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chinensis (Coleoptera : Bruchidae) on cowpea seeds
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ABSTRACT

A laboratory experiment was conducted to investighe insecticidal activities of seven plant
materials namely: citrus leaf powder (CLP), Acat@af powder (ALP), Occimum leaf powder
(OLP), mahogany bark powder (MBP), hot pepper powtHP), ginger powder (GP) and
mahogany wood ash (MWA); and a synthetic inseejcmrimiphos-methyl dust (PMD) as
check. The objective of the study was to investighe comparative efficacy of the plant
materials and PMD in the suppression of Callosobug chinensis. developmental durations
and damage in cowpea seeds. Plant materials waakiaed at 1 g/20 g cowpea seeds (0.1 g
PMD/20 g cowpea seeds). The experiment was laidiroat completely randomized design
replicated four times. The results showed that MW&s more effective in causing adult C.
chinensis s mortality, but CLP was significantly<(F05) more effective in reducing adult
emergence, percentage hatching inhibition rate padcent holed cowpea seeds. There were no
significant differences among treatments on nunobbeggs lai d and developmental durations of
C. chinensis s. Application of CLP at the rate 6f §'kg of cowpea seeds is therefore be
recommended for the control of C. chinensis devatg and damage to cowpea seeds while in
storage.

Key words: Callobruchus chinensj8ruchid, Storage pest.

INTRODUCTION

The growth of agriculture based economies of wddgend on the sustained supply of quality
seed. Thus, it becomes essential to protect tha fsem insect pests during storage. Synthetic
organic insecticides have played a major role ist gentrol. However, their increasing use in
recent years has created a range of ecologicalgmsbsuch as bio-magnification, resurgence
and the development of insecticide tolerant strafrgest species.Insect pests have been reported
to be the single most important constraint to cavpeduction in most parts of India (Booker,
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1965; Jackai and Daoust, 1986; Sirgglal, 1990; Karunget al, 1999) accounting for the low
annual harvest of the crop. Two bruchBtuchidius atrolineatusind Callosobruchus chinensis
have been reported to be the most economically rif@apbinsect pest species attacking stored
cowpea in the sahelian zone of West Africa (Huigredral,1985).C. maculatuslone accounts

for over 90% of the damage done to store cowpedssieg insects (Caswell, 1981). Infestation
of stored cowpea b¢. chinensisusually starts in the field before harvest, witk fiest being
carried into the stores. In Rajasthan, it has estimated that as much as 10% of the cowpea
crop may be damaged before it goes into storagetladnfestation builds up rapidly. After
about 8-9 months, losses may be as high as 87%elled and 32% in unshelled cowpea. Singh
(1977) reported 100% loss of cowpea @y chinensisvithin 3-5 months of storage. Farmers
have been reported using banned and highly toxematal insecticides in their quest to protect
their agricultural products, including stored coapseeds against insect pests. Some of the
known side effects of using chemical insecticideslude increased costs, handling hazards,
residue problems and development of tolerance bwtdd insects (Bankst al, 1990).
Therefore, control of storage insect pests usingidants or residual insecticides should be
discouraged (van Huis, 1991), and this necessititedsearch for alternative sources for the
containment of storage insect pests (Dike and Nish#997; Yusukt al, 1998). In other words,

an option that can produce satisfactory resulnimeceptable and feasible manner to the farmers
is necessary to achieve the desired goal. For tleevuse of plant products appears to hold the
greatest hope for increased cowpea production.eTisea lot of traditional local knowledge on
the use of plant materials in storage protecti@mé& of this knowledge has been neglected over
past decades. However, there is an increasingesttand necessity to re-visit such knowledge
(Stoll, 2000). This research was therefore, desigoestudy the effect of seven plant products
and a synthetic pesticide on the controlGfmaculatusand suppression of its developmental
durations in stores cowpea seeds.

MATERIALSAND METHODS

Preparation of cowpea seeds

Cowpea seedVfgna unguiculata was fumigated for 24 hours with phostoxin befdhe
commencement of the experiment in order to kill amsect pest present. The seeds were then
exposed for 48 hours to get rid of the gas and thewed with a 2mm sieve to remove dead
insects, exuviae and frass. These seeds were #uieginto polythene bags and later used for
the experiment.

