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INTRODUCT | ON

The cowpea, Vigna unguiculata (L.) Walp, is an important tropical
and sub-tropical annual legume crop grown chiefly for its seed (green
and dry) and for fodder, |In West Africa, where the crop is a major
protein source, various forms of bean foods are consumed (Oyenuga,
1955; Stanton, 1966). In the drier parts of East Africa the leaves
are eaten as a substitute for spinach (Mehta, 1970). In the United
States of America several varieties bear different local names. Cow-
peas are also extensively grown in China, the West Indies and South
America,

There was disagreement among scientists as to the center of
origin of this crop, both India and Africa having been suggested.
Faris (1963, 1965) after detailed biosystematic analysis involving
extensive cytological and morphological studies of some 13 wild Vigna
species and approximately 700 cultivated cowpeas concluded that V.
unguiculata originated in West Africa. Nwanze (1971), in a pilot
program using computer aided analysis of morphological variation in
w[ldkand cultivated cowpeas, suggested Nigeria as the most probable
center of origin,

The wide range of growth habits among varieties has been classi-
fied as erect, vining, semi-vining and bushy types. Growth habits
change with scason within a single variety (Ligon, 1958). Some

varietics produce crect, bush-type plants one year and mare or less



prostrate, vining plants another year or vary during the same year
with different planting dates or localities.

Early varieties mature within 50-60 days and late.varieties within
90 days. Flowers are self-pollinated but many are shed unfertilized
with only one to four pods developing on each peduncle.

Seeds are highly variable in shape, color, size and texture of
seed coat. Seed shape varies from globular to kidney with intermediate
forms of ovate, Qvoid or rhomboid. Color may be white, cream, red,
brown, yellow, or black and sometimes variously mottled or speckled.
Three categories of seed coat texture are recognized, namely, smoath,
rough (sometimes wrinkled) and cracked, Size varies from 0.4 to 1.2 cm
in length and from 0.3 to 1.0 cm in width,

During the evolution of insect-plant relationship it is believed
that both have developed adaptive patterns. Applebaum {1964) Lheorized
that while legumes have evolved protease inhibitors as defense mech-
anigms against insects, bruchids have overcome this by fulfilling
protein requirements through metabolic pathways insensitive to
protease inhibition. A similar theory was arrived at by Bell and
Janzen (1971) regarding the ability of the larvae of Caryedes

brasiliensis, one of the only two known bruchids that can feed suc-

cessfully on Mucuna seeds. These authors also theorize that during
the initial stages of this co-evolution, there must have been a strong
selection favoring the evolution of a bruchid genotype capable of
metabolizing or detoxifying L-dopa.

Severe losses occur Lo the cowpea crop due Lo heavy insccl allack

in the field and in storage, The following insccls have been reporled



associated with the crop: Callosobruchus maculatus (Fab.) which is

by far the most notorious, C. chinensis (Lin.,}, C. rhodesianus (Pic.},

Bruchidius atrolineatus (Pic,}, Maruca testulalis (Geyer), Laspey-

resia ptychora (Meyer), Acanthoscelides obtectus (Say), and Chalcodemus

aeneus (Boheman) .

The cowpea weevil, Callosobruchus maculatus, is an important

field-to-store pest of the cowpea. The weevil has been kpown to

spread along with the crop due to the favorable climatic conditions

in the regions where the crop grows abundantly. Being a fiecld-to-store
pest, the weevil is able to survive unfavorable seasons in the store-
house causing tremendous damage to the harvests of the previous season.
Weevil damége to seeds causes a critical reduction in seed germinatiﬁn
when three or more emergence holes are made per seed. Booker {1967)
recorded 82% germination in undamaged seeds after 3 days of planting

as against 667 in seeds with 3 emergence holes. Whereas Jotwani et al.
(1967) recorded 4% germination in seeds with 4 emergence holes.

For a time most of the studies associated with the crop were
centered on field selections of varieties least susceptible to the
weevil, Field studies do not reveal the finer nuances of resistance
and it should be understood that while man selects along a particular
line thus leading into a single cptimum, nature selects in such a
disruptive way leading intc many maxima of different characlers.
Consequently, resistance to insects in this crop, as in many others,
has been ''scattered' over the hundreds of varieties which have cvolved.

Studies in relation to resistance of Lhe cowpea to the cowpea weevil



are carried on at the Botany Department of the University of Durham,
the International Institute of Tropical Agriculture in Nigeria and
the University of I%e, Nigeria.

This study was to develop techniques for screening cowpea
varieties in the laboratory with the hope of revealing varieties
which possess some degree of resistance to the cowpea weevil. |t
is hoped that in the course of these studies it would eventually
become feasible to interbreed different varieties with varying degrees

and kinds of resistance.

"LITERATURE REVIEW
Origin and Taxonomy of Insect

The origin of the cowpea weevil is uncertain though it undoubtedly
originated from the 0ld World where ]t has long been associated with
its host plant, the cowpea. Collected specimens now spread through
the tropics over almost every museum from Brazil to the East Indies,
several West African countries, India and southern United States of
America. However, since £he weevil would breed on many legumes it
is apt to spread along with many hosts into regions formerly uninfested,

Callosobruchus maculatus (Fabricius) (Bridwell, 1929a:40) belongs

to the family Bruchidae, order Coleoptera, The insect was first

described by Fabricius in 1775 as Bruchus maculatus. Subsequent

synonyms. namely, Bruchus quadrimaculatus, Fabricius (1792); Bruchus

ornatus, Boheman (1829) Bruchus vicinus, Gyllenhal (1833) ; Bruchus




sinuatus, Fahraeus (1839) have been reported {Southgate et al., 1957).
€. maculatus is quite variable and often confused with C. analis, the

former having forms which have the rufous ground color of C. analis as
against a usually dark brown or black ground color (Southgate et al.,

1957) .

Another species, C. chinensis, is also a serious pest of the
cowpea but due to the direct competition with the more aggressive
cowpea weevil which is predominant on cowpeas, studies with C. chinensis
center mainly on other pulses,

The sexual dimorphism in the cowpea weevil is expressed by the male
elytra showing a black ground color along the latérél margins and apices,
whereas elsewhere being testaceous (Plate J). Pubescence is chiefly
golden with scale-like hairs. The pygidium of the male also demonstrates
a wholly black ground color or may be testaceous with margins. Sometimes
a median black line bearing a fawﬁ or grey pubescence is present. In the
female, the elytra are black along the sutural and lateral margins with a
hedian black bar across the center. The ground co]or of the pygidium is
testacecus with a median line bearing a white pubescence.

Under certain unfavorable conditions such as crowding, high temper-
ature, food of low water content or very short or long photoperiods,

a phase dimorphism in the adult stage appears as an abnormal form of

the weevil. This has been described as a ""flight'' form {Utida, 1954)
or "active" form (Caswell, 1960) and possesses distinct external
characteristics. This form has been regarded as a migratory form
similar Lo Lhe phase polymorphism in locusts (Ulida, 1977). Caswell

(1960) suggested some evidence of a hereditary factor which is






EXPLANATION OF PLATE |

Upper: Normal male and female cowpea weevils,

Lower: Male and female of the active form.
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independent of external conditions. Arora et al. (1967) suggested
a possible hybridization between C. maculatus and C. analis as
responsible for the occurrence of this form, but Bawa et al. (1972)
reported reproductive incompatibility between both species,.

The flight form is ellipsoidal in shape at the time of emergence,
with the last abdominal segments exposed beyond the end of the elytra,
The female is characterized by a ground color that is black thus giving
a prominent appearance to the median black spots on the outer margins
of the elytra whereas the white and golden pubescence appears grey.
The pygidium has a white appearance and is not as long as in Lhe
normal female. These characteristics are also apparent, though less
distinctly, in the male of the flight form (Plate I).

Further morphological differences have been shown by Yasui,
according to Utida (1972). Statistical differences between the forms
exist in both sexes for body weight, body length, pygidial length and
wing dimensions, the latter being biologically most significant and

accounts for the difference in ability to fly,
General Biology

Infestation of the crop usually begins in the field soon after
pods are mature and dry. Eggs are cemented onto the dry surfaces of
the pods and the larvae bore through into the seed where development
continues in the storehouse. Thus it is possible for a shipment of
tons of threshed cowpeas lo be accepted as '"“free of infestation' and

arrive al ils destination coupletely ruined, Store inleslation is



easier to detect. Females glue the glossy oval eggs on seed surfaces,
Eggs vary from 0,409 mm to 0,756 mm in length and 0,294 to 0.462 mm in
width {Larson and Fisher, 1938) and are viscid in appearance when
freshly laid but the egg shell becomes milkylwhite as soon as the
embryo develops and the first instar larvae penetrates into the

seed. Unfertilized or unhatched eggs remain transparent (Larson and
Fisher, 1938).

