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Abstract: To prevent attacks of stored grains by insects pest, rural farmers in the past times, regularly introduce
aromatic plants in their granaries. These plants were used alone or associated in groups of 2 or 3 plants. Active
compounds of these aromatic plants, mostly present in their essential oils have msecticidal properties. In the
present work, crude essential oils of some Lamiaceae, as Hyptis spicigera (Lam.) Ocimum canum (Siums) and
Plectranthus glandulosus (Hook), of Rutaceae Vepris heterophylla (Letouzey) and finally of Astareceae
Echinops giganteus (Adams) were applied both alone and in balanced combinations on the adults of stored
gram pest Sitophilus oryzae (L.) (Coleoptera: Curculiomidae) to evaluate their toxicity. These experiments show
that all tested essential oils are insecticide except that of E. giganteus. Applied alone, their LD50 vary from
42.91 ppm for the oil of O. canum to 349.8 ppm for oil of V. heterophylla. Applied in balanced combination
O. canum and H. spicigera expresses no difference (p<0.05) between observed (75.83 ppm) and expected
(77.46 ppm) LD50. E. giganteus which was without any msecticidal efficiency synergise the essential o1l already
active. Moreover, of 20% O. canum in 80% of E.giganteus leads to 100% of mortality. While combined in thus
same proportion O. canum and P. glandulosus oils also express synergy. V. heterophylla, relatively rich in
oxygenated sesquiterpenes increases values of the observed 1.D50 higher and significantly different (p<0.05)

from the expected values.
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INTRODUCTION

Cereals and legumes are the major staple crops of the
northern Cameroon (Seignobos, 2002). They are generally
harvested once a year at fixed period. The storage makes
these crops available on markets during the whole year
(Ngamo and Leonard, 2004). One of the most important
post harvest activities is the storage. Many small holders
stored more than 80% of their crops. During the storage
losses occurred, they are due to Insects spoliation
(Bell, 1994; Bell et al., 1998; Buchbauer, ef al., 2000).
Stored grain insect pests are numercus and highly
diversity (Danho et al., 2000). The Insect bores in the
grain and feed on the germ essentially (Dal Bello et af.,
2002). These noxious activities generally lead to loss of
agricultural, nutritional and commercial value of the grain.

To avoid loss of stored products, farmers usually
have to relish for traditional tools or on synthetic
msecticides. The use of chemicals to protect stored
products is an increasing method. Tn Cameroon, the
marlet of pesticides is open and many insecticides could

be bough without restriction. Traditional tools are those
coming from the know-how leamed from parents and
perpetuated for generations. The traditional approach is
based essentially on the use of aromatic plants that serve
to keep away pests attract by the crop or to kill those
already 1n the granary (Boeke, 2001; Mohan and Fields,
2002; Boeke et al., 2004). Peasant also used from time to
other inert substances. The introduction of aromatic
plants into granaries during the storage is frequent in
many localities of the northern Cameroon (Ladang, 2004).
Some small holders are able to mntroduce up to 6 different
aromatic plants in their granary during the storage most
for the protection of cowpea (Szafranski, 1991;
Wink, 1993; Ngatanko, 2004). The most frequent
combmations of aromatic plants to protect mvolves
Ocimum canum, Hyptis spicigera, V. heterophyila and
Capsicum frutescens (Lamiri et al., 2001).

The combination of these aromatic plants made by
peasant 13 to provide a synergistic effect m the protection
of stored grains from the spoliation of insects. This could
be understood through the analysis of the reactivity of
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the compounds of the different active plants (Lamiri et .,
2001). Many study up to now concern the msecticidal
activity of the crude essential oil of aromatic plat towards
stored grain insects (Essam, 2001, Lee, 2000). Moreover
recent studies were carry on the combination of majors
active compound of essential oils with insecticidal
properties (Prates et al, 1998, Kouninki, 2005). Other
study on the combination of essential oils of Ocimum
gratissimum vand Xylopia aethiopica (Annonaceae)
in one hand, of Lippia rugosa (Verbenaceae) and
X. aethiopica 1n other hand leaded to their antagonistic
effect  on the maize weevil Sitophilus zeamais
(Coleoptera: Curculionidae) (Aoudou, 2006). A synergistic
activity was recorded while considering therr antifungic
activity (Aoudou, 2006). The present study therefore aims
to evaluate the traditional know-how through which many
aromatic plants are combined m granaries to protect
stored grains from attacks of insect pests.