Sour ce and culturing of test bruchids

The test bruchid Gallosobruchus chinensig)ere collected from previously infested cowpea
seed purchased from Muda—Lawal market in BaudheyTwere brought to the laboratory and
cultured on a white cowpea varietgananadoat ambient temperature and relative humidity.
Twenty pairs of male and femat: chinensisdults were introduced into earthenware pots each
containing 1 kg of the cowpea seed. The technigseribed by Bandara and Saxena (1995) for
sexing and handling of bruchids was used in theeexyent. The pots were then covered with
fine mesh cloth fastened with rubber bands to pretlee contamination and escape of insects.
Seven days were allowed for mating and ovipositidre parent stocks were sieved out and the
cowpea seeds containing eggs were left undistutbed the new adults emerge and the
subsequent F1 progenies from the cultures were fosélde experiment.

296
Pelagia Research Library



Ravinder Singh Adv. Appl. Sci. Res., 2011, 2 (2):295-302

Table 1: List of experimental plantsand parts used against C. chinensis

Scientific name of plants Common Name Family Partsuse
Citrus sinensi®sbeck Sweet orange Rutaceae Fruit Peel
Occimum basilicunh. Sweet Basil Labiataceae Leaves
Acacia nilotica(Linn.) Babul Fabaceae Leaves
Capsicum frutescens L. Chilli pepper Solanaceae itsru

Zingiber officinaleRosc. Ginger Zingiberaceae Rhizome

Khaya senegalensis Mahogany Meliaceae Bark
Khaya senegalensis Acajou Mahogany Wood ash

Preparation of test plant materials

The plant materials evaluated for insecticidal\aitiagainstC. chinensisthe parts used and
other pertinent information are provided in TableThe fresh leaves of basil aAd¢aciawere
obtained from plants growing in different locaticatsSikar. They were shade-dried and ground
into powder using a laboratory mill. Each plant el was kept in separate plastic bag until
needed. Fruits of chilli, rhizomes of ginger andraye fruits were purchased from Sikar markit
The fruits of chilli and rhizomes of ginger weraedt and milled as previously described, while
the orange fruits were peeled using a sharp kiiiie. peel was also dried and milled into fine
powder. Wood of Mahogany was obtained and the hak stripped off. Both bark and wood
were shed-dried. The dried bark was pounded intallemparticles using laboratory pestle and
mortar, before milling into fine powder. The driethhogany wood was burnt to ashes. After
cooling, the ash was placed in sealed glass jar@¢went the absorption of air moisture. Each
plant product was labelled and kept. The pirimiptmsthyl dust (Actellic 2%) used in the
experiment was purchased from the Jakhar Agricallttupply Company (JASAC).

Experimental layout and design

Each powdered plant product was admixed at theofalg test material per 20 g cowpea seed (5
per cent w/w) in a 9 cm—wide Petri dish. Pirimiphoethyl dust (PMD) was applied at the rate
of 0.1g per 20 g cowpea seed (0.5% w/w). There avasntrol treatment which did not contain
any insecticidal material. A total of thirty six tHedishes were used in the experiment. Two pairs
of C. chinensiswere introduced into each of the Petri dishes. fimeats were laid out in
completely randomized design replicated four tim@wiposition was monitored daily, by
counting the number of eggs deposited on the seedisr a dissecting microscope. In the first
six days of confinement, dead adults were replaeglgt and on the seventh day, all adults (alive
or dead) were removed. Developmental period wastedun days from the date when 50% of
all eggs were laid to the date when 50% adult eate(iylueke, 1985). Emergence of adults was
monitored and recorded daily; the total numberméred adults was expressed as a percentage
of the total number of eggs laid and was calculatdg the formula:

Percentage eggs hatched = Total egg hatched / dggalin each Petri dish x 100

Percentage inhibition rate (IR%) was calculatechgighe formula after Rahman and Talukder
(2006):

IR% =Cn-Tn/Cn x 100

Where: Cn = number of insects in control dish; Tmumber of insects in treated dish.
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Extent of seed perforation was quantified by cawuptihe number of cowpea seeds with exit
holes in each Petri dish. The percentage seed damasg based on 100 seeds counted out from
the 20g of test samples in each Petri dish. And sd@th typical “emergence hole” was counted
as damaged. Percentage seed damage was detersimgthe formula:

No. of seeds with insect holes / 100x 100/ 1

Data analysis

Frequency of replacement data, oviposition, a@ultchinensisand exit hole counts and the
developmental durations having low counts and zahees were transformed € 0.5) before
analysis of variance (ANOVA) while treatment effigacriteria expressed as percentages were
arcsine—transformed prior to the analysis. Sigaifity (P< 0.05) different treatment means were
separated by Student— Newman-Keuls test usingt#tistgcal analysis system (SAS) software
(SAS, 2000). 47.