The first instar larvae hatches in about 3 days under favorable
conditions. After molting 3 times and reaching the fourth instar, the larva
constructs a cell in which it pupates (Larson and Fisher, 1938). Duration
of the larval stage is determined by temperature and relative humidily.
Under optimum conditions of 80°F and 60% RH there is a peak ol adult
emergence between 23 and 25 days after oviposition; this increases to
30-31 days when temperature drops to 75%F (Mookherjee et al., 1964),
Caswell (1960) reported a mean developmental period of 25 days in March
in Nigeria and 30 days in June. Active forms have a longer developmental
period ranging from 32 days in March to 36 }n June (Caswell, 1960). At
both extremes of temperature, 15°¢ and 39°C, larvae normally do not
hatch, but when they do, they do not develep into adults. Contrary
to Scoof (1941}, at 90% relative humidity the growth of fungal bodies
reduce emergence of adults but littie effect on the developmental
period is noticed at low humidities if temperature is constant
(Mookherjee et al., 1964; Booker, 1967). However, the combined .cgg,
larval and pupal periods are decreased with higher humidities, huiﬁg

most pronounced at 91/, RH.



At lower relative humidities and high temperatures the incidence
of the active form increases {(Utida, 1954; Caswell, 1960). Gill
(1971) noticed an abundance of the abnormal ''sterile' forms in the
summer months of April to August, whereas during the winter there
was a decline fn incidence. Caswell (1960) in Nigeria reported a
peak of appearance of the active form after February and March when
the high temperature continues and from April to October with a peak
in July (Prevett, 1961; Booker, 1967). Sano (1967) and Utida (1972)
postulate that the incidence of the active form increases with the
number of larvae developing in each bean. When the density ol larval
population is high, the temperature in heaps of beans rises beyond
the air temperature, and should this coincide with the predominance
of the middle instars (2nd and 3rd), then development is slowed down
and more active forms develop. Furthermore, the absolute water content
of beans may not be directly important but the change in water content
at a certain intermediate stage of larval development, which is ﬁost
susceptible for the induction of the flight form (Utida, 1972).

After casting off the pupal skin, adults remain quietly within
the seed for one or more days during which development is completed,
The newly developed adult cuts a tiny groove in the seed coat along
the edge of the larval burrow, sometimes arriving at a complete disk.
Emergence is aided by the adult pushing out this disk with its head
and front legs, after which a round exit hole is visible.

The adult life span varies with temperature. Low winter temper-

alures considerably increases longevity of both the normal and abnormal



adults from 5-8 and 12-18 days, respectively, in summer to 30-35 and
60-75 days, respectively ia winter (Gill et al., 1971). Mookherjce

et al, (1964) reported an adult lifespan of 2-3 days at 38-40°C as
against 31 days at 10°C. Males and unmated females Iive longer than
mated females. Utida (1972) cbserved a lifespan of 2 months for the
active form at 17 or ISOC, and half as long for the normal form,
Generally, the active form is more able to withstand lower temperature
than the normal form.

Adults die at humidities of 0-37 and 217 after 1 1/2-2 days but
they live longer (2-7 days) at-higher humidities (Schoof, 1941).

Lafsén and Fisher (1938) have reported a shorter lifespan lor weevils
that have no seeds on which to oviposit,

Mating in the normal form starts aimost immediately after
emergence. Eggs may be laid within a few minutes or hours after
emergence. Oviposition occurs freely on seeds stored either in dark or
in light. But a situation of continuous light or darkness would resull in
a high percentage of the active form (Utida, 1963). Each female may lay
60-70 eggs during its lifespan with a peak on the first or second day
after emergence from the seed. By the third day more than 507 of the
total number of eggs are laid and viability is maintained up to the
sixth day (Booker, 1967).

Contrarily, the active form demonstrates a well defined pre-
oviposition period during which neither sex is active. On emergence
the abdomen of balh sexes of the aclive form possesses a sizable lat

body as againsl malture reproduclive organs ol the normal lorm; Hhese



organs do not develop in the active form until later in life. A pre-
mating period of 2-3 days occurs and the active weevils do not make
any effort to mate Qith either their abnormal counterparts or the
normal ones (Gill et al,, 1971) and would even reject attempts of

the normal males (Utida, 1972). Peak of oviposition has been reported
on the fifth day by Utida (1972) with a lifetime oviposition of 15 eggs
per female. The active form needs a high humid environment for high
fecundity and fertility.

Mormal adults of the cowpea weevil do not fly, whereas active
forms take to flight very readily when dropped from a height, usually
flying to windows nearby while normal forms would drop to the ground
feigning death, Sometimes normal forms consistently make fruitless
attempts to fly by extending their wings. Development of active forms
in storage -has been suggested as an adaptation of the insect whereby a
migratory form develops which flies out from storage conditions into
the field in order to maintain the species (Sano, 1967; Utida, 1972).

Adult weevils normally do not feed but live longer with access to
sugar water. When water is obtained egg development is slowed down,
pre-oviposition period lengthened, and females spend mare time in

search of material on which to oviposit (Larson and Fisher, 1938).
Host Preference During Oviposition

Callosobruchus maculatus discriminates in ils cheoice ol seeds Tor

oviposition though it may oviposit randomly on any smooth surlace
ranging Trom glass boxes Lo caslor beans on which larvae die soon

after hatching [rom Lhe egy. There is a preference for seeds with



smooth, well-filled coats whereas cowpeas with cracked or loosened
seed coats are rejected, Even on seeds of the same variety but
different in seed coal texture, the weevils would oviposit on the
smooth ones. They may even preferentially oviposit on the smooth
areas of a partly wrinkled seed (Larson and Fisher, 1938). More
eggs are laid on larger seeds which provide more nutrients for the
'larvae; seed color has no effect on oviposition preference or damage
caused by the insect (Booker, 1967; Bates, 1969).

Successful breeding of the cowpea weevil has also been reported

in Nigeria on Phaseolus aureus Rox, Cajanus cajan (L.) Druce, Voandzecia

subterranea (L.) D.C., Spenostylis stenocarpus Harms and Kerstingiella

geocarpa Harms. Elsewhere it has also been bred on P. mungo L.,

Glycine max (L.,) Merril, Cicer arietinum L. and Dolichos lab-lab L.

(Booker, 1967). Except on P. aureus developmental period was extended

and high mortality reported,
Field and Laboratory Studies of Resistance

Cowpeas

Painter (1951) classified resistance as seen in the field under
a threefold basis, namely, non-preference, antibiosis énd tolerance. The
interrelation of these three components, one or more of which is fre-
quently present in resistant varieties, combined with environmental
factors determine to what degreec a plant variely is resistant to
insecl attack. In any given varicety genes for one or more of these

characteristics may be present. Additional genes may be Tound in



others, thus presenting the possibility of accumulating a higher degree
of resistance into one variety by genetic recombination,

While antibiosis and non-preference are essentially insect-plant
relationships, tolerance invclves a predominant role played by the
plant as expressed in regeneration of tissue, regrowth and recovery.
Under storage conditions tolerance may not be expressed except when
damage is tolerable to a certain degree without interfering with
viability or germination in a particular variety, 0One advantage of
storage over ficeld conditions is that resistance due to antibiosis
and/or non-prelcrence is less exposed to variable ecological con-
ditions, the problem only arising when a variety resistanl in slorage
turns out Lo bhe susceptible in the field.

The finding of plants by insects faor food or oviposition may be
a response to the same stimuli or to different ones. Responses Lo
color and intensity of light, roughness or smoothness of plant or
seed surface and to chemical constituents of the plant are paramount
factors to host-selection in insects (Painter, 1951). C. maculatus
oviposits freely on beans and peas of several colors, shapes and
sizes, but they show a marked preference for larger and smooth seceds
(Larson and Fisher, 1938). Raina (1971) reported the presence of a
rough spiny seed coat in variety G109-1 of chickpea as the factor to
which he attributed resistance to infestation by C. analis, C.
maculatus and C. chinensis.

ln spite ol smoothness of secd coat, C. maculatus avoids lepary

beans. Though the surtface scems suitable for oviposition Lhe sced



coat, when moistened, soon wrinkles, a phenomenon which the insect
seems aware of.