MATERIALS AND METHODS

Insect wused for the bioassays: The rice weevil,
Sitophilus oryzae (L.) (Coleoptera : Curculiomdae) used
for the tests belonged to the strain collected in November
2003 in the granary of a peasant of Beka hosséré
(Ngaoundéré, Cameroon). This strain referenced
247/ILN/O1 is reared in the In vive collection at the
Storeprotect laboratory at the University of Ngaoundéré

in Cameroorn.

Aromatic plants used and their sampling sites: Essential
oils used for the tests were extracted from plants collected
in different localities of northern Cameroon. Leaves of
V. heterophylla were collected at Méri (Far North
province) at point referenced 14°15,225°E; 10°41 039N
altitude: 496,93 m above sea level. Leaves and flowers of
O. canum were collected at Maroua (Far North province)
at the site geographically referenced 14°24,145°E; 10°39,
214N; altitude: 375, 1m. Finally, flowers of H. spicigera,
P. glandulosus and E. giganteus were collected at Dang
(Ngaoundéré, Adamawa province) at the site
geographically referenced: 13°33,549°F; 07°25,609N,
1100,5 m. These data were recorded with a GPS Garmin
Geko 301.

The collection of all fresh plants materials was made
in December 2005. There after the hydrodistillation was

carry out through a Clevenger type apparatus. The
essential oils obtained were kept alone or in combinations
were obtained by mixing fixed volume of targeted oils.
Each preparation was stored m a refrigerator at 4°C
until use.

Bioassays: Tests were carry out to access the evaluation
of the msecticidal activity of crude essential oils obtained
both alone and in combination towards S. orvzae. Two
series of combinations were made, the balanced
combinations where each oil contributes for half of the
volume tested (50%). The second set of combination of
oils was the dilution of one in another. The participation
of the essential o1l to be dilute was 1; 5; 10; 20; 30 and
40% of the mixture.

In prelimmary tests, 8 doses were chosen between the
doses having no killing effect on the experimental
population to the mimmal one killing 100% of this
population. These experiments aimed to establish the
LD350 of each oil.

With a micropipette (Rainin Magnetic-assist) the
precise volume of essential o1l was pumped and diluted
into 0.5 mL of acetone. The solution aspired was
uniformly flowed on a disk of filter paper (Whatman N°1)
of 9 cm de diameter put into the Petri dish. An amount of
20 msects were mtroduced m the dish 4 min after. These
insects were less than one-month old The dish was
finally covered and sealed, a control with acetone alone,
without essential oil was made. For each preparation 5
replications were made. The amount of death nsects were
counted 24 h after the application.

RESULTS AND DISCUSSION

Toxicity of the essential oils alone: All the essential oils
used expressed msecticidal activity toward the rice weevil
except that of E. giganteus which has no toxicity.
O. camim is the most active with a LD, at 42.9ppm and
V. heterophylla is the less active, LD, is 349.8 ppm,
H. spicigera has its LD at 112 ppm (Table 1). With the
essential o1l of P. glandulosus, the LD50 1s 77 ppm.