RESULTSAND DISCUSSION

Effect of powder and ash of plant materials and pirimiphos-methyl dust on the survival
and reproduction of C. chinensis Mortality of adult C. chinensis:

The result as presented in Table 2 shows that ipihiosmethyl dust (PMD) was more effective
in causing mortality of adulE. chinensisvith 26.75 dead adults replaced and was signifigant
different from mahogany wood ash (MWA, 14.75). Tlkast effective treatment was ginger
powder (GP, 7.25), although, it was not signifitamifferent from the rest of the treatments,
including the control.

Fecundity: Data recorded on mean number of eggs/20g cowpels seshown in Table 2. The

result showed that treatment means were not sigimifly different from each other, although
control treatment had the highest (166.75) whileDPMcorded the lowest (143.25) number of
eggs per 20 g cowpea seeds.

Emergence of adult C. chinensis Treatments containing plant materials or PMD reedrd
significantly lower number of emerged adults coneplato the untreated control (Table 2).PMD
recorded the least mean emerged adult (22.25) asditve most effective treatment in terms of
reduction in mean emerged adult, although that messignificantly different from citrus peel
powder (CLP). These two were followed in effectigss byAcacialeaf powder (ALP), which
was found to be statistically same with MWA. Thadeeffective plant material was GP (67.00),
but differed significantly from what was observedhe control.

Hatching inhibition rate: The highest percentage hatching inhibition rate.GB%) was
recorded in PMD (Table 2), but was not significandifferent from CLP. These two were
followed by MWA (63.58%), which was statisticallaree with ALP. The lowest percentage
hatching inhibition rate was recorded in GP (44.85%

Development period of C. chinensis: The result as shown in Table 2 indicates thateatment
means were not significantly different from one tieo, even though the highest development
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eriod was recorded by GP (35.00 days) and the Io{@4s75 days) by mahogany bark powder
(MBP).

Per centage cowpea seeds with holes:

Treatments with plant materials and PMD recordegdicantly (P<0.05) lower per cent holed
cowpea seeds compared with the control (Table @yvdder, PMD was the most effective with
11.0% holed cowpea seeds, followed by CLP(15.8%j)¢chvwas not significantly different from
MWA. Hot pepper powder (HPP) was the least effeciiv protecting cowpea seeds against
damage byC. chinensisvith 39% holed cowpea seeds.

Effects of treating cowpea seeds with plant materials and PMD on adult mortality,
oviposition and adult emer gence

The present study showed that PMD and MWA had ifjledst insecticidal properties agaiist
chinensis This showed that MWA could be successfully usedtie control ofC. chinensisand
may even replace the synthetic insecticide. Thectffeness of MWA againsEitophilus
zeamaisinfesting stored maize had earlier been reportedrbguf et al (1998). Golob and
Webley (1980), Goloket al. (1982) and Cobbinah and Kwarteng (1989) also repothe
effectiveness of ashes of several plants usedaas grotectants against various stored products
pests, including. chinensisThe synthetic insecticide, PMD was superior teeotreatments in
reducing the number of eggs laid 8y maculatudollowed by CLP. Hence, CLP proved more
effective compared to other plant materials. Egrlisale and Mustapha (2000) reported the
superiority of PMD in reducing oviposition d. chinensisin treated cowpea seeds. The
effectiveness of CLP in reducing oviposition coulsk attributed to the presence of
volatile/essential oils such as citral, limonengirgene and fenchon; and aromatic compounds
such as terpineol and bisabolene, which have alicibxic and deterrent effects on stored
products Coleoptera and other insects ( Dushla®®9;1 lwualaet al, 1981). Similarly,
Oparaeke and Daria (2005) reported tBgrygium aromaticumpowder significantly prevented
oviposition ofC. maculatusElhag (2000) reported that pulse treated \WRHlazya strictdeaves,
neem seeddsieliotropium bacciferunaerial parts and citrus peels acted as highesbsiipnal
deterrents out of nine plant materials tested. I&8mnesults were obtained using other spices such
as African nutmeg, clove, garlic, chilli pepper ast African black pepper powders (Su,
1977; Onu and Aliyu, 1995; Oparaeke, 1997). Theefemumber of eggs laid on cowpea seeds
treated with the plant materials could be as altre$thigher mortality ofC. chinensisthereby
disrupting the mating and sexual communicationg@sas deterring females from laying eggs.
The present study showed that the effectivene®MiD was similar to CLP in reducing the
number of C. maculatusadults emerged. The latter was therefore, the raffsttive plant
material, followed by ALP and MWA. The present warroborates that of Oparaeke and
Daria (2005), who found that clove powder reduced¢ampletely inhibited emergence of F1
and F2 progeny d€. chinensis.