An attraction to sacks of beans and mature pods and seeds in the
field have been attributed to an odor emitted by the crop (Larson and
Fisher, 1938), but no evidence has been reported of any odor differ-
ential existing between varieties., |t may well be that non-preference
for some varieties may lie in their ability to emit strong repulsive
odors, Oviposition apparently is not affected by light since il
proceeds under equal conditions just as readily in the dark (Larson
and Fisher, 1938). However, these authors did not show whelher the
same number of eggs were laid,

Jotwani et al, (1967) tested the repellent property of Neem seed

(Azadirachta indica) against C. maculatus on four leguminous seeds,

Decorticated dried neem fruits were crushed intoc a fine powder and

used as a seed protectant, Effective control of the weevil on mung
bean, Bengal gram, peas and cowpeas for various lengths of time was
reported. However, they did not specify whether this treatment
prevented oviposition by the weevil or whether it affected its lifespan,
Su et al. {1972), using citrus oils, also showed a high degree of effec-
tiveness as surface protectants for cowpeas against altack by the weevil,
Oviposition on lemon oil treated seeds was considerably reduced. These
two tests indicate that naturally occurring substances exist in plants
to some degree which can serve as deterrents Lo insccl oviposition,

[ flectiveness ol adory e Lted by the beans as a possible non-prelerence

factor in vesistance should be investigated.,  Such lactors may be |inked



with seed coat texture but as yet are unknown, Teotia et al. (1966)
stated that though C. chinensis preferred toc oviposit on smooth seeds
of maize it does not lay eggs on smooth seeds of wheat, unhusked barley
and rice, thereby postulating that ''some factor or factors other than
smoothness of the seeds also influences the ovipositiaon of the beetle.!
This agrees with a previous study by Srivastava and Bhatia (1959) who
showed that the weevil did not lay eggs on smocth cucurbit seeds while
preferring okra seeds

These studies so far do not indicate the ability of any onc cowpea
variety to withstand damage by the weevils yet maintaining its abilily
to germinate and produce effectively. Jotwani et al. (1967) tested the
extent of damage done by grubs of C. maculatus on germipation ol leguminous
seeds, Germination of gram, cowpeas and mung bean seeds were reduced by
824, 96%, and 100%, respectively., Unfortunately only a single variety
of cowpeas was used.

Gundurao and Majumder (1964) indicated that intergranular space
was a limiting factor for the growth of pulse beetles. Using C. chinensis
on different pulses other than cowpeas, they observed that the depth of
infestation increased with grain size and resulting intergranular space,
Smaller grains restricted this insect to the top region of grain bulk.
Such physical attributes of the grain mass due to seed size may also
influence progeny population.

Larvae of C. maculatus failed to develop in becan flour made [rom
cowpeas nor did they develop successlully on oily sceds (Larson and

Fisher, 1938); the few adults that emerged were nol vigorous and



produced few eggs. Ishi (1952), after studying the host preference of
the cowpea weevil, concluded that saponins may be a growth-hindering
substance in non-favorable hosts. However, growth hindering of non-host
plants may not depend on just one single component alcone but may require
the interaction of complementary fractions of several substances in
adequate comhination,

Borchers et al. (1947} extracted a trypsin inhibitor from seeds of

legquminosae; 43.7 units/ml extract was found in Vigna sinensis cxcecded

only by Phaseolus vulgaris with 44, 1. According to Ham and Sands Ledt

(1944) quoted by Borchers et al, (1947), the soybean [raction has been
shown to have growth-inhibiting properties. Though inhibition was shown
on chicken and rat the chances are that such fractions may also inhibil
bruchid development.

Subsequent studies on varietal resistance to Bruchus sp. in cowpeas
under storage conditions were done by Chandola et al. {(1969). 0Of 40
varieties studied only one, “Tz”, showed resistance which was measured
by the damage caused by these pests. No indication as to factors
determining damage was given. Green (1970) screened 150 lines of

cowpeas to the cowpea curculio, Chalcodermus aeneus; all lines showed

some degree of infestation. In a further trial with 60 new varieties,
"Mississippi silver'' was more resistant than others and he concluded that

cowpeas of Eastern Hemisphere origin were more infested than those of the

Weslern Hemisphere. These studies indicate thal somewherce in the germplasm
ol the cowpea, varictices exist that may show high degrees of resistance.
Gokhale and Srivastava (1969) found that C. maculatus did naot

develop on French beans but live 2nd and 3rd inslar larvae were lTound



in autoclaved beans, Pfeviously, Todd and Canerday (1968) had cvaluated

51 varieties of Vigna for resistance to Chalcodermus aeneus. Differ-

ences in adult preference for oviposition were significant with

Fla. b53-01 being least damaged. Antibiosis was also noted in
impairment of larval development especially in Ala. 963.8 and Va. 59-119.
Subsequently, Canerday and Chalfant (1969) found an arrestant and feed-
ing stimulant for the cowpea curculio in several parts of the Vigna
sinensis plant, Further investigations by Cuthbert and Davis (1972}
confirmed that the factors of adult non-preference and failure of

adults to pepetrate through the pod wall account for diflerences between
resistant and susceptible lines., They also showed conclusively that the
amount of feeding stimulant reported by Canerday and Chalfant (1969) was
a factor in the non-preference exhibited by the adults. Though lurther
screening of seedlings for the non-preference factor is suggested, a
consequence for the seeds in storage was not foreseen,

Cuthbert and Chambliss (1972) also surveyed plant introduction
accessions, varieties and breeding lines of cowpeas revealing potentially
valuable sources of curculio resistance. The relatively poor success
of the curculioc to penetrate pods of certain varieties may be overcome
on exposed seeds in storage. When resistance in the field is accounted
for by amount of damage done to pods it must be remembered that difflerences
in dates of maturity and fruiting introduce an escape mechanism which may
be misconstrucd as a non-prefercence lactor.  Some variclics may (ruil

poolrly o profusely depending on dates of planting and site



Soybean Inhibitors

One drawback in resistance studies of cowpeas and its associated
bruchids is the lack of better understanding of the resistance mechanisms
involved. This would be helpful in efforts to develop resistance either
to Curculio or C. maculatus. Most of the studies on tropical grain
legqumes so far have used C. chinensis as the insect pest and soybeans
or chickpeas as host plants., A survey of these studies may reveal
similar resistance mechanisms in cowpeas.

Following the studies of Ishi (1952) on the role of saponins as
a growth hindering substance, Lipke et al. (1954) examined soybean lor
possible unidentified toxins which may be responsible lor Lhe crop's
freedom from insect damage. The following inhibitors, soyin, crystalline
trypsin inhibitor, alkaline, acid or ethanolic extracts ol the sceds,
have varying effects on vertebrates but showed no significant decrease
in the growth rate of Tribolium larvae. But at the 2.5/ level a
material precipitable from a pH 4.6 extract of raw soybean by 0.475
saturation with ammonium sulfate was toxic to all the larvae., The
material could be the factor earlier described by Borchers et al. (1947),
Kunitz (1947) and subsequently studied by Birk and Applebaum (1960).

The latter authors concluded that the purified acetone insoluble Taclor
and the factors designated C] and C2 strongly inhibit growth of T.
castaneum larvae by inhibiting proteclytic activity of larval midgut
enzyme sclution.

Applebaum (1964) examined the effects of soybean tiypsin inhibiting

aclivity on €. chinensis and Acanthoscelides oblectus.  The Lrypsin

inhibitor designated as crystaliine soybean trypsin inhibitor (CSBTI)



had negligible effect on the proteclytic activities of bhoth insects

and had no effect on the overall development of Callosobruchus. Thus

it appeared that the bruchids had evolved a pathway insensitive to
protease inhibitors of legumes. Applebaum et al. (1965) later revealed
that developmental incompatibility of soybeans for L. chinensis was
partly due to the presence of soybean saponins. Larvae did not complete
development and this is attributed to soybean ''saponin [lraction C"
Fraction C and urease are also ovipositional attractants for Calloso-

bruchus whereas these authors- concluded that the constituents of

soy-saponins, i.e., their sapogenins and sugars, had no apparent ellect
on the development of the weevil. The insensilivity ol Callosobruchus
to trypsin inhibitor was further confirmed (Applebaum et al. 1965).

Saponins of seeds of chickpeas, garden peas, broad beans, haricot

beans, lentils and groundnuts have been fractionated into saponin
Preparation | (CaO-precipitable) and Preparation Il (CaO-nonprecipitable)
(Applebaum et al., 1969). Preparation | but not 11, was shown to have
effect on development of C. chinensis whereas a mixture of both fractions
extracted from chickpeas or lentils (normally attacked by the weevil)

had no adverse effect. But a similar mixture from a variety ol garden
peas (resistant to this insect) inhibited development. In haricot

beans saponins are regarded as an ancillafy factor of resistance in
contrast to groundnut saponins which completely prevent larval develop-
ment. Thus as suggested by Ishi (1952) the resistant factor may be
expressed in Lhe presence and/or absence of complementary chemical

components,
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Varieties of Vicia faba L. are relatively resistant to L. chinensis
but low levels of saponin content in the seeds is not sufficient to
affect the development of the bruchid (Podolar and Applebaum, 1968).
The relative resistance of some varieties is due to difficulties
encountered by the larvae to penetrate through the seed coat,

The possible development of a strain of C. chinensis which would
hydrolyse soysaponins has been suggested by Applebaum et al. (1968).
Strains of this species from lsrael and Japan were compared and though
attempts failed to establish populations of both strains on a number
of soybean varieties, the lIsraeli strain showed partial larval develop-
ment.

