hatched eppes
were caleulated Tor each cowpen variety. Data on developamental period (days) il
percentage adult emergence were subjected to analyses of variance, Percentage adult
cimergence was arcsine teanslfonued belore analysis,

4.2.4, Ability of beetle to overcome seed resistance over any generations

A selection experiment was carried outl using two known resistant cowpens, FIESE-
2205 nmd FIVOK-391, Fresh seeds of each of these cowpeas were separaiely infested
i glass Petri plates (9.0 con dianmeter) with C. macilatus obtained From the laboratory
cultee. The First three ovipositing couples of the beetle 1o emerge from the imfesied
seeds were transferred to separate Peiri plates containing 100 ¢lean sceds of the host
o which they lad been reared, The beetles were removed Tronn the seeds alter 24 hr
il eggs Inbd were nllowed time Tor hntching, Subsequently, Torly seeds, each bearing
1-3 hatehed egps were selected and plaoced separately in glass wbes (1.5 e diseter;
15 em long) which were kepl in the cooled incubator, As From 20 days afler
oviposition, the seeds were examined at least twice daily and adults were removed as
they cmerged over a 70 day period (ie. until 90 days after oviposition). The date of
emergence of each adult was recorded. Adult emergence was caleulated Trom the
poaled data ol comulative tlal adults emerged from each whbe and developmental
period was caleulated likewise. This procedure was repeated Tor Live consceutive
generations where the st thice ovipositing couples of the beetle o emenge wee
wsed o8 parents Tor the next generation. Developmental periods of sdulis conerging in
the dilferent penerations were compared using analysis of varianee, Nmober ol adults

cinerping from the different pencrations were compared using Cli sogreoe melysis
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4.}, RESULTS
A0 Sweseepiihility of the different convpeas

The results are smmmarized in Fable 4.2, The iean developmiental period ol €
mgtertfatios in the three known resistanl cowpen varieties FERAS-2240.4, FIRS1E-2205
andd FTO0K-391 was 29,90, 30, 10 amnd 29,00 days, respectively, and was signilicanily
(P < 0.05) longer than in the well known variety (Ife Brown) as well as all the
commoenly sold varieties. Amongst the varieties sold in local markeis, Tvx 3236,
White deum mind Qloo had developmental periods of 25,54, 24,92 mwd 24,54 doys,
respectively recorded for them amd were signilicantly longer than the development
period ol the beetle on e Bowin, The othier locally sold varietics, (loyin, Sokoto,
Oloka ad Red Prom allowed o development time similar to that on e Brown,
Percentage adult emergence Tollowed o similar trend as developamental  period,
Percentage adull emergence ol O macielatus in two of the known resistant cowpeis,
IT9OK-391 and TTB5I-2205 was 24.00% amd 3B.67%, respectively and was
significantly (I' < 0,05) lower than that recorded Tor all other varietics. The other
known resistint variety, TT845-2246-4 showed a percentage adult cmergence of
S2.00% which was also significantly lower than that observed in He Brown, It was

nol siguificantly different fronn td olwserved in Tour of the locally sold
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Table 4.2, Mean developmental period (days) and percentage adult emergence of

sigtenfatiy veared on seeds of dilTerenl varieties of cowpen,

l['uw:w:l vinrely Mean developowental period Mean % sdull emergence
{tnys) £ 5.1 + 5.1

TTRAS 22464 T E .95 I0 L I1.59
I'T'851:-2205 301 £ 0,83 3B.7 £ 5.78

I'T90K-391 29.0 £ 1.01 24.0 + 4.51

Sukoto 23.0 4 0,80 76,3 + 8.17

Oluka 424.5 & .79 31,7 4 R.AOR

Oloyin 23,1 -k ().KO TLT £ 7.42

oy 24.5 + .83 53.0 + 6.66

Winie Druin
Red Droum
Ty 3236

e Beown

LS1) (10.05)