The Table 1 releases that all the 3 Lamiaceae,
H. spicigera, O. canum and P. glandulosus are the most
efficient plants. The differences observed in the efficiency
of these oils are linked to their chemical composition 3

Table 1: Insecticidal activity of the essential oil alone by contact observed 24 h after application

Preparation LD50 (ppm) Equation r
Echinops giganteus nd nd nd
Hyptis spicigera 112 Y=3.64x—2.46 0.905%**
Ocimiim canum 43 Y=1281x-1591 0.970%%%
Plectramthus glandulosus 77 V=6.02x - 6.36 0.85%
Vepris heterophyiia 350 V=4.21x-3571 0,9k

nd =not defined



Res. J. Biol. Sci., 2 (1): 75-80, 2007

Table 2: Insecticidal activity of balanced combinations of essential oils observed 24 h after application

LDsy

Balanced combinations (50% + 50%) Observed Expected Khi?
Echinops giganteus + Ocimum coraim 12.5 50 22.80%##
Hiyptis spicigera + Ocimum caman T7.46 7583 0.017 ns
Plectranthus glandulosus + Ocimum camim 70.63 100 Ons
Plectranthus glandulosus + Echinops giganteus 25 100 100%**
Vepris heterophyila + Ocimum canum 103.81 195.97 28.33#%%
Vepris heterophylla + Hyptis spicigera 182.13 230.9 5.758*

Table 3: Insecticidal activity of mixtures made of various proportion of an essential oil of high insecticidal activity (Ocimum canum) dilute in that of an

essential oil without insecticidal activity (Echinops giganteus)

Mixture (100%%)

Mortality (20)

Dose (ppm) Q. Cerrn (%0) E. giganteus (%0) Observed Expected Khi?

2.25 1 99 3875 2.5 31.86%%*
11.25 5 95 62.5 325 Q.47
225 10 90 65 20 23,82
45 20 80 92.5 7875 1.10ns
67.5 30 70 20 86.25 0.08 ns
90 40 60 100 97.5 0.03 ns

(Regnault-Roger, et al, 2002). The amount and the
diversity of the molecules active on S. oryzae are not the
same for all the oil tested. Indeed, the 3 Lamiaceae are rich
i monotermes. Limonene 1s the most important compound
mn essential oil of O. camwm. Lunonene 1s a compound
particularly toxic for S. oryzae (Bekele and Hassanali,
2001). This reason can explain the high toxicity of
O. camim compare to other tested oils. Toxicity of
essential oil of Hyptis spicigera is attributed tol ,8 cineol,
to carvacrol, to ¢-pinene and to P-pinene which are
present 1n this ol Toxicity of these compounds are
demonstrated on Coleopteran (Koummnki, 2005). Sabimene,
E-p ocimene, limonene and myrcene are the major
compounds of V. heterophylla they are reported as active
compounds on S. oryzae (Park et al., 2003). Moreover,
E. giganteus, a plant used by producer shows no
efficiency. Indeed, essential oil of F. giganteus contains
exclusively sesquiterpenic compounds (Menut ef al,
1996), in the other hand, the most efficient insecticidal
effect of essential oil is due to their monoterpenes
(Tirovetzet al., 1997; Tsman, 2000). From these experiments
no insecticidal could be expected from E. giganteus. If its
use 1s frequent, there 1s a reason for that. some important
compounds are perhaps inactive by themselves and may
need the presence of some other to express their activity.

Toxicity of balanced combinations of essential oils: In
balanced combmation the insecticidal efficiency observed
was m most of the cases different from that expected. The
LD,, values decreased in all combimations even if the
differences observed are not significant. These significant
reductions of LD., express potentialised insecticidal
efficiency of the combination. The combination Q. canun:
with E. giganteus 1s the most active one with LD,
at12.5 ppm. It 13 followed by the combination of
P. glandulosus and E. giganteus with a LD, at 25 ppm
(Table 2). In this 2 situations, the combination of the
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2 essential oils leads to an observed LD, which is the
quarter of the expected value. In the combination of
P. galdulosus and O. canum which are the more active
oils alone, the combination has no synergy. No significant
difference 13 observed between the observed and
expected LD

The positive effect coming from the combination of
these oils could be explamed by the synergy in their
active compounds which together put together their effect
to come to most efficient activity. The interaction
observed may be an expression of a quantity of active
compound available. Tf the active compounds are the
same or act in the same way the combination could have
low positive effect but if the active compound are
different and interact in different ways, their association
may leads to high positive effect. There is a synergic
effect between menthol and terpineol (Belaiche ef al.,
1996). Moreover a synergic effect between essential oil of
Q. gratissimum and that X. aethiopica and between
essential oil of L. rugosa and that of X. aethiopica
(Aoudou, 2006). However, mechanism of this phenomena
still unknown.