Su et al. (1971) examined the possibility for use of soybean
saponin as a protectant against stored grain insects., A high degree
of protection of wheat dusted with soysaponin and its calcium salt

was reported on the rice weevil.

Other Legume Seed Inhibitors

Apart from saponins other seed chemical fractions have been
suggested as factors conferring resistance to legumes. Ishi {(1952)
attributed the presence/absence or low content of pentosans in legume
seeds as responsible for enhancing or inhibiting development of C.
chinensis on haricot beans. In a later study, Applebaum et al. {(1970)
suggested that the heteropolysaccharide and starch fractions of

Phaseolus vulgaris are a part of a complex of naturail componenls of

this plant which conler resistance ta the beans againsl € chinensis.
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Hetercpolysaccharides are a distinctive feature of legume seeds and
contain large amounts of pentoses. Larval development and mortality,
in addition to reduced adult fecundity, were reported when both
fractions were incorporated into artificial beans. Subseguently
Applebaum and Guez (1972) examined the comparative resistance of
P. vulgaris beans to C. chinensis and A. obtectus. The ability of
the latter pest to thrive on haricot beans has been attributed to
its better ability to effectively digest a large portion of the
heteropolysaccharide,

Six species of the genus Mucuna have been found toc possess high
concentrations of free L-dopa (3,4-dihydroxyphenylalanine), a drugy
used for the treatment of Parkinson's disease in man (Bell and Janzen,
1971). L-dopa was alsc suggested by these authors as responsible, at
least in part, for the immunity of the seeds to insect attack. Further
studies by Rehr et al. (1973) confirmed the toxic effects to the cater-

pillar of the southern armyworm, Prodenia eridania Cramer, which is

widely polyphagous.

Therefore, it is obvious that the mere presence of one chemical
component does not necessarily confer resistance to a plant against an
insect. 1t may require the presence or additional components or a
minimal concentration threshold in order for resistance to be expressed.
Finally, the modality of the insect-plant inter-relationship would
determine whether a variety would be resistanl or not, depending on

further modifications by eccological conditions of the environment,
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MATERITALS AND METHODS

Since no previous laboratory study detailing the techniques and
procedures developed for screening small samples of cowpeas or related
grain legumes was available, it became necessary to run a series of

preliminary tests on biclogy and behavior of Callosobruchus maculatus

under laboratory conditions to determine optimum conditions to ohtain

maximum oviposition and homogeneous infestation of samples to be

screened,

Cowpea Seed Sampies

In June, 1972, about 1100 entries of cowpeas were supplicd by
Dr.. H. B. Green of Mississippi State College, State College, Mississippi.
Since these had already been treated with 0DT, a random sample of 60
varieties was grown in the greenhouse in August, 1972, in 6-inch clay
pots in two replicates (Plate 1), Growth habit and maturity dates were

recorded. Only 26 varieties produced sufficient seed far screening

tests. In September, 1972, 78 varieties arrived from the International
Institute of Tropical Agriculture (1.1.T.A.), lbadan, Nigeria. These
also were contaminated with "Aldrex T, In April, 1973, 13 varietlies

arrived from the same source, untreated. A commercial variely popularly
called "Black-eyed pea' which was used for the preliminary tesls, hrought
the total to 40. in this study all samples, lines or introductions are
referred to as '"varieties'' regardless of source. The variety number,
source of supply, pedigree, growth habit and maturity of each arc listed

in Appendix 11,
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EXPLANATION OF PLATE 1|

Upper: Cowpea seed multiplication in the
greenhouse.

Lower: 25 cm diameter plastic dish containing
ice for temporarily knocking down
weevils,



25




26

Rearing Procedure for Weevils

The source of the original stock culture is unknown., Cultures
are started weekly in the Stored Products Insects Laboratory of the
Department of Entomology, Kansas State University. Every week, three
wide-mouthed quart jars with one pint of the commercial variety of
cowpeas available are infested with 300 newly emerged, 1-2 days old,
unsexed adults, This yields an average of 6400 progeny (Strong et al.,
1968). The jars are covered with lids made of Mason wide-mouth jar
rings into which a kelthane treated filter paper (to prevent mite
infestation) is placed under a 40-mesh wire screen, The weevils
remain exposed in the jars in the rearing room at 80 + 2°F and
67 + 3% RH for 24 days by which time the dead weevils are screened off.
The room is lighted during a 12-hour photoperiod.

Between the 27th and 30th day after starting the culture, peak of
adult progeny emergence occurs, On the 35th day, by which time there
is an increase in number of the active form, cultures are sieved and
adults used to set up new ones,

When weevils were needed for screening cowpea varieties, a carbon
dioxide air mixture was passed into the culture jar at a pressure of
50 1b/sq in. for 5 to 10 seconds which temporarily knocked the insects
down. Weevils were immediately sieved through an B-mesh screen and
discarded and the culture jar(s) kept in the rcaring room. The
procedure was repeated aller 24 hr Lo collect 0-20 hr old adults Tor

subscequent tests,
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Handl ing Procedure

The effect of carbon dioxide on the biclogy and behavior of insecls
is well documented (Willis et al., 1954; Press et al., 1967; Lum and
Phillips, 1972; Lum and Flaherty, 1972). Consequently a chilling
procedure suggested by Dr. Horber of the Department of Entomology,
Kansas State University, was employed for this study (Plate I1). A
14 1/2 cm diameter petri dish was placed on ice in a plastic dish,

5 cm in diameter and 4 cm deep. The petri dish served as a receplacle
for the weevils to be chilled and inactivated for subsequent handling.
Temperature on the surface of the petri dish averaged 39OF. Weevils
were sieved through an 8-mesh screen when needed, usually about a

dozen at a time, onto the petri dish. They were left on the petlri

dish for 5-10 seconds while being exposed to chilling. This duration
was found adequate for a temporary knock-down. The petri dish was
removed from the ice dish, weevils were sexed and introduced into the
test boxes before they became active again,

Sexing was based on elytra characteristics and weevils were picked
up with a pair of feather-weight forceps or a ''Schuco'' vacuum tweezer.
Equilibration and Measurement of Moisture

Content of Seeds
Screening experiments require seeds of the same moisture content,

Since no standard method Tor the determination of molsture contenl ol

cowpeas was available, the air oven method was employed For weighed
samples at lour diflevent temperatures and duraltions.  Samples were
returned to the rearing room to equilibrate and moisture content was
Fedolermined alter 5 weeks,  Four randomly selected varielies were
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then compared with the commercial variety.

To determine the period necessary to equilibrate seeds in the
rearing room, moisture content of samples was periodically determined
at the end of 0, 3, 6, 12, 18 and 30 days after introduction into the
rearing room. Three grams of each sample were oven dried at 1037C lor

5 hr and replicated 5 times,

Ovipositional Studies

Test 1.
Influence of Age of Parent Insects on Oviposition

and Progeny Development

This test had two major objectives:

{a) To determine the length of time required after emergence
to Tnsure mating of all the adults.

(b) To determine any biological differences in progeny emerging
from eggs laid eariier or later in life.

Insects used were l-day-old females, |-day-old females plus |
male, 2- and 3~day-old females, Plastic boxes (48 mm x 48 mm x 18 nm)
with screened 1lids {Swoyer, 1369) (Plate |11}, each containing 30 seeds,
were infested with 3 females and 3 females plus one male accordingly
and replicated 4 times. After 10 days the weevils were removed, by
which time most were dead, Eggs laid were counted two weeks after
infestation and daily observations for adult progeny in cach box
commenced as from the 25th day after infestation.  Adults were removed
and placed in 20 mm x 20 mm x 18 mm plastic boxes with Tids (PMlate 111)

and stored inoa deep brecser. Observat ions were stopped on Lhe 50U



29



EXPLANAT ION OF PLATE 111

Upper left and lower: Plastic screening boxes
with screened Tids, 48 mm x 48 mm x 18 mm

containing cowpea samples.

Upper right: Plastic boxes 20 mm x 20 mm x 18 mm
with lids for holding adult progeny weevils.
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day aftter infestation to avoid a second generation but allow for
emergence of all active forms. Progeny weevils were then oven
dried at 60°C for 6 days and weighed on a Mettler Model HIS
elactrobalance,

The procedure from infestation to measurement of dry weight

of weevils was the same in all tests except where otherwise specified,

Tesl 2.
Influence of Seed Number and Parent Insect Number on
Oviposition and Progeny Development

Since it is not known whether the active form of the weevil may
be associated with resistance, it was necessary to determine the
number of insects needed to obtain maximum normal progeny from an
optimum seed number and at the same time producing a minimal percentage
of the active form.

Four lots of 20 seeds each were infested with 2, 3, 4, and 5
females (24-48 hr old), respectively, The same stepwise increased
infestation was repeated for lots of 30, 40, 50, and 60 seeds. The
test was replicated 4 times. Number of eggs/female, total adult
progeny and number of active forms were recorded.

