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Abstract

The efficacy of an integrated pest managementegsatitiizing varietal resistance
and neem Azadirachta indicaseed oil (NSO) for the control of the two bruchid
species,Callosobruchus maculatusnd Callosobruchus subinnotatusyintly infesting
bambara groundnuts in West Africa, was evaluatedarrluctuating conditions of
temperature and humidity (20-20 and 18-54% r. h.). Three local bambara
groundnut cultivars (Bakingangala, Angale and Buimdwith varying levels of
susceptibilty to infestation by these two bruclsjgecies were treated with three
dosages (0.5, 1.0 and 1.5 mg/20 g seed) of neahodletn each of the bambara
groundnut cultivars, application of NSO especialtyh e rates of 1.0 and 1.5 mg/20g
seed reduced egg-laying, adult progeny developmententage of seeds damaged
by C. maculatusind C. subinnotatysseverity of damage (number of adult emergence
holes per seed) and susceptibility of the bambacaugdnut cultivars significantly
when compared to the levels of these parameteraireated seeds. Atthe dosage of
1.0 mg/20 g seed, treatment with NSO reduced stisitigpof Bakingangala, Angale
and Bulmono to C. maculatus infestation by 85.2394nd 100%, respectively;
comparable figures for reduction of susceptibibfy Bakingangala, Angale and
Bulmono toC. subinnotatuinfestation were 75.0, 85.6 and 100%, resp ectivity
this application rate also, the proportions of dagea seeds were 24.8, 10.6 and 0.0
for Bakingangala, Angale and Bulmono, respectivelymparable values for
untreated seedswere 100,96.3 and 82.4%, resphctNo adult progeny of either
species developed and no damage occurred in sdeflsgale and Bulmono that
were treated with 1.5 mg of NSO.

Keywords: Integrated pest managemedgllosobruchus maculaty€allosobruchus

subinnotatus pest complex, host-plant resistance, botanicaecicide, neem
(Azadirachta indica seed oil

Introduction
Bambara groundnutyigna subterranea(L.) Verdcourt, is a major source of cheap

detary phytoprotein for both humans and livestackthe sudano-saheian parts of
tropcal Africa and Asia (Selschop 1962; Stantenh al 1966; Linnemann 1994).
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World annual production of bambara groundnut wasnated at 330, 000 tonnes in
1982, with about half being produced in the savaareas of West Africa (Coudert
1984). Although accurate production figures for tlast decade are not readily
avaiable (Lale and Vidal 2000), FAO, (1999) estedacurrent production figure for
Africa to be about 43, 321 metric tons. It is wdelltivated and eaten in Nigeria, the
most mportant producing areas being located in gheanna (Agboola 1979), but the
crop is ako grown in some parts of the more hwuigth. Nigeria is a major producer
of the crop and accounts for 70% of the world'suahrproduction (Sellschop 1962;
Rachie and Sivestre 1977; Blaedeal 1997).

Bambara groundnut is often infested concurrenthyMest Africa by two species of
Bruchidae,Callosobruchus maculatu@-.) andCallosobruchus subinnotatu® ic).
These bruchids commence infestation in the feldeobambara groundnuts have been
harvested and left to dry. Although, the level oéldf infestation is usualy
insignificant (Ofuya 2001), the bruchids expand population rapidly in storage and
cause substantial quanttative and qualitative eossanifested by seed perforation,
and reductions in weight, market vaue and gerriigabf seeds (Prevett 1966; IITA
1989; Dike 1994).

Reports on the management of these bruchids icdrogiorage have focused manly
on the employment of single strategies including tapplicaton of plant-derived
insecticides and the use of resistant varietiésfrsl of bambara groundnut.
Although some reports of the combination of thes® strategies for the control of
these bruchids are available n the lterature. (eaje and Mustapha 2000; Ajayi and
Lale 200la), they are results of work done on tee of integrated tactics for the
control of single bruchid species. Most farmerstha tropics are resource-poor and
the use of integrated methods of pest managemettieatontrol of a pest complex is
ikely to be more economical In this study, theteptal of combining available
varietal resstance in local culvars of bambaraugdnut and neemAgadirachta
indica A. Juss) seed ol for the pint control of the tiarachids was evaluated.

M aterials and M ethods

Insect rearing and sources of bambara groundn utivars
Batches of pristne bambara groundnuts (cv. Bulhoaod cowpeas (cv. Bomo
brown) were obtained localy in Maiduguri in thertheastern part of Nigeria and

used to rear laboratory cultures Gf subinnotatusand C. maculatus respectvely,
under prevaiing laboratory conditons (20Q7 and 1854% r. h.). The experiment

was also conducted under these conditions.