24.9 £ 0.83
22.7 + 0.80
25.53 + 0.54

223 & T

.68

0.0+ 6,81
0.7 4 2.73
47.0 £ 10.54

B3 7 + 5.41

12.39

M



Tuble 4.3 Summary of ANOVA Tor the parameters aken during the experiment
on suseeptibilities of dillerent cowpeas o C. acelatus

Source of variation  df Mean  Squarcs

Development time % adult emergence

Cowpen varicely 10 6.029] * 6790061 =
Error 22 13.15556 194, 5455
Tertanl 32

* = Signilicant mt P = 0,05
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vivrleties, mmely, 'TVx 3236, White Doy, Oloka amd Oloo, Al the locally sold
varleties allowed signilicnntly lower adult cierpence tan He Beown except Red
Drum,
4.2 Ability of Beetle b pvercome seed rexistanee over many geneialfiny
The results are summarized in Table 4.4 and 4.6 There were no significant (I* >
0.05) dilferences in development period of C. macudaiies in e two resistant cowpeas
lested (FVBSE-2205 and FIY0K-391) between live successive generations of the hectle
(Table 4.5). The percentage of haiched beetle cggs which produced adults varied
significantly between generations in ench cowpea (Table 4.6). For I'TR5E-2205 y* =
TLA U = 4, I' < 0,08) mwd for FIQOK-391 ' = 1IR54, dF = 4, ' < (L.05).
Pereentnge sdult emergence increased with successive generntions of the beetle on i

COW IS,
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Table 4.4. Mean develomental period (days) of ©. maculains in two resistanl cowpea

varietics (FURSE-2205 and FIOOK-391) over live successive pencrations,

Mean developmental period (days) 1 S.05

lectle genersition “TTRST-1205 TTO0E-391

sl ki I e b 20 I W)
1l 27.53 £ 1,30 8.2 % 1.3
1l 28.0 4+ 2.56 34,00 £ 2.55
L 28.8 4+ (.88 28.0 4 1.90
1 28.2 + 0.79 28.5 + 0.62

ANOVA dndicated that I* > 0,05,
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Table 4.5, Summary of ANOVA for development time taken during the experiment
o ability of O macwboms W overcome seed  resistance in woo resistant cowpens

(PTRSE-2205 and FPOOK-391) over five consceutive penerations

onree ol vivmtion i Muean syuares  dIf Muan squiies
I'T851°-2205 I'T9uK-391

Teneration 4 457578 NS 4 SIGURIE NS

frror ey 9.701233 i3 20.03805

"otal 44 37

NS = Not Significant at I = 0,05
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Table 4,6, Percentnge of hatehed C, macwlais eggs which produced adulis from two
resistonl cowpen varicties (FI'85F-2205 and 'T90K-391) over flive successive

penerntions.

Mean percentage adull emergence :

celle generation TITRS-2205 TITY0K-391

1 kEEEIY 0.0 (30)

il 19.0 (21) 24.0 (13)

il 52,0 (42) 300 (28)

h 42.0 (42) d44.0 (25)

i 58,0 (24) 57.021)

4 TLAME I < 0.05 T8 54; P < 0.05

Figures in purenthesis are sample sizes.,
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d.d. IHSCLSSION

This study Dais elearly shown (hal the locally sold varieties ol cowpen were o
susceptile o e by € meesdertiey than the koo resistant cowpens teeast, The
resistinnt varietics prolonged the development ol the beetle and Tewer mdulis coerped
Feenn e, Prodoiged development would icrease generation time in these resist
cowpeas and fow percentage sdult emergence would reduce the sumiber of oflfsprng
contribiting to popalation growth oo geseeation (o geseration, These ellects would
culiminate in lower dioage o seeds of these resistant cowpens over long perimd ol
slorage, This work has therelore furiher conlirmed the resistance status of FIR4S-
22404, TTRSP-2205 nnd FPRIK-391 1o bruchid mitck as hos beeo reported by sonwe
enrlicr workers (Kitch et al., 1991; Mbata, 993 Ofuya and Credlamd, 1995,
1U95h), ‘TVx 3230 aoked next o the theee kpown resistant varietics in resisbnee
status 1o O mmneesleerny doomage, 10 a8 interesting that the variety is amongst the seven
varictics obiainable o local markels because it was also developed in HFTA el s
specilically vesistant 1o the Nower bud thrips, Megalurethrips sjostedii (Vrylam. )
which s o omajor fell inseet pest ol cowpen (ackai and Singh, 1988y, Tale amd
Fleovbokhon (1991 have similarly observed |111:||1|i.4-:i|!|;! ewels of resisianee o ¢
ety in TV 3230 seeds. T s probabde thar  the Apviculiveal Development
Projeet in Nigerin which is funded by the World Bank popularized the cultivation of
this cowpen alter s recommendation Tor release o Bmers, 1S hopes) et brochin
resistant varictics like FP848-2246-4, FTRS1E-2205 and FIOOK-391 may soon become

