Bioefficacy of garlic Allium sativum and tobaccdlicotiana tabacum on mortality,
ovipository inhibition and adult emergence of tloevpea beetl€allosobruchus maculatus
(Fab.) on cowpedigna unguiculata (L.) ( Walp.)

ABSTRACT

Aims: To evaluate the efficacy of aqueous and ethamodicacts of garlic and tobacco in the
management of the cowpea beefl@allosobruchus maculatus) and how these affect
oviposition by adult females, adult emergence andratio.

Study Design: The study was conducted in a randomised completk design consisting of
six treatments and three replications.

Place and Duration of Study: The experiment was carried out at the BioconBettionef
Crepof CropsResearch Institute, Kwadaso, Kumasi over a foomtimperiod.

Methodology: Aqueous and ethanolic extracts of garlic and ¢cobdeaves were prepared,;
these preparations were compared with a standaedhichl insecticide, Betallic and a
control. Four kilogrammes of untreated cowpea seeads sorted to obtain whole uninfested
grains. Six hundred of the sorted seeds were pliscgétd Kilner jars. Fifty millilitres of each
extractwerewassprayed onto the seeds in their respective jarsadioded to dry. Ten pairs
of adult C. maculatus were introduced into each jar. Similar set-upsenvdone with the
insecticide and control seeds. Mortality was reedrévery 6 hours after treatment for 24
hours. Data were also collected on oviposition]taglmergence and sex ratio.

Results: Garlic-treated seeds did not record any mortalithin the first 18 hr; no mortality
was recorded in the control seeds, whereas thetioske-treated seeds recorded 100 %
mortality. Significantly fewer eggs were laid orettreated seeds than the control seeds. Sex
ratio of the emerged adults varied within the petrod observation. Aqueous extracts of the
botanicals performed better in terms of insect @drdnd oviposition inhibition than the
ethanolic extracts.

Conclusion: Aqueous extracts of both plants produced bewsults than the ethanolic
extracts. Aqueous extract, being cheaper, easiesafer to prepare could be adopted by the
average small-scale farmer to man#gestorage-pe€. maculatus.
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1. INTRODUCTION

Cowpea(Vigna unguiculata {L.) (Walp.) is a leguminous crop and one of the nmgortant
crops cultivated in the tropics amgibtropiessubtropics?t is one of the most adapted and
nutritious legumes [1] grown for human consumptaond asfeed-feedfor farm animals [2,
3]. Being a leguminous crop, cultivation of cowpaaiches the nutrient content of the soll
by fixing atmospheric nitrogen into nitrates andngovining varieties are excellent nitrate
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producers [4]. It can also be cultivated as a cavep and as green manure to improve soil
fertility and land conservation purposes [5]. Thatane legume contains 23-25% protein, 30-
67% carbohydrates, 1.9% fat, 6.35% fibre and speitentage of the B vitamins [6]. The
crop is well adapted to the drier regions of West Eentral Africa [7], from where it spread
to other parts of the world. The nutritional qualt of cowpeas make them important
component of the diets of many African countrieserehother protein sources such as fish
and meat may not be readily available and affoel#blthe rural and urban poor due to their
high cost.

In Africa, the yield of cowpea has been low dueatmumber of constraints such as low
rainfall, poor seed quality and the incidence akdises and pests. The incidence of pests on
cowpea is due to its high nutritional qualities @himake them attractive and highly
susceptible to many insects which infest it, batttlee field and during the storage period. In
Ghana, the problem of poor seed quality has bedreased by the Crops Research Institute
(CRI) of the Council for Scientific and IndustriBesearch (CSIR) in collaboration with the
International Institute of Tropical Agriculture TA). They have jointly released high-
yielding cowpea varieties for cultivation by farraeiThese varieties are high yielding and
have varying degrees of resistance to some ofdivpea pests.

Attempts by African farmers to achieve higher ygelthve been foiled by field and storage
pests [8]. The major storage pest of cowpeaCaslosobruchus maculatus (Coleoptera:
Bruchidae). This pest causes significant damagleg@tored grains if not protected. Between
30 and 50% of cowpea grain can be lost during gegraewever-Yield reductions caused
by insect infestation can be as high as 95% [9Ndnthern Ghana, Golob, [10] observed that
damage done bg. maculatus to stored cowpea varied from 15-94 %. Accordin@tooker
[11] a singleC. maculatus can cause up to 3.5 % weight loss in cowpea gexdsup to 66 %
loss in protein content.