Three cultivars (Bakingangala, Angale and Bulmoob)bambara groundnut obtained
drectly from farmers in Maiduguri and environ, wersed for the study. These
cultivars were previously reported to have varysusceptiblites toC. maculatus

Angale and Bumono were identified as slghty spsible whereas Bakingangala
was identified as moderately susceptble (Ajpyi bat 2001a).

Experimental procedure

Neem seed ol (NSO) extracted previously from degm seeds using the tradtional
kneading method, was used to treat seeds of tlee tbambara groundnut cultivars.
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Three dosages (0.5, 1.0 and 1.5 mg) of NSO weréedmeparately in 0.2 ml of

analytical grade of acetone to 20 g of seeds 2bg.50 and 75 mgkg seed) of each of
the three culivars of bambara groundnut n 100glmés prs. Treated seeds were
stired with a gass rod untl seeds were uniforrolyated and until the acetone
completely evaporated. Control seeds were treatid W2 ml of pure acetone and
strred as described previously. The experiment veas up as a Randomized
Complete Block Design in which treatments werdaagld three times.

Two pairs of 2-day oldC. maculatusand C. subinnotatuswere then introduced
together into each glass jar wih the aid of a go@nd the female bruchids were
alowed to lay eggs for 5 days. On day 5, all itseeere removed and the eggs kid
on seeds by the females of both species in eaclwegae counted together (it s not
possible to distingush the eggs of the two speci@slut progenies of both species
that developed were counted separately and the emuoibdamaged seeds in each jar
was ako counted. Counting of emerged adults was daily for each of the speces.
Aduits of the two species were distingushed byinglon ther body sizesC.
subinnotatuds at least twice the size Gf. maculatus The number of damaged seeds
(seeds bearing adult emergence holes) was expressedl percentage of the total
number of seeds in each replicate. Severity of dam@umber of aduk emergence
holes per seed) was obtained by dwvidng the numdfeemergence hokes by the
number of damaged seeds. Susceptibility ndex (@p determined separately for
each of the bruchid species and for each bambamadynut cultivar according to the
method of Dobie, (1974) and is given as:

Sl = L&bg x 100D

where F; is the total number of emerging adults dddthe median developmental
period (estimated as the time from middle of oviposto the emergence of 50% of
the F1generation).

Data obtained were subgected to two-way analysisvaiance and means were
compared using the Least Significant Difference ) Sstatistic at the 5% level of
probability.

Results

Tabk 1 shows thaf. maculatusandC. subinnotatudaid significantly fewer eggs on
seeds of the three bambara groundnut culivars wieae treated wih each of the
dosages of NSO than they did on untreated seegsificBntly fewer adult progenies
of either bruchid species developed in treated thamtreated seeds (Tables 2 and 3).
No adult progeny of either species developed ndsed Angale or Bumono that
were treated with 1.5 mg of NSO; also no adult gmggof either species developed in
seeds of Bumono that were treated with 1.0 mg 8ON In treated seeds, Bumono
supported significantly fewer adult progenies othesi species than Angak or
Bakingangala and in the case Gf maculatus (Tabke 2), significantly fewer adult
progenies developed n seeds of Angale than ire tbb8 akingangala.

Treatment of the three bambara groundnut cultiwaith NSO significantly reduced
the percentage of seeds damagedCbynaculatusandC. subinnotatusNo damage
occurred in seeds of Angak or Bulmono that weeatéd wih 1.5 mg of NSO and in
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the case of Bulmono, no damage occurred in seedsed with 1.0 mg of NSO as
well (Table 4). In untreated seeds, the proportiaisdamaged seeds after one
generation of the bruchids were 100, 96.3 and 82fdfoBakingangala, Angale and
Bulmono, respectively. Sewverity of seed damage wigdficantly higher in untreated
seeds of each bambara groundnut cuttivar than adssdreated with each of the
dosages of NSO (Tabk 5). Susceptibiity of bambgm@undnut cultivars that were
treated with NSO to infestation . maculatusor C. subinnotatuswas reduced
significanty when compared to the level of thiggmaeter in untreated seeds (Tables
6 and 7). Bulmono maintained consistent suscéptitd both bruchid species as
indicated by the susceptibiity indices (SI) valubsing 6.8, 0.6, 0.0 and 0.0 for
untreated seeds and seeds treated with 0.5, 1.A.&nahg of NSO, respectively. At
the dosage of 1.0 mg/20 g seeds, treatment with N8ddced susceptibiity of
Bakingangak, Angale and Bulmono @ maculatusinfestaton by 85.2, 91.3 and
100%, respectvely; comparable figures for redoctioof susceptbity of
Bakingangala, Angale and Bulmono @ subinnotatusinfestaton were 75.0, 85.6
and 100%, respectively.