Test 3.

Effect of Handling Procedure (Carbon dioxide and Chilling)
on Parent Insect Longevity, Fecundity and Progeny Development

To compare the effects of the chilling and treatment with
carbon dioxide, respectively, as alternative methods ol inactivating
Chem, weevils were subjecled to 10, 20, h0, 60, and 90 sco exposuare

to cach Lreatment.  For coch ol the & replicates in each Lreatment
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about 10 insects were carefully removed from the culture jar by
suction. Carbon dioxide treatment consisted of passing the gas at

50 Ib/sq in. for the period desiréd into a test tube containing the
insects and fitted with a glass tube into which the gas outlet rubber
tubing was connected.

The chilling was done as previously described except insecls
were exposed on the pelri dish for the different periods indicated.
Untreated weevils served as controls. After treatment three femalces
were introduced into each box containing 30 seeds. Treatments and
control were replicated 4 times. Observations arc listed in Table 6.
Test 4.

Duration of Exposure of Parent Weevils 1o
Seeds for Oviposition

This test was designed to determine the period necessary to
expose the seeds to the weevils for oviposition to produce maximal
adult progeny at the same time as a minimal percentage of the active
form. Each of ten batches or lots of 30 seeds in four replicates
were infested with 3 mated females. Each day, at approximately lhe
same time, all weevils were removed from a batch and discarded. This
procedure was continued for 10 days. Total eggs, adult progeny and

active forms were recorded for this purpose.

Test 5.
Influence of Previous Oviposition on the Attracliveness

of Beans

Since cowped weevils prelor smooth seeds and Lhey usaally are

exposed Lo the sced samples lor periods longer than one day, a test
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was carried out to determine seed attractiveness after previous
oviposition.

In conjunction with Test 4, another set of 30 seed samples in
4 replicates were each infested with three females on the first day.
Next day all weevils from each box were transferred to another set
of samples with fresh seeds. This was repeated daily for 10 days;
each day all weevils were transferred onte fresh seeds. Number of

eqggs, adult progeny and active forms were recorded.

Screening by Artificial Infestation

Prior to infestation of the 40 varieties listed in Appendix I,
seed coat color and seed coat texture were scored with arbitrary
scales, sufficient units being used to include every distinct type
or class (Appendices Il and |11},

Jue to seed shortage among the Mississippi varieties these samples
consisted of 20 seeds only in 3 replicates, while the 1.t.T.A. seed
samples were screened with 30 seeds in 4 replicates. All procedures
from infestation to weighing of adult progeny were the same as

described in previous tests.

Statistical Analysis

Data were analyzed on an IBM 360 computer, for analysis of
variances, 1LSD values Tor multiple comparisons and correlation

corl licients,
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RESULTS AND ODISCUSSION
Moisture Equilibration of Seed Samples

It is commonly known that seeds which are moisture~equilibrated
in a constant RH, then oven-dried, will not re-equilibrate in the same
RH to the original moisture content. This phenomenon of hysteresis
probably explains the results presented in Table 1. Since seeds
apparently lose other volatile components other than maisture at
higher oven temperatures and longer exposures, a temperature of IO3UC
was used and seeds were dried for 5 hr.

Table 1. Equilibration moisture content (at 27°¢ and 67 + 3/ RH)

of cowpeas before and after drying as measured by air-
oven using different temperatures and exposure periods.

2
Mean
Oven Moisture content loss in
Sample wt. temp. Duration (%) equilibration

(g) o8 (hours) Initial Final m. c.

3.0 103 5 12.6 12.2 0_483
3.0 103 L8 13.1 12. 4 0.7hb
3.0 103 72 13.5 12.6 0.9b
10,0 130 3 13.3 12,1 1.2b

LsD (5%) = 0.65%%
] Average of five determinations.
g Probably due to hysteresis.

3 Means followed by the same letter are not signilicanltly dillferent.
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Figure 1 clearly shows that the seeds gain most of their moisture
within the first 3 days in the rearing room. A constant seed moisture
content is attained within 2 weeks, Thus, all seed samples were kept
for 2-3 weeks in the rearing room prior to use. The 4 randomly selectad

varieties exhibited similar patterns of moisture equilibration,

Ovipositional Studies

Test 1.
Influence of Age ol Parent Insccls on Oviposition
and Progeny Development

Tahle 2 shows that most eggs are laid on the first two days aller
adult femates have emerged from the seeds. The results agree with
previous studies by Larson and Fisher (1938) and Utida (1972). Wwhen
cowpea weevils are randomly selected from a culture jar, chances arc
that some may not be mated though C. maculatus adults would mate soon
after emergence (Larson and Fisher, 1938). This fact is aptly
demonstrated in the treatment where one male was added to the 3
females (Table 2). Though there was a significant effect of age of
parent weevils on oviposition, this did not significantly influence
progeny development. A difference might exist with older weevils.
Though there was a higher percentage of the active forms in the
second treatment, i.e., 1 (+] male), this was not significant,

This test indicates therefore to use 24-48 hr old weevils. To
accomplish this, [reshly emerged adults (0=24 hr old) were translerred
to culture jars conlaining (resh seeds Tor 20 hree This ensurved proper

maling of insects and less individuals of the active Torm among progeny,
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EXPLANATION OF FIG. 1

Days required for moisture equilibration of 3 g
samples of cowpea seeds {commercial U.S.A. variety)
in 279C and 67 + 34 RH. Moisture determination
was by the air-oven method (103°C for 5 hr).
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Table 2. Age influence on parent oviposition and progeny development.]

Mean no., of Mean %
Age of eggs developmental Adul t A
weevils laid/ period progeny active
(days) female (days) emergence form 3
L
1 36.04 31.5 76.1 41
1 (+ 1 male)  L46.3b 31.6 75.0 9.9
2 32.0a 31.7 75.0 5.0
3 13. 4e 32.0 72.8 6.4
LsSD (5%) 7.78% n.s. a5 n.s.
Significant difference between means (P - .05).

Data on this table are averages of 4 replicates.

From total number of eggs laid.
3 calculated from total adult emergence,

4 Means followed by the same letter are not significantly different.

Test 2.
Influence of Seed Number and Parent Insect Number
on Oviposition and Progeny Development

Strong et al, (1968) in rearing cowpea weevil cultures for
laboratory studies indicated that development was affected when
higher numbers of parent stock were used. Results in Tables 3, &
and 5 support this phenomenon. As female parent number increased
there was a decrease in the number of eggs laid per female. This
may be due to interference between insects. Furthermore, it may be
postulated that eggs laid early in the weevil's lifespan would act

as deterrent Lo oviposition making the seed surface less attractive,
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i.e., by roughening it or otherwise, However, as seed number was
increased we found this interference effect was cancelled. Thus,
there was a threshold or point of interaction between seed number

and female parent number, To exclude undesirable interference either
seed number must be increased or number of females reduced. However,
the chore of counting eggs is geometrically increased with an increas-
ing number of females and seeds., It is thus not feasible to use 50
or 60 seeds nor 4 or 5 females where one desires to screen a large

germplasm collection.

As shown in Table 3, 30 or 40 seeds appear as the optimum seed
number required. It was decided to use 40 seeds when seed supply is
in abundance and 30 when limited, Since the difference in ovipositiaon
on 20 or 30 seeds was not significant it is reasonable to use 20 or 25
seeds in the event of very limited seed supply. Besides, it reduces
labor in counting eggs. Since weevils lay more eggs when not crowded,
the results in Table 3 indicate that 2 females should be used, this
being significantly different from other weevil numbers. But with
3 females optimum percentage adult emergence was attained (Table 4).
This was most obvious with 40 seeds (83.3%). Percentage adult pregeny
emergence also shows the same trend as number of eggs laid/female,
This was probably due to crowding. Fewer larvae develop to maturity
when female number is increased but this phenomenon is compensated
for as seed number increased.

The data on the active forms do not follow the same pattern

(Table 5). Supposedly, a larger proportion of active forms would be
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produced as seed number is reduced and female parent weevils increased.
This would be the case when optimum conditions are exceeded (Utida, 1972;
Sano, 1966). But in our tests conditions favoring crowding, temperatures
or photoperiod were controlled and production of active forms was held
to a minimum, Data in Table 5 confirm the results presented in Tables:
3 and 4. There was no significant difference in percentage of active
forms due to seed number but with an increase in female weevil number,
leading to more eggs/seed, the percentage of active forms increased.
There was no significant diffefence in number of active forms produced
by 2 or 3 females.

It can be concluded that for samples of 30 or 40 seeds, 3 females
per replicate would be most desirable.
Test 3.