wvailable i markers with beiter and more vigorous extension metlods
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Factors infMuencing the susceptibility and resistance of cowpeas 1o C. maculatis
have been reported by severad authors, Messinn and Renwick (1985) in their repirt
ol correlation between seed-coal texture mnd oviposition by ihe beetle siated hial
siondly seed-coal s preferred (o rough, Seed-coat thickness ambor landoess wilso
alTects the ability of e newly hatched v o penctmte the seed (Nwanee of ol
1975). Waker of af. (1989) suggested that sced-cout thickness, seed densily, maoisiure
content, prodein, fat, ash, carbohydrie sl proteinase activily were not associated
with the activity of C. maculatus on cowpea. While Guiehouse et af. (1979) reported
that o high level of trypsin inhibitor in (he cowpea variety TVo 2027 accounted Tor
s resistanee 10 ©, mecrlais, (he outcome of the sereening 56 varicties by Birch ef
el (TORS) did not demonstrnie any sssocintion between the level of trypsin inhibitor
miwd seed reststnoee, Xovier-Fillu 199 1), and Macedo of af, (1993) hivve reported thal
resistanee b the seeds of FERTD- 1045 @ € moendains Tarval development is due 1o
a viiand Torm of viellin siorage protein which is resistant 1o digestion by midgual
proteinases and thereby limits food supply 0 the larva, Contrary to the Tindings by
Baker ¢f . (1989), Oigiangbe and Onighinde (1956) have more recently reported thin
Gomiie acids o resistant cowpen seeds sipnilicantly  redueed 1 progeny  ad
consequently the percentnge adult emergence. This study did not atiempt to investigate
the basis lor resistance in the cowpeas tested. However, the inconsistency in the
reports of previous workers calls Tor Turther sticdies of the iteractions of combined
elTects of dilferent chemibcal mmd phiysicnl charncteristics in the development ol inseel
Fesisinnce imn cowpen.

Dick and Credland (19860} Tound that individuals of tweo different populations of

C mererdoins cultured on seeds of TV 2027 Tor three penerations showed a decrense
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in development e amd o significant increase in percemtape survival Trom o
peneration w the next.. 10 was similarly observed in this siody (b pereentage aduli
coierpenve incrensed significantly with successive penerations of the beetle mised on
seeds of TPRSI-2208 wmd FPVIK-391, Apparently, FERSE 2205 il FIOOK 391 e
descendiunts of TV 2027, These studies, together with the pancity of sced esisiamee
peies (Kileh ef ad., 1991), aise concern over the durability of vesistance expressal
by TV 2027 wd il descendwnts. Brochid resistince expressed o Tvo 2027 ad s
descendants may be inellective Tor long term storage. Do addition, wany € menlatis
straing interbreed and produce ferile eggs (Credlod, 1990) and the free movement
of Tegume seeds in Alvica (laylor, 1981) presupposes hybridizations between €
micredains populitions, The selection pressure impased by ase of TV0 2027 ol s
descendmmis miny  presumably lend 1o evolution ol beetle populations capabile ol
siiviving  in large  monbers i spreading  their  todernmt capacities  thirongl
hiybridization w other adjoiming populiations.