The larva ofC. maculatus feeds on the seed of legumes, causing quantitatidequalitative
losses to the farmer. The feeding activities byl#meae are manifested by seed perforation,
reduction in weight and market value and viabitiffthe seed to germinate when sown [12].
Infestation of cowpea seeds Ky maculatus occurs on the field, before harvest [13] and
carried into storage. Females prefer laying eggsature green pods but will also oviposit
on dry mature pods [14]. The length of time cowgtsys on the field before harvest can
influence the level of infestation and subsequethigypopulation o€. maculatus that will be
carried into storage. According to Baidetoal. [13], early harvested cowpea recorded lower
infestation than late-harvested cowpea.

The destructive activities df. maculatus require protection from this storage pest if the
seeds are to be stored for longer periods. Syntivetecticides have been used to conftol

maculatus and other storage pests. There are a number blepns associated with the use of
synthetic insecticides. Some of the insecticides @arsistent [15] and each generation of
insects become immune to the chemical insecticedlihg to resistance in subsequent
generations [16]. The most important negative ¢ffedhe use of chemical insecticides on
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storage products is food contamination as a re$utidiscriminate use of these insecticides.
Thus Mellor and Adams [17] stated that in many dgyag countries, improper use of
pesticides by untrained workers often led to pdrsgprduring application. They therefore
concluded that human poisoning is the highest gr&id for using pesticides.

Due to the negative effects of eating contamin&ed on the health of humans, other more
sustainable and healthy means of controlling stonagsts must be adopted to reduce the
possibility of food contamination. The use of batahinsecticides has been suggested as an
alternative to chemical insecticides. Plants fromngndifferent families exhibit biological
activities against insect pests [18, 19]. Theserafly-occurring compounds can affect the
physiology of insects, kill insects or cause lossfecundity and viability of eggs [20].
Botanical pesticides have low persistence, are tlegs to non-target organisms [21] and
have low mammalian toxicity. Two of such plants twihsecticidal properties are garlic,
Allium sativum and tobaccolNicotiana tabacum. Garlic produces various sulphur compounds
that together with their breakdown products yieldharacteristic pungent taste and odour.
These compounds have antimicrobial and antifun@fates [22]. Allicin, which is derived
from garlic combats fungal infections and parasilesvers blood cholesterol and treats
arteriosclerosis and promotes circulatory functionBumans [22]; however, its insecticidal
and repellent properties have not been fully exgtbi

Tobacco,Nicotiana tabacum, has been used as an important insecticide aredtingpellent
since the 1% century [23]. Tobacco contains many phytochemicgish as nicotine,
nornicotine, anabasine, glucosides, acrolein amdngy Even though tobacco contains many
chemicals, nicotine is the principal toxic companédhis a quick-acting insecticide which
acts as stomach poison and is an important cheiéahce mechanism of the plant [24]. In
order to store cowpea for longer periods, they muestprotected fromC. maculatus
infestation. The most widely used insecticide fantpcting cowpea seeds are methyl bromide
and phosphine; however, currently there is regtricon the use of phosphine because this
chemical has ozone depletion potential [25] as aslreported cases of resistance in some
stored products across the world [26]. Thereforerehis the need to develop safe,
environmentally friendly and sustainable means totget stored products from pest
infestation. The population &. maculatus at any time depends on the number of eggs laid
by the females of the previous generation. Theeetory control measure that will reduce
oviposition by femaleC. maculatus will ultimately reduce the population of this pe¥he
current study evaluated the efficacy of aqueousedinanolic extracts of garlic and tobacco in
managing the cowpea beetle and how the botanitf@sted oviposition by females, adult
emergence and sex ratio.

2MATERIALSAND METHODS
2.1 Culturing of C. maculatus

Five hundred grammes of cowpeAgha unguiculata var. Asontem) seeds were each placed
in 6 1L Kilner jars and covered with muslin cloffifty adult C. maculatus were introduced

into each jar, covered with muslin cloth and seduséth a rubber band. The set-ups were
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allowed to stand for 48 hours to allow mating angosition, after which the insects were
sieved out. The seeds were placed backed in tmeKjars and left standing for 21 days to
allow for hatching and adult emergence.