Effect of Handling Procedure (Carbon dioxide and Chilling) on
Parent |nsect Longevity, Fecundity and Progeny Develocpment

The analysis of variance for each of the observations taken showed
no significant influence of either cold or carbon dioxide (as used in
this test) on the biology of the insect (Table 6). This does not prove
that subjecting the insect to these treatments has no overall effect
but rather that a short exposure of the weevils to either treatment
does not have a deleterious effect on the weevils., Previous studies
involved the use of longer periods of exposure or of lethal doses of
the gas for control measures (Willis et al., 1954; Press et al., 1967;
Lum et al., 1972).
Since‘it was more convenient, cheaper and faster Lo work with the ice

dish, this procedure was used in all tests.
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Table 6. Effect of carbon dioxide and ice-chilling on parent cowpea
weevil oviposition and progeny development.
Mean % Mean wt,
Mean no. Longevity develop- adult % of adult
Treat- of eggs/ of mental progeny , active progeny
ment female parents period emergence form3 (mg)
Control 42,7 8.5 32.6 85.6 2.8 1.9
dce
10 sec. 43.3 10.3 33.1 89.5 1.2 2.0
20 37.3 9.8 33.0 87.8 4.9 1.9
Lo Lo, 7 8.8 32.5 81.6 2.4 1.9
60 38:5 9.2 32.9 80. 3 1.8 1.9
g0 43.8 18..3 33.2 79.1 5.5 1.9
Carbon dioxide
10 sec. 41,8 10.3 33.1 88.7 1.8 1.9
20 41,5 9.2 32,7 84 4 5.0 1.9
Lo L42.7 10. 4 33.0 8L.8 5.1 2.0
60 39.2 9.8 33.0 84,0 4.0 1.9
90 " 42.3 10.8 33.4 75.8 6.2 2.0
LSD (5%) n.s. n. n.s. n. n.s. n.s

! Mean of &4 replicates.

2 From total number of eggs.

3

From total adult emergence.
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Test 4,
Duration of Exposure of Parent Weevils to

Seeds for Oviposition

Obvious differences existed in the mean total number of egqgs
laid per female, mean number of eggs laid per female per déy and the
percentage adult emergence (Table 7). Weevils continue to lay eggs
until the 5th day, then egg production declines. Reducticn in eggs
laid after the 5th day could be attributed to age of parent, exhaustion
of eég supply or the deterrent effect of previously laid eggs.

Percentage adult emergence also exhibits the same pattern as the
number of eggs laid. After the 5th day adult emergence declines. This
may be due to less viability of eggs laid later in the parent's life
(Booker, 1967; Utida, 1972) or due to crowding effect. No difference
was found in Test 1 (Table 2) because weevils used in that test were
no older than 3 days. There is no consistency in the percentage of the
active forms produced,, As previously explained in Test 2, this may be
attributed to the fact that experimental conditions did not exceed the
threshold.

From the results of this test it was concluded that weevils need
not be exposed to the seeds for more than 5 days after which they should
be removed and discarded. Egg counting should be delayed until about
the 10th day when larvae should have hatched and bored into the seed,

thus avoiding egg mortality,.
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Table 7. Duration of exposure of parent weevils to seed samples
for oviposition,

Cumulative Mean no. %
mean no. of eggs/ adult %
Days of of eggs/ female/ progeny active
oviposition female day emergence form
1 10. 4 10. 4 87.0 4.9
2 24,5 14,1 80.1 6.2
3 335 9.0 83.3 7.1
b 39.1 5.6 81.5 | 7.6
5 42,6 3.5 84.3 12.9
6 L5, 4 é.8 76.1 4.8
7 48.0 2,6 70.7 4.8
8 48,8 0.8 76.6 6.9
9 4g.6 0,8 78.7 5.8
10 49,9 0.3 69, 1 9,8
LSD (5%) 5.9% _ 2. 7% 8.8 n.s.

Significant difference between means (P - .05).

Test 5,
influence of Previous Oviposition on the
Attractiveness of Beans

Oviposition followed the same pattern as in Test L4 (Table 8). How-
ever, il terminated on the Bth day as opposed to the 10th day in Test 4,
It appeared that in the abscence of any deterrent lactor, all egys are

oviposited in a short time. Furthermore, more eggs were laid in this



test (58.7) than in Test 4 (49.9).

f+7

This more or less supports the idea

that due to previous exposure to oviposition, the cowpea seeds became

less attractive to the weevils.

Table 8. Influence of previocus oviposition on the attractiveness
of beans,
Cumulative Mean no. % Mean
mean no, of eqgs/ adult % develop-
Days of of eggs/ female/ progeny active mental
oviposition female day emergence form period
] 15,6 15.6 88.3 6.1 30.9
2 27.5 11.9 87.2 0.0 30.8
3 39:5 12,1 89.9 1.4 31.3
L : 49,3 9.9 86.3 2.8 31.9
] 54.6 5.3 831 3.1 32.5
6 57.5 2.9 77.5 0.0 33-4
7 58. 4 0.9 1.7 G0 1343
8 58.7 0.6 77.5 10.0 33.0
LSD (5%) 1. 6% 5.74 n.s n.s n.s

A comparison of the two tests is shown in Table 9, with the results

of an analysis of variance.

There were no differences in eggs laid

in the first 2 days of oviposition, but from the 3rd day as larvae

began to hatch and egg shells hardened, seed surface probably became

rough and this may have inhibited oviposition of weevils.

Thus, further

support for the postulaticon made earlier in Test 2 is provided.
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test (58.7) than in Test & (49.9). This more or less supports the idea
that due to previous exposure to oviposition, the cowpea seeds became

less attractive to the weevils,

Table 8, Influence of previous oviposition on the attractiveness
of beans.
Cumulative Mean no, A Mean
mean no, of eggs/ adult % develop-
Days of of eggs/ female/ progeny active mental
oviposition female day emergence form period
] 15.6 15.6 88.3 6.1 30.9
2 27.5 11.9 87.2 0.0 30.8
3 39.58 12.1 83.9 Tt 31.3
L h9.3 9.9 86.3 2.8 31.9
5 54,6 B3 83.1 3.1 32.5
6 57.5 2.9 77.5 0.0 33.4
7 58. 4 0.9 71.7 5.0 §3. 3
8 58.7 0.6 715 10.0 33.0
LSD (5%) 1. 6% 5.7 n.s. n.s. n. 5.

A comparison of the two tests is shown in Table 9, with the results
of an analysis of variance, There were no differences in eggs laid
in the first 2 days of oviposition, but from the 3rd day as larvae
began to hatch and egg shells hardened, seed surface probably became
rough and Lhis may have inhibited oviposition of weevils,  Thus, Turther

supporl for the postulation made carvlier in Test 2 is provided,
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[t also indicates the need to use at least 20 seeds per 3 parent
female weevils since the inhibitory effect of eggs on further
oviposition may mask other non-preference characteristics of secds
present in any one variely.

Both tests also confirm that eggs laid later in parent life were
less viable though no statistically significant difference occurred in
adult emergence in Test 5, |t was also indicated that progeny [rom
eggs laid later in parent life developed slower (Table 8). The absence
of significant difference in percentage adult progeny emergence in
Test 5 as compared to Test 4 may be due lo reduced oviposition per secd
since test insects were offered fresh seeds daily, thus avoiding crowd-
ing effect which probably had an effect in Test 4. Though weevils develop
within secluded cells in the seeds, the more developing within the same
seed, the more limited food would be available to progeny weevil which
in turn would reduce the number of progeny developing into adulls.

Differences occurred also in mean developmental pericd in Test §

(Table 8) although they are not statistically significant.
Screening by Artificial Infestation

Results presented in Table 10 are more or less a measure of the
diversity existing within the two groups of seed samples. Greater
variation existed among the Mississippi varieties as reflected by the
significant differences among our observations on the biology of the
insecl, perhaps because they were 2/ varictics as against 13 from
Nigeria and since the cowpea has tong been a stable food in Nigerio,

varicoties have been cublivated year allter year and selections made
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under similar environmental conditions, thus tending to bring the
different varieties to a competitive level. In contrast, the
Mississippi varieties are collections still maintaining most of
their diversity originating from widely different proveniences.

Although differences exist in seed coat texture these were
not significant encugh to affect oviposition of parent weevils
which oviposited freely on all varieties tested. Oue to the
limited number of varieties examined, it was ﬁot possible to draw
definite conclusions. Resistance as expressed by any mode of action
may be found only in one out of several thousand varieties. This may
then change a whole set.of results,

Teotia and Singh {1966) recorded a higher ratio of females to
males of C. chinensis on more nutritious host seeds than on inferior
diets. Whereas no statistical differences were observed in the pefn
centage of adult female progeny emerging from the Mississippi group,
the contrary was observed in the Nigerian varieties. The only
explanation that can be offered for this discrepancy is the |imited
seed supply.