Table 1. Mean number of eggs laid jointly by Callosolruchus maculatus and C.
subinnotatus on seeds of three bambara groundnut cultivars treated with neem

seed oil

fage of neem seed ol (My20 g seed)

Bambara

groundnut culivar 0 05 1.0 15
Bakingangala 172.0 75.7 60.3 50.3
Angale 111.0 75.0 60.0 33.7
Bulmono 163.3 105.7 85.0 457

Std. errol = 125, LSD (0.05) = 26

Table 2. M ean number of Callosobruchus maculatus adults emerging from seeds

of three bambara groundnut cultivars treated with neem seed oil and infested
simultaneously with C. subinnotatus

Dosage of neem seed ol (mg/20 g seed)

Bambara

groundnut culivar 0 05 1.0 15
Bakingangala 61.0 7.3 37 0.7
Angale 37.C 9.7 1.C 0.C
Bulmono 15.7 0.3 0.0 0.0

Sid. erro =53, LSD (0.05) = 11

Table 3. Mean number of adults emerging from seeds of three bambara
groundnut cultivars treated with neem seed oil and infested simultaneously with
Callosobruchus maculatus and C. subinnatatus

Dosage of neem seed ol (mg/20 g seed)

Bambara

groundnut culivar 0 0.5 1.0 15
Bakingangala 55.3 2.3 2.7 0.3
Angale 48.3 16.0 17 0.0
Bulmonc 14.: 1.2 0.C 0.C
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Std. erro =6.6, LSD (0.05) = 13.6

Table 4. M ean percentage of seed damage in three bambaragroundnut cultivars
treated with neem seed oil and infested simultaneously with Callosobruchus
maculatusand C. subinndatus

Dosage of neem seed ol (mg/20 g seed)

Bambara

groundnut culivar 0 0.5 1.0 15
Bakingangala 100 32.6 24.8 51
Angale 96.3 74.8 10.6 0.0
Bulmonc 82.4 7. 0.C 0.C

Std. erro =5.8, LSD (0.05) = 12

Table 5. Mean number of Callosobruchus maculatus and C. subinnotatus adult
emergence holes per seed in three bambara groundnut cultivars treated with
neem seed oil

Dosage of neem seed ol (Mg20 g s

Bambara

groundnut culivar 0 05 10 15
Bakingangala 55 13 12 0.7
Angale 3.8 15 0.7 0.0
Bulmono 1.8 1.0 0.0 0.0

Std. erro =0.5, LSD (0.05) = 1.1

Table 6. Mean susceptibility indices of three bambara groundnut cultivars
treated with neem seed oil and infested with Callosolbruchus maculatus in a
mixed populaion of C. subinnotatus

Dosage of neem seed ol (mg/20 g seed)

Bambara

groundnut cultivar 0 05 1.0 15
Bakingangala 12.8 54 19 0.0
Angale 104 6.4 0.9 0.0
Bulmono 6.8 0.6 0.0 0.0

Std. erro =1.0, LSD (0.05)= 2.2

Table 7. Mean susceptibility indices of three bambara groundnut cultivars
treaed with neem seed oil and infested with Callosdbruchus subinnaatusin a
mixed population with C. maculates

Dosage of neem seed ol (mg/20 g seed)

Bambara

groundnut culivar 0 05 1.0 15
Bakingangal 11.2 2.€ 2. 0.C
Angale 104 7.3 15 0.0
Bulmono 6.8 0.6 0.0 0.0

Std. erro =0.7, LSD (0.05) = 1.4
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Discussion