2.2 Preparation of plant extracts

Thirty (30) grammegramsof garlic was weighed and blended with 200 mliliikst water.
The resulting mixture was diluted with water to@duwme of 500 ml and stored in a dark cup
board for 24 hours. The same procedure was employddthe ethanolic extract, using
ethanol as the solvent. After the storage periogl eixtracts were filtered using a fine muslin
cloth and then through a Whatmann No. 1 filter pape

Dried tobacco leaves were purchased from the lozaket. Fiftygrammegramsof it were
wasweighed and 500 ml of distilled water was addece $ame quantity of tobacco leaves
werewasused for the ethanolic extract using the same @gyasftethanol. The set-ups were
left for 24 hours after which they were filteredldaving the steps outlined above.

2.3 Experimental set-up

Four kilogrammes of untreated cowpea seeds (vawntésn) were sorted to obtain whole,
uninfested seeds. The seeds were disinfested Ipyrkethem in the freezer for 24 hours. The
seeds were conditioned to room temperature befemegbused for the experiment. Six
hundred of the sorted seeds were placed in 1L Kijae covered with muslin cloth and
secured with a rubber band. There were six treasneach of which was replicated 3 tirpes
Tthe treatments were: garlic in water (GW), garlialoohol (GA), tobacco in water (TW)
tobacco in alcohol (TA), Betallic insecticide (®ermethrin and Pirimiphos-methyl) and a
control set-up in which there was no control measgifty millilitres of each extracts were
sprayed onto the seeds in their respective jarsadlodied to dry before the insects were
introduced into the set-ups. Betallic was applied aate of 5 ml/litre. In the control set;up
the seeds were sprayed with the same quantity siflledl water. Ten pairs of adu(.
maculatus were introduced into each jar and left for 24 Isour

2.4 Data collection

After 24 hours, the numbers @ maculatus killed in each treatment were recorded after
sieving the seeds to recover the beetles. The seedsplaced in their respective jars. The
numbers of eggs deposited on 100 seeds were codatlgdfor 4 days and the means were
calculated. Counting of the eggs was done withatlkdeof a powerful hand lens. The seeds
were kept for 25 days after infestatiefier—whicihen the numbers of adults that emerged
from each treatment were counted daily until noemadults emerged. Adults that emerged
were separated into their various sexes to deterthi| sex ratio.

2.4.1 Data analysis



Data obtained were subjected to the General Liviadel (GLM) procedure of SAS [27].
Analysis of variance was done on the parameterdiestu Where the difference was
significant, the means were separated using thdeStuNeuman’s Keul's (SNK) test. Chi
square test was used to determine any significaferehce in sex ratio. Significant
difference was set at£0.05.

3.0 Results
3.1 Mortality of C. maculatus

The percentage of adull. maculatus that died 24 hours after the application of thatcu
measures are shown in Table 1. With regards tdcgaglated seeds, no mortality was
recorded within the first 18 hours after applicatidortality after 24 hours was 2.50% and
7.50% for ethanol and aqueous extracts respecti&ilyilarly tobacco extractsecerded
lewrecorded lowmortalities. In the case of Betallic treatment,757% mortality occurred
within the first 6 hours of application; all thedikes were dead after the 24 hour period. The
control set-up did not record any mortality at all.

Table 1: Percent mortality and egg ovipositionthynaculatus on cowpea at 24 hours.

Treatment Mortality % Oviposition
Betallic 100.00 14.734.82
Garlic in wate 7.5¢° 82.34434.5(
Garlic in alcohol 2.5 41.2%3.99
Tobacco in wate 12.50° 44.0°+8.2:2
Tobacco in alcohol 1.50 61.2%5+19.88
Contro 0.0C° 112.25424.2¢

Within columns, means with same letter are notiaantly different (P> 0.05)

3.2 Adult emer gence from cowpea seeds

Most of the adult beetles that emerged from thelseeere recorded on the first day. Very
few adults emerged from day 2 to 4. The mean nurobedults counted on day 1 ranged
from 120.5 in the untreated (control) seeds to3 &2he seeds treated with agueous tobacco
extract. No adult beetles were recorded from thé¢alBetreated seeds (Table 2). The
differences in adult emergence on day 1 were sagmif (P= 0.0001). Adult emergence from
the aqueous garlic and ethanolic extracts of gditicnot differ significantly. Similarly adult
emergence from the two tobacco treatments wasigoifisantly different; both however,
differed significantly from the garlic—treated seedpart from the ¥ day during which the
untreated seeds recorded significantly larger nurobemerged adults, the subsequent days
recorded fewer adults, the numbers of which wetesigmificantly different.