Percentage of active forms was not significantly different
between varieties; this parameter is considered unrelated to
resistance. |

A form of the weevil much smailer than the normal form was
recorded on some varieties (Plate IV). This form weighed Q.69 my
(average of 100 insects) and was quite variable in size as compared
with the normal Torm (1.8 Lo 2.0 mg). This Torm has also been

reported on soybeans (Partida, personal communication} which is a
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EXPLANAT EON OF PLATE 1V

Upper:  Normal male and Female cowpea weevils,

Lower  Small forms of waevils from some cowpea
varieties.
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poor host plant for the cowpea weevil. Though no significant differences
existed in the number of the small form emerging from varieties collected
from Nigeria, it is considered an important parameter tor measuring
resistance.

Due to the different seed numbers used in the two seed groups
from Nigeria and Mississippi, flaws would be introduced into the results.
Though it was pointed out in Test 2 under ovipositicnal studies that 20,
30 or 40 seeds per box could be used in case of 1imited seed supply,
differences would nonetheless still exist. It is of paramount necessity,
therefore, to employ the same number of seeds throughout the screening
procedure. Inability to do this may explain the discrepancies in results
between seed samples from Nigeria and Mississippi.

The results af the correlation analyses between the differant
obhservations studied are presented in Tables 11 and |2

Seed color did not show any significant correlation with any
observation. There is therefore no color effect an cvipasition or
damage caused by the insect. This agrees with previous observations
of Booker (1967) and Bates (1969,

Occurrence of the active form prolongs the mean developmental
period and the duration of adult progeny emergence. |IL aiso increasos
the mean weight of the progeny weevils since this Torm weighs more
than the nermal form. HNo significant correlation Pt oed B
pereentage ol active forms and mean seed weiglit ar amebes o cyyy
laid per Temale,  tna previous test il was shown that Lhe number ol
the aclive loras increased as more eggs were laid por seed, due Lo

increased number ol parenl weoevils. But in oulr screcning lests



Table 11. Correlation coefficients matrix for seed characteristics
and observations relating te the biology of the cowpea
weevil.! (Mississippi varieties.)

Mean Duration % Mean
Mean develop- of adult adult No. of wl. of
Observa- seed mental progeny progeny , weevils/g progeny
tions weight period emergence emergence of seed weevils
Mean develop-
mental 0. 38w
period
Duration of
adult prog- 0.52%% 0. Lhsor
eny emer-
gence
% adult
p rog'eny 5 0. 725 0.33% 0, 45
emergence
No. of
weevils/g -0.75%% -0, 28%* -0.31% -0. 48
of seed
Mean wt. of
progeny Q. 73+ Q. L& 0. L}}:‘n’.‘ 0. 58:‘::': -0. 763‘;:’:
weevils
% small '
fa I’I‘I‘I3 ~0.57%  -0. 27% -0, 27+ -0, 57 0. 62:‘::’.— -0, (24
% adult
female n.s. n.s, n.s. n.s. n.s. n.s.
progeny
% active N
form3 n.s. 0. 36¥: 0. 39+ n.s. n.s. 0. 30w

e

Significant correlation at 5%.
" gignificant correlation at 17,
n.s. = No signilicant correlation.
Correlation coellicicnts between obscrvalions not lisled are
not signilicant.
2 From total number of COgs.

3 brom total adull cnergence.
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not significant.

From total number ol c¢qygs

From tolal adult emergence.

Table 12. Correlation coefficients matrix for seed characteristics and
observations relating to the biology of the cowpea weevil, !
(Nigerian varieties.)
Mean % Mean
Mean No. of  develop- adult No. of wt, of
Observa- seed eggs/ mental progeny , weevils/g progeny
tions weight female period emergence of seed weevils
Mean develop-
mental n.s. n.s
period
Duration of
S| & e 'S n.s 0. 38x
eny emer-
gence
% adult
progeny =0.37% =0, 30" n.s.
emergence
“No. of
weevils/g 0.38%  0.78% n.s n.s
of seed
Mean wt. of
progeny 0.29%* -0, 35*% n.s. n.s -0.51%
weevils
% small '
form? -0, b 0.60%% n.s -0 L v 0.60%% =0, 36wk
% adult
female n.s n.s n.s. n.s n.s. n.s
progeny
% active
form n.s. n.s Q. 3l n.s n.s. 0,31
® Significant correlation at 5%.
** Significant correlation at 1%.
n.s. = No significant correlation.
Correlation coelficients between observations not listed are



conditions favering crowding, high temperatures and extremes of
photoperiod are being controlled, thus production of the active
form was reduced to a minimum,

The development of insects in seeds depends not only on the
size of the seeds but also on seed compactness and quality. Though
a variety may afford enough quantity of food, the quality may be
such as to delay development. Thus the occurrence of small sized
weevils may be an expression of antibiosis or may be just due to
insufficient food supply due to small seeds. Hence, vwhen more
weevils develop.within seeds of such a variety individuals emerging
tend to be small whereas in a highly susceptible variety that affords
adequate supply of food a high percentage of normal adults emerge
and few small forms, if any, occur (Tables 11 and 12). Resistance
in a variety may be expressed in the production of more small forms
as well as in a reduction in the total adult progeny that emerge
and/or in an extension of the developmental period of the insect
which in turn may extend the duration of adult emergence.

But apparently results in this study do not agree with the
above deductions (Table 11). It appears that when weevils were
offered more suitable varieties in terms of quantity or quality
of seeds, they completed their development in longer time and the
duration of adult progeny emergence is prolonged. This observation
is further supported by the fact that with a higher percentage of
small Torms the mean developmental period and duration of adult

progeny emergence were reduced (Table 11).
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With the above understanding in mind a comparison was made
hetween 6 varieties as to outstanding seed weight, seed damage as
measured by the percentage weight loss after infestation, percentage
aduit progeny emergence, percentage small forms and mean weight of
progeny weevils (Table 13, Fig. 2). Vvarieties Ivu. 201, PI. 292871
and the commercial variety afford ample food for progeny weevils to
develop in, due to a high seed weight. This is most evident in the
commercial variety where the highest percentage adult progeny emergence
cccurred but percentage seed damage was lowest. Thus it appears that
this variety possesses enough nutrient reserves in its seeds to maintain
a high degree of infestation. The high level and susceptibility of
these 3 varieties is further indicated by the near absence of small
progeny weevils,

Table 13, Comparison of 6 cowpea varieties in relation to their
susceptihility of attack by the cowpea weevil,

Mean
% wt. of
Variety Mean adult % progeny
seed wt, Seed progeny small weevils
(mg) damage emergence form (mg)
ivu. 201 162.7 53.0 72.3 0.4 2.0
Pi. 151563 110.6 56.5 4o, s 1.2 1.7
o HBl172 59.0 59. 3 36.1 15. 4 1.5
it 250238 49,9 61.4 38.9 11.4 I.5
" 292871 1741 541 69.0 0.0 2.1
Local 259.7 35.5 78.8 0.0 2.0

Mecasured by percentage loss in seed weight after infestation.
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While it may be argued that the low percentage adult progeny
emergence in varieties Pl. 218122 and PI. 250238 was due to the small
size of seeds (59.9 and 49.9 mg, respectively), this evidently was not
the case in variety Pl. 151563 with seeds averaging 110.6 mg. Seed
damage, though not significantly different in these 3 varieties, it
may be suggested that the higher number of small forms in varieties
Pl. 218122 and PI. 250238 is due to insufficient food gquantity as
a result of small seeds, the latter factor being also reflected in a
low percentage adult progeny emergence. From the almost complete
absence of small forms in variety Pl. 151563 it may be concluded that
the low percentage of adult progeny emergence may be due to some
intrinsic seed factor(s).

In support of the above argument, the mean weights of progeny
weevils were considerably higher in the more susceptible varieties
IVu, 201, Pl. 292871 and commercial (2.0, 2.1, and 2,0 mg, respectively).
Whereas in varieties Pl. 218122 and PIl. 250238 (1.5 mg each) low progeny
weight may be due to small forms as a result of smaller seeds. The
smaller weevils from variety Pl. 151563 (1.7 mg) is unexplained. It
follows therefore that variety Pl. 151563 may possess a degree of
resistance due to antibiosis.

Following up the observed pattern of correlation between seed
size and percentage of small forms, mean developmental period and
duration of adult emergence, respectively, these latter two parameters
as well as percentage active form were considered for six varieties

(Table 14).



62

Table 14. Comparison of mean developmental period, duration of
adult progeny emergence and percentage of active
forms in 6 cowpea varieties.
Mean Duration of
Variety developmental adult praogeny %
period emergence active
(days) (days) form
[Vu, 201 31.4 17.5 6.7
Pl. 151563 32.4 12.3 0.8
Pl. 218122 31.4 12.7 C.8
" 250238 30.7 8.3 0.0
292871 32.9 15.7 3.3
Commercial 32.7 17.0 3.2

No other explanation than crowding effect can be given for this

pattern, confirming the observation that weevils take longer time to

develop and that duration of progeny emergence is prolonged in varieties

that offer more nutrient supply to the insects (iVu. 201, PI.