Messing and Renwick (1985) have however observed that individuals of ¢
mte'rtbatny cullured on seeds of some descendams of Tva 2027 for six generations
shivwed oo sipnilicant decrease in development time mnd por increase in pereentage
survivil Between the difTerent generathons, Shade ef ol (1996G) did mol olwerve any
development ol resistinl biotype of O macalatus aller 8 pencrations on TV 2027
Drevelopmentnl tine of the beetle in FERSE-2205 and TEOK W1 was also st
Between generations in this study, Vacintion i the responses of dillerent popilations
ol O mearctefearny b seed resistimee i cowpen (Dhick and Credboud, 19860 (O uya nod
Crediamd, 195a) may caose some populations o develop obsesvable wleroce within

a lew peneralions of selection than others,
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Dick and Credland (1986b) assumed that the greater number of beetles surviving
In the seeds of TVu 2027 aller three generations may be due to their ability 1o
overcome (he adverse ellects ol the supposedly trypsin inhiblior responsible Tor
expression of resistince. Macedo e al, (1993) suggested that the capacity of C.
maertlatiy 1o overcome seed resistance may be associated with individuals possessing
higher levels of midgut aspartic and cysteine proteinases. ‘These require cmpirical
verilication, It emphasizes the necessity of plant breeders to maintain a broad base of
resistant  propertics. Polypenic resistance is very dilficult o overcome by pest
populations (PMimentel of al., 1984) and cowpea varictics with multiple component
resistnnee can be expected (o have much longer uselul life than those based on o
single resistant cloracter, Pod resistioce is an altermative souree Tor reducing secd
damage by C. maculainy in cowpen and some less susceptible cowpeas have been
identilied (Akingbohungbe, 1976; Fitzner ef af, 1985; Kiich ef al., 1991; Ofuya and
Awclewa, 1993), The combinntion of pod resistance with seed resistance in the same
cowpea variely will Torm a broader and better basis for longer storage of cowpeas,

andd needs o be more vigorously pursued
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CHAPTER FIVE
5.0. CONCLUSIONS AND RECOMMENDATIONS
5.1, CONCLUSIONS
L. Theee descendants of TVu 2027 (I'T8SF-2205, I'TY90K-391 nnd I'TB45-2246-4) show
low susceptibility 1w C. smaculatus atiack.
2. Inwrcase in level of larval infesstation resulted in a decrease in the number of
beetles surviving in the resisint cowpeas.  ‘This would enhance the  value of the
resistant virieties as much lesser dumage will be inflicted on the cowpen uiler severe
inlestation
3. The locally sold varicties of cowpen were more susceplible 10 damage by
mecicideafies o the Known rexistant cowpens (IT845-2246-4, FTE50-2205 and FI9OK-
300 tested,  Mowever, some of them TVx 3236, White Dreum and Oloo exhibiied
mwderine susceplibility (o O macidatis,
4. The resistanee of sceds o FUBSF-2205 and FTO0K-391 w0 C, prrendates may be
iellective Tor long oo storage beenuse an increasing oumber of sdulis cmerped

Froma them over Five consecutive generations,
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5.2, RECOMMENDATIONS

Lo Muodernie levels of lorval Infestntion (5-010 lnrvae per seed) shoold b Tt dn
sereciing protocols For stody g seed resistniee Lo C paerealotiy becaose iy ievenl
the general trend in the relntive susceptibilives of the cowpens, nd the dumbility of
the most promising varietles under severe altack.

2. Lilonts: should e nade o populnckze the Tproved brochid reslstom cowprens
iegesl cowpen Trmers,

00 the nssopthon i that e Boerease Do the oumber of ©, pendiins suviving o
Ui seed alter Tive peoerntions I8 doe o ede ability o overcome the lnonlul ellecry
I seed, then it s necessaey for plant breeders o msbisin n brosd base of resistn
propertics, Pod vesistonce, amd seed coat resistinee conld be used 1o complement

biochemienl seed resistinee for lncrensed stormge durmblliny,
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