Table 2: Effects of treatment of cowpea seeds aiit athergence over a 4-day period.

Treatments
Days GA GW TW TA Betallic Control
1 73.2%2 58.5( 18.2%° 37.2%° 0.0C 120.5(¢
2 3.28 1.5G0 1.28 4.25 0.5 7.50
3 1.5¢ 1.5¢ 0.50° 0.7¢ 0.0C 2.7
4 1.56 0.50 0.258 0.00 0.00 2.01

Within rows, means with the same letters are rgstiBcantly different (P> 0.05)

3.3 Egg deposition on cowpea seeds

Egg deposition on the treated cowpea seeds vaitbdegards to the control agent used. The
largest number of eggs was deposited on the uattesdgeds, whilst the insecticide-treated
seeds recorded the least egg deposition (Fig. i¢. Aumbers of eggs deposited on the
different treated seeds differed significantly (@835). Further analysis of the numbers of
eggs deposited on the seeds indicated no signifaiffierences among all the seeds treated
with the botanicals, but all differed from the wated control seeds. Significantly fewer eggs
were laid on the insecticide-treated seeds.
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Fig. 1. Mean numbers of eggs counted per 1(H} cowpea seeds

3.4 Sex ratio of emerged adults

Mean distribution of males and females is represkm Table 3. Analysis of data using
Kruskel-Wallis (Chi square) test showed that on tlagnale distribution recorded a P- value
of 0.004, indicating a deviation from the expec®8db6, while females recorded a P value of
0.095, which was not significantly different frofmetexpected number. On daytl2e number

males recorded varied significantly from the expdctemales did not vary significantly and
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so were closer to the expected 50%. On day 3,dloellated P-values for both sexes did not
deviate significantly from the expected 50%oweveHowever the P-value recorded for the
males indicated significant deviation from the ectpd 50%.

Table 3: Mean sex ratio of ad@t maculates.

Days
Treatments 1 2 3 4
M F M F M F M F
Gatrlic in water 9.25 12.00 1.25 2.00 0.50 1.00 1.000.75
Garlic in alcohol 8.75 10.75 0.50 1.00 0.75 0.75 000. 0.50

Tobacco in water 2.75 8.50 0.75 0.50 0.25 0.25 0.0@.00
Tobacco in alcohol 8.50 11.44 2.00 2.25 050 0.25 0.00 0.00

Betallic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Control 9.75 10.25 4.25 3.75 150 1.25 0.75 1.25
Total 39.0( 52.9¢ 8.7¢ 9.5C 3.5C 3.5 1.7¢ 2.5(C
P-value 0.00 0.10 0.05 0.11 0.63 0.36 0.04 0.20
Chi-squar 17.1¢ 9.3¢ 11.1¢  8.9C 3.5C 544 11.7¢ 7.3¢

*M= male, F= female
4.0 DISCUSSION

In Ghana and other parts of Africa, harvested cawjgeattacked by the storage beetle
Callosobruchus maculatus. Infestation of cowpea seeds by this pest occarthe field and
carried into storage. Infestation of the seeds uhsequent generations depends on the
population of the previous generation and the éxténegg deposition by adult females.
During the study, it was observed that the uséefotanicals could not result in significant
mortalities within the 24 hour period compared wille insecticide-treated seeds. Thus in
terms of insecticidal activityboth [specify] did not produce any significant effect agai@st
maculatus. The insecticidal property of any plant dependstloa chemical component
responsible for mortality. Garlic has been repotiedontain several chemicals, including
diallyl disulphide and diallyl trisulphide, whichake been shown to cause mortality in
mosquito larvae as reported by Olkowskal. [28]. The killing effect of the botanicals was,
however, not as quick as the chemical insecticelsabse in some of the plant preparations,
mortality was observed only after 24 hr of exposwbereas a very high mortality was
recorded only after 6 hours in the Betallic-treasegds. In a study by Wekesdaal. [29],
they observed that the rate of mortality Sfophilus zeamais increased with concentration
and duration of exposure to essential oilsHgptis spicigera and that total mortality was
observed within 48 hours of exposufidne observed low action of the botanicals could be
attributed to their inability to quickly enter thesect’s internal tissue. These botanicals have
to be ingested for effective action in susceptibkects. Death would therefore result only
after several days of ingestion of these botaniddisre is therefore a delayed effect between
ingestion and mortality. Report by Adedire and Aj@0] showed that garlic powder and oil
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may be toxic toC. maculatus due to the strong choking odour it produces whidrupts
normal respiratory activities of susceptible indeetding to asphyxiation and death. Reports
by other workers indicate similar effects of botaté in the control of the maize weevil,
Stophilus zeamais [29, 31].