Effects of treating cowpea seeds with plant materials and PMD on hatching inhibition rate,
development period and per cent holed cowpea seed

PMD and CLP were similar in their effectivenessmmbiting the hatching o€. chinensigggs.
The presence of volatile/essential oil in CLP cooddresponsible for its ovicidal action against
C. maculatuseggs. The present finding corroborates with thaRamzan (1994) whoreported
that edible oils from cotton seed, sunflower, ganut, soy bean and mustard, when mixed with
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cowpea completely suppressed adult emergenc€. athinensis Sha’ayaet al (1997) also
reported that edible oils are potential control rageagainstC. maculatusand can play an
important role in stored grain protection. Thereswa significant difference among treatments
in suppressing the development periodCofmaculatuseven though the longest development
period was observed with GP, followed by PMD andPALhe present work corroborates that of
Ogunwolu and Odunlami (1996) who reported that tgraental duration o€. maculatuson
seeds treated witBanthoxylurmspp root bark powder, neem seed powder or PMD didliffer
significantly from those o€. maculatun untreated check. The lowest per cent holed cawpe
seeds was recorded in the synthetic insecticide) AMlowed by CLP. Thus CLP was superior
to other plant materials in protecting cowpea seg@énst damage §. maculatusThe present
finding corroborates that of Abolusoro (2001) wieparted the effectiveness Biper guineense
and citrus peel against bruchid damage on cowpedssky reducing its population through
mortality. Onu and Aliyu (1995) also reported tbaeds treated with botanical extract oils were
effective in reducing damage 16, maculatusOn the other hand, the present investigation did
not find chilli pepper effective in reducing damagpused byC. maculatudo cowpea seeds in
storage. This is similar to the findings of Mej1®74) and Ivbijaro and Agbaje (1986).

Table 2. Bioefficacy of plant materials and pirimiphos-methyl on the suppression of C. chinensis development
and its damage to cowpea seeds.

Treatment  Mean no. of M ean no. M ean no. M ean no. M ean no. M ean no.
dead Adults of eggs/20g hatching development seed with
emer ged seeds hole

CLP 9.25¢ 166.75 146.75 23.50f 80.65a 33.25
ALP 7.75¢C 150.75 162.25 43.00e 64.59b 33.00
OLP 9.50¢c 143.25 154.50 58.75¢c 51.65d 31.75
MBP 8.00c 166.75 155.25 49.50d 59.26¢ 32.50
HPP 9.25¢ 150.75 165.25 58.25¢ 52.06d 35.00
GP 7.25¢ 143.25 163.75 67.00b 44 .85e 32.25
MWA 14.75b 166.75 155.25 44.25e 63.58b 32.25
PMD 26.75a 143.25 155.25 22.25f 81.67a 32.25
CNTL 9.75¢c 166.75 153.75 121.50a = ---—-- 31.25

*1 CLP= citrus Leaf powder, ALP= Acacia leaf powd&@LP= Occimum spp. leaf powder, MBP= mahogany bark
powder, HPP= hot pepper powder, GP= ginger powddvWA= mahogany wood ash, PMD= pirimiphos-methyl
dust, CNTL= control. 2 PMD was applied at the rafed.1/20g cowpea seed (0.5% w/w). Means in column
followed by the same letter (s) are not signifibadifferent (P<0.05) using Student Newman- Ketliest (SNK).

CONCLUSION

The findings of the present investigations indidatieat relative to control all the seven plant
materials tested were to some degree not onlytaféet reducing oviposition, but have also
appreciably inhibited hatching rates thereby legdm a significant reduction in the number of
emerged adults from the treated cowpea seeds. Howevall the highest percentage progeny
inhibition and minimal cowpea seed damage was @bddn the grains treated with CLP during
the study period. Therefore, application of citpeel powder at the rate of 50 g/kg of cowpea
seeds is recommended for the controCotthinensislevelopment and damage to cowpea seeds
while in storage.
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