The resuks show thal. maculatusand C. subinnotatustogether laid higher numbers
of eggs on untreated seeds of the three cutMalmmbara groundnut than on NSO-
treated seeds. This may suggest that reductiorvigbsiion is unikely to be a major
mechanism employed by any of these cultivars tstr@gestation. The application of
NSO at the three rates reduced adult progeny geveltt n these cutivars
signficanty and wih respect to Angak and Bulmono aduk progeny developed in
seeds treated with 1.5 mg of NSO. Also no aduliggmp developed in seeds of
Bulmono that were treated with 1.0 mg of NSO. Is leen reported previously that
the populaton of bruchids that devebps in graguines depends amongst other
things on the number of eggs intially present kDand Credland 1984; 1986). The
mean numbers of eggs kid jointly by the two sjgeocle Bakngangala seeds that were
treated with 0.5, 1.0 and 1.5 mg of NSO were #0733 and 50.3, respectively; those
for Angale treated with identical dosages of NSOrew#b.0, 60.0 and 33.7; and those
for Bumono were 105.7, 85.0 and 45.7, respectif€gble 1). However, only small
proportions of these eggs dewvelbped into adultgmieg of both species. For nstance,
in Bakingangala, the proportons of eggs of botlecys that devebped into adult
progenies in seeds that were treated wih 0.5ad4d)1.5 mg of NSO were 12.7, 10.6
and 2.0%, respectively. In contrast, 67.6% of tiggselad on untreated seeds of
Bakingangala developed into adult progenes of bstiecies. These observations
show that successful infestation is also determimgdhe number of eggs that hatch
as well as the number of first instar brvae that able to penetrate the cotyledons.
Interfering with any of these processes, as thdcafg of NSO and the use of the
inherent resistance in bambara groundnut cukhdos leads to a reduction of the
population of the bruchids and the degree of seedade (Lale and Mustapha 2000).
Application of NSO reduces infestation and damageulse seeds by increasing the
level of mortality of eggs and first nstar larvae the surface of the seeds (Lale and
Abdulrahman 1999; Lale and Mustapha 2000).

Furthermore, partially or completely resistant nvas of bambara groundnut are
known to contan toxic chemical factors in theiredecoats and/or cotyledons which
confer some resistance to bruchid attack (Mbat&;18§yi and Lale 2001a). Their
cotyledons contain trypsin inhibtors which integewith the activity of proteolytic
enzymes in the digestion of nutrients obtained dsyal bruchids and this causes their

mortalty. Owusu-Domfeh, (1972) reported that raambara groundnut demonstrated
a much higher trypsn inhibtory activty than rasowpea. Trypsin nhbitor in both

reduced and native forms has been identfied frammdara groundnuts (Martino-
Ferrer and Ferrer 1983). The integraton of apjicaof NSO and use of partially
resistant bambara groundnut culiivars resutted inpossible synergism that may
provide sustainable management of bGthmaculatusand C. subinnotatusinfesting

bambara groundnuts n tropical storage. In additbeir jont use in bruchid control

would be likely to delay the emergence of biotypésthese bruchids that are capable
of breaking down resistance n bambara groundniivacs or strans ofC. maculatus
andC. subinnotatusvith resistance to NSO.

The rates of applcaton of NSO that have providelquate control of these two
bruchid species are considerably lower than thectfé rates that were reported
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previously forC. maculatusin cowpeas which ranged between 50 to 100 mgted s
and 75 to 150 mg/10 g seed (Lale and Abdulrahm&9)19he smooth testate of
bambara groundnut culivars are known to contritiatethe lowering of application
rates by allowing a more even distrbution of thieon the surface of the seed. This
provides a greater opportunity for the eggs anfifst instar krvae to make optimal
contact with insecticidal plant ois than the rough wrinkled testae of cowpea
cuttivars/varetes (Ajayi and Lale 2001b). Low lmgiion rates should reduce the
prospects of NSO contaminating treated seeds.

Numbers of adut emergence holes per seed were3.8.&nd 5.5 for untreated seeds
of Bumono, Angale and Bakingangala, respectively. NSO-treated seeds, the
number of adult emergence holes per seed ranged Gr@ to 1.5. At the application
rate of 1.5 mg/20 g seed, however, no damage eccur seeds of Angale and
Bulmono and no damage occurred in seeds of Bultimiowere treated with 1.0 mg
as wel. These observations imply that bambarandraut seeds protected with NSO
especially at the rate of 1.5 mg/20 g seed ary likebe more useful sources of seed
for the farmer than unprotected seeds. It has bejmted, for instance, that lbsses in
seed germinaton due t0. maculatusattack reached 100% for grains with 4 holes per
seed (Santos 1971). Fewer number of holes wildopired to cause total failure in
seed germination in the event of nfestation of @& groundnuts byC.
subinnotatuswvhich s known to be at least three times the dfie. maculatusand, it

is possibe that t may consume nearly three tithesamount of food that eadd.
maculatudarva is capable of eating.
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