Toxicity of highly insecticidal essential oil diluted in a
non insecticidal one: Expected mortality due to
the dilution of essential oil of O. canum 1 that of
E. giganteus is in all case lower than that observed
(Table 3). More than 90% of insect mortality was
observed with only 20% of O. camsm in the mixture.
Above this proportion no more effect was observed.
E. giganteus which alone could not induce any mortality
here reacts like a synergist of O. camwm. Insecticidal
efficiency of O. canum is highly improved while dilute
inE. giganteus.

The same situation was observed with
P. glandulosus which is another very active essential oil
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Table 4: Insecticidal activity of mixtures made of various proportion of an essential oil of high insecticidal activity (Plectrartiug) dilute in that of an essential

oil without insecticidal activity (Echinops giganteus)

Mixture (100%) Mortality (%0)

Dose (ppm) P. glandhilosus (%%6) E. gigantens (%) Observed Expected Khi®
0.75 1 99 95.8 0 05,86 *
375 5 a5 84.06 2.5 T6.85%H*
7.5 10 20 97.28 21.33 46,63+
15 20 80 98.53 3140 34684+ *
22.5 30 70 100 2943 38,4 G
30 40 60 100 72.98 4.22%

Table 5: Insecticidal activity of mixtures of various proportion of 2 essential oils of high insecticidal activity (Ocimum cartim and Plectranthus glondidosis)

dilute one in another

Mixture (100%%)

Mortality (20)

Dose (ppm) P. glandulosus (%) O. Canum (%) Observed Expected Khi?
0.75 1 99 15 12.5 0.23ns
1.87 5 95 45 6.25 20,3%%
3.75 10 90 48.75 10.5 246k
7.5 20 80 71.67 13.75 39,274
11.25 30 70 95 42.5 20.05% %+
15 40 60 91.25 98.75 0.3 ns

(Table 4). At the proportion of 1%, while no mortality is
expected, 95.6% of mortality was observed m the pest
population. Indeed, the composition of essential oil of
E. giganteus show presence of certains compounds
named lignans (Plilogene, 1991). These compounds have
no important effects, but can increase biological effect of
others efficient compounds when they are combined
(Tene et al., 2004). Therefore, this phenomenon could
explain mcreasing efficiency of essential o1l of E.
giganfeus 1 combmations. The beneficial effect of
combining several plants in granaries in order to have full
control of pests of stored products 15 hereby proved the
last combination involved the 2 more active essential oils.
P. glandulosus was dilute in O. canwum in the various
proportions as describe previously. Cbserved mortalities
were in all cases greater than expected ones. Nevertheless
the rate of increase was not as important as 1t could be
imagined. At the proportion of 1% of P. glandulosis,
the observed mortality was only 15% whereas in the
combination with F. giganteus, this same proportion leads
to 96.8% mortality. Ther 1s absence of synergic effect
with the combination of 2 phenols (Pibiri, 2006). This
explain that the combination of 2 substances of same
nature or more can not produced a significant synergic
effect. However, of O.
P. glandulosus are both rich in monoternes, that would be

essential  oil canum and
the reason why the synergic effect of their combination is
low than their combination to essential oil of E. giganteus.
In the combination, the 2 oils do not perform the same
task (Table 5).

It 18 possible that in these combinations, an essential

oil without any insecticidal potential could be source of

78

synergist of active compounds. Some of these natural
synergists are known as lignans. For essential oils
without lignans but only with active compounds, the
insecticidal effect observed is due to the combination of
active compounds from both essential oils. The effect
observed looks like an additive effect.
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