Tobacco has been used as an insect control agemigoy years. Even though the plant
contains many chemicals, nicotine has been idedt#is the principal toxic component [24].
Tobacco possesses contact, stomach and respifa@yning properties which have been
attributed to the presence of nicotine in the pl@#]. Toxicity of susceptible insects to
nicotine is achieved through fumigation or direontact [33]. Being a contact poison, it
enters the body through areas such as the trasystaim.

With regard to ovipository inhibition by adult fefea, seeds treated with ethanolic extract of
garlic recorded the least number of eggs amondlitfierent plant extracts. The untreated
recorded by far the largest number of eggs becthese had no control agents to hinder the
activities of the insects. The fewer eggs laidlmntreated seeds compared with the untreated
control seeds was the results of relatively higmertality of adultC. maculatus as well as
the repellent properties of the plant materialg teaduced sexual communication between
the surviving adults [34]. A reduction in conta@tleen the sexes led to reduced mating
behaviour and consequently fewer eggs laid. Thezefeven though the use of these
botanicals may not entirely reduce the populatidninsect pests below the economic
damaging levels, surviving adults will produce feveggs which will ultimately reduce the
population of insects of the next generation.

With respect to different treatments of the cowpeeds on adult emergence, it was observed
that the insecticide-treated seeds recorded tlst heember of emerged adults. In the case of
the plant extracts, aqueous preparations of bahtplperformed better at reducing adult
emergence than the ethanolic preparations. Thilsl dmuattributed to a reduction in potency
of the active ingredient when alcohol is used asgblvent for extraction. Earlier report by
Abiodun [35] showed that aqueous extract of gaslacs more toxic t& zeamais than the
ethanolic extract. Thike-was attributed-to-the-fabecausehatthe alkyl compounds in the
Alliaceae family are readily obtained by distiltati with water than with ethanol. It appears
that the effectiveness of garlic and tobacco as$ gastrol agents increases with increasing
polarity of the solvent used for extraction. Watbeing more polar than ethanol was
therefore able to extract more of the active ingnet] which accounted for the better results
that were obtained. The effect of tobacco on sigde insects are said to be ovicidal and
inhibitory of larval instar development or both [3®oateng and Kusi [37] showed that
jatropha seed oil was highly toxic to the eggsQfmaculatus, resulting in significant
reduction in adult emergence. Ovicidal and lanatigroperties of the tested plant extracts
probably killed some of the eggs and also prevestade of those that hatched into larvae
from developing into pupae and subsequently aduilis. principal component of tobacco is
nicotine, and to some extent nornicotine and airahisThese, according to Isman [21] are
synaptic poisons that mimic the neurotransmittegtydcholine and cause symptoms of
poisoning similar to those produced by organophatphnd carbamate insecticides.
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5.0 CONCLUSION

Plants with insecticidal properties have been wigedanage both field and storage pests. The
results of the study showed that botanicals haeeptitential to replace the use of synthetic
insecticides in the management of pests of cropsnEhough the use of garlic and tobacco
could not completely eliminaté. maculatus from the cowpea seeds, surviving female adults
produced fewer eggs. Aqueous extracts of both lambduced better results than the
ethanolic extracts. Aqueous extract, being easidrsafer to prepare could be adopted by the
average small-scale farmer to manage pests. Thefus®anicals on storage products could
be adopted to reduce the incidence of food contatmoim and its negative effects on the
health of man which are associated with the usymthetic insecticides on stored products.
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