292871

and Commercial) than in those that offer less either guantitatively or

qualitatively (P1. 151563, PI. 218122 and PIl. 250238).

Vigna unguiculata commonly known as ''cowpeas'' is seriously

SUMMARY AND CONCLUS IONS

attacked both in the field and storage by the weevil, Callosobruchus

maculatus (Fab.).

This study was designed at developing a laboratory

technique Tor scereening cowpea varietices for resistance Lo Lhe weevil

with the hope of detecling varicties wilh some degree ol resistance.
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Preliminary investigations were carried out to determine the
optimum laboratory environment possible for weevil development at
the same time eliminating conditions which might influence the
expression of varietal resistance., Seeds were equilibrated to a
constant moisture content before infestation and all tests were
conducted in a rearing room kept at 80 + 2°F and 67 + 3% RH. The
room is lighted during a 12-hr photoperiod.

A chilling procedure for easy handling of weevils was found to
be most satisfactory to inactivate them, Neither this method nor
the use of CO2 produced observable after-effects on the weevils,

Ovipositional studies revealed best results when three 24-48 hr
old female parent weevils were introduced into plastic boxes 48 mm x
L8 mm x 18 mm, containing 40 cowpea seeds. Twenty or 30 seeds per
box were used. With an increase in parent number, percentage adult
progeny emergence decreased whereas percentage of active form increased.
As a result of a test on the optimal duration of oviposition, a 5-day
period was used; this period minimized the production of the active
form and produced a high enough percentage of adult progeny. Eggs
laid later in life were less viable.

Adult progeny emergence was observed until] the 50th day after
start of infestation to allow for emergence of all active forms but
short of the appearance of a second generation of weevils. Progeny
weevils were oven-dried at 60°C for 6 days before weighing.

It was also shown that previous oviposition of weevils rendcrs

the seed coat less atiractive for further oviposition., This may be
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explained by the behavior characteristics of cowpea weevils in
preferring smooth seed coats to rough ones for oviposition. Thus
non-preference may play a role in varietal resistance.

Thirteen cowpea varieties obtained from Nigeria and 26 from
Mississippi and one commercial variety were subsequently screened by
artificial infestation. Three seed characteristics, mean seed weight,
'.seed coat color, and seed coat texture, and nine observations relating
to the insect's biclogy were studied. Data were analyzed on the |BM 360
computer by analysis of variance to obtain LSD values for multiple
comparisons and correlation coefficients with tests for significance.

Seed coat color had no influence on oviposition. The percentage
of active forms was unreliable as a measure of -resistance. Besides, it
did not show any significant correlation with the seed characteristics
studied. The percentage adult female progeny did not show any significant
variation.

The other observations, mean seed weight; number of eggs per female;
mean developmental period; duration of adult prégeny emergence; per-
centage adult progeny emergence; number of weevils/g of seed; mean weight
of progeny weevils and percentage of "'small forms'' were significantly
different between varieties.

A form of the weevil designated as the "small form'' in this study

was observed in certain varieties, This form weighed less than half

the normal form of the weevil (0.69 mg as compared to 1.9 mg, respec-
tively). It occurred more in smaller than in larger seeds and correla-
tion between secd size and Lhe proportion ol small forms was signifi-

cantly negative. While a resistant variety may prolong or arresl the

development of an insect, antibiosis may also be expressed in the
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production of individuals of reduced weight or of malformed types.
This phenomenon may be due to either insufficient food quantity or
quality. The correlation between percentage adult progeny and
percentage of small forms was also significantly negative.

A comparison was made between 3 varieties with the highest
percenfage adult progeny but the lowest percentage small form
and vice versa, It was suggested that the low percentage adult
emergence and high percentage of the small forms in varieties
Pl1. 218122 and P1. 250238 was due to small seeds. For variety
Pl. 151563, 40.5% adult progeny emergence did not differ signifi-
cantly from 31.1% and 38.9% of the former two, respectively, but
it produced only 1.2% of the small forms as against 15.47 and 11.47.
It is suggested that variety Pl. 151563 possesses characteristics
which confer some degree of resistance. Varieties P}. 292871,

IVu, 201 and the local variety were highly susceptible.

However, since only a limited number of varieties were screened
to test the suitability of the methods rather than to find a whole
range of different types of resistant cowpeas, results obtained so
far are by no means conclusive. Although statistical analyses offer
generalized conclusions, it is possible that one desirable variety
may be ''hidden'' among several thousands. It is necessary to examine
a more representative sample of the world germplasm for conclusive
deductions about the different combinations of resistance modalities
and extreme expressions of resistance occurring naturally. U would
Le challenging to Tarther analyse Lhe contribulions of scveral seed char-

acterislics lo resistance by crossing ol variclies and studying Lhe



segregating offspring as to correlation between characters and

expression of resistance.
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List of 40 cowpea varieties screened for resistance to
attack by Callosobruchus maculatus

{dentification Source Pedigree Growth Matu-
Number 9 habit rity
2
Ivu®™ 32 1. T.A, lran Grey sU 63
(Nigeria)
H 37 " Pale Green su 62
H 57 g New Era (169) E 57
. 72 i 59-25 su 65
h 74 " Kwara Exkwai-C, 5U 6l
68003
H 76 I Prima, Improved
West-bred-68006 - -
i 176 i £ 5723-11, 64021 su-E 58
o201 " California Blackeye su 64
Ga, 64056
i 256 i 58-115-3, 6414] su 67
1 335 o Jebba Pea B, 64243 su 57
Ll 352 H C 239, 64272 su 57
” 354 " Hanbru-58-123 su 58
11 ]283 1 = - @
PL. No.3 115674 Mississippi Hen Me E 87
(U.S.A.)
" 151563 n Frijolitos Cabe lta Hb 82
Negra
X 162924 X Tape Hb 87
b 162925 " - Lh 87
", 186458 g - Lb 82
I 188704 13 - Hb 102
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ldentification P — Batl] grew Growth Métu—
Number habit ity
Pl. No. 208845 Mississippi - E 82
(U.S.A.)

" 211111 " - Lb 102
X 214069 " - Hb 82
L 218122 . Lubia E 71
L 218123 B Lubia Hb 71
" 220849 H Lobia-1-Surkh Hb 82
< 225921 ! & Hb 7h
d 250238 1 - £ 7h
K 255811 8 & Lb 82
H 270065 bl Rambo Hb 82
" 292871 " & Hb 136
1" 292895 " = Hb 82
4 292908 a _ E 62
" 293448 i Alabama Browney Hb 87
n 293464 L Blacks E 87
" 29&53i " Large Black Hb 87
i 300171 It New Era Lb 120
U 302457 " = E 82
I 312203 I Fijol Del Casti La Lb 87
u 315750 . Combine Pea E =

Commercial - - - -

I From date of planting to first mature/ripe pod.

2 Jyu = Internalional Vigna unguiculata,

3 Pl. No. = Plant Introduction number.

E = Erect; su = Semi-upright; Hb = High bushy; Lb = Low bushy.
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Scoring system for seed coat color

Color Score
White 1.0
Cream 2.0
Speckled white or cream 3.0
Tan Lo
Brown 5.0
Mottled brown or tan 6.0
Black 7.0
Mixture of more than two colors 8.0
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Scoring system for seed coat texture

Seed copat texture Score
Smooth 1.0
Slightly smooth 1.5
Rough 2.0
Stightly wrinkled 2. 5
Wrinkled 3.0
Stightly depressed 3.5
Depressed 4.0
Cracked 5.0
Mixture of smooth and wrinkled 6.0
Others 7.0
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This study was to develop a laboratory technigue for screening

cowpea varieties for resistance to the cowpea weevil, Calloscobruchus
maculatus (L.) Walp.

In preliminary investigations the best environmental conditions
for weevil development were tested to eliminate conditions which
might influence and alter the expression of varietal resistance.
Seeds were equilibrated to a constant moisture content before
artificial infestation.

Ovipositional studies revealed best resulls when Lhree female
parent weevils 24-48 hours old were introduced into plastic boxes
48 mm x 48 mm x 18 mm containing 40 cowpea seeds. However, 20 or 30
seeds may also be used in case of seed shortage. All tests were
conducted in a rearing room at 80 + 2OF and 67 + 3% RH.

Due to previous oviposition the seed coat became less attractive
for further oviposition.

Forty cowpea varieties were screened by artificial infestation.
Three seed characteristics and nine parameters relating to the biology
of the weevil were studied. Seed coat color did not influence ovi-
position and the occurrence of the active form was unpredictable.
Percentage adult female progeny did not show any significant variation.
Other characters studied differed significantly between varieties.

In cur study we observed in certain varieties a ''small form"
which weighed less than half the normal form.

Results oblained indicated that varicelies P 29787F, 1vu. 20
and The commercial varicety werve highly susceptible while varicly

Pl. 151563 showed some degree of resistance.



