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A B S T R A C T

In an effort to find eco-friendly alternatives to synthetic pesticides in grain storage, residual contact toxicity and
repellence of Cupressus lusitanica and Eucalyptus saligna leaf essential oils were evaluated against adult Tribolium
castaneum, Acanthoscelides obtectus and Sitophilus zeamais. In bioassays, oil was applied at 0.00, 0.05, 0.10, 0.15
and 0.20% v/w to wheat and bean grains and stored for 30–120 days after which test insects were introduced
into sub-samples of treated grains. Both oils at 0.20% v/w and 120 days grain storage duration caused a mor-
tality of 5.0–65.0% in test insects whereas in the repellence bioassay, at same doses and grain storage duration
produced percent repellence values of 34–52.4% of test insects. Considering other pesticidal properties of C.
lusitanica and E. saligna oils, current results point oils as potential residual contact toxicants and repellents for
possible integration into insect pest management practices.

1. Introduction

Insect pests cause 5–10 and 20–30% damage to stored grains in the
temperate and tropical countries, respectively (Philips and Throne,
2010). Post-harvest losses can include not only loss of the crop itself,
but also lack of return on the resources needed to produce the crop, and
a decrease in the livelihood of individuals involved in the production
process (Bett, 2015). In addition, stored product pests also contaminate
milled grains including presence of insect fragments in flour (Campolo
et al., 2012). Several species of insects attributed to these losses and
identified as the major insect pests of stored cereal and legume grains
globally include, maize weevil, Sitophilus zeamais Motch. (Coleoptera:
Curculionidae), Angoumois grain moth, Sitotroga cerealella Olivier (Le-
pidoptera: Gelechiidae), bostrichid beetles, Prostephanus truncatus Horn
and Rhyzopertha dominica F. (Coleoptera: Bostrichidae), bean bruchid,
Acanthoscelides obtectus Say (Coleoptera: Bruchidae), cowpea beetles,
Callosobruchus chinensis F. (Coleoptera: Chrysomelidae), the rust-red
flour beetle Tribolium castaneum Herbst (Coleoptera: Tenebrionidae)
(Rajendran and Sriranjini, 2008; Deng et al., 2009; Nukenine, 2010;

Ogendo et al., 2012; Bett, 2015).
The bean bruchid, A. obtectus, together with cowpea beetles (C.

chinensis and C. maculatus) are destructors of stored legume grains. The
bean bruchid is a major pest of beans in temperate to subtropical re-
gions worldwide. The potential damage to stored grains by this pest is
great owing to its ability to infest grains both pre- and post-harvest, and
several larvae can develop in one seed (Ogendo et al., 2012; Bett et al.,
2016). Sitophilus zeamais larvae damage maize crops by developing
within an individual grain, eating it away from the inside out until it
matures, and then reproducing, releasing more crop-damaging larvae.
The maize weevil is a danger to both growing standing crops and stored
maize (Ogendo et al., 2012). On the other hand, T. castaneum is a
cosmopolitan stored product insect pest that can be found in ware-
houses, pet food stores, and grain processing facilities such as rice and
flour mills. It is considered a secondary insect pest species and is fre-
quently one of the least susceptible stored product beetle pest species to
insecticides (Bett et al., 2016).

Stored product insect pest control is based mainly on the use of
highly effective synthetic fumigants and contact toxicants. However,
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increased health, environmental and socio-economic concerns and the
consequent demand for pesticide-free food, have necessitated the de-
velopment of non-chemical strategies for stored pest management
(Ayvaz et al., 2010). Among the natural products, plant essential oils
and their constituents have the potential to control storage insect pests
and preserve food commodities.

Many studies have demonstrated that essential oils extracted from
different plants showed a broad spectrum of activity against insect pests
of stored grains, including ovicidal, larvicidal, adulticidal, antifeedant,
repellent, and growth regulatory activities (Abay et al., 2012; Bett et al.,
2013, 2016). A number of essential oils and constituents have been
classified as contact toxicants (Rosman et al., 2007; Ogendo et al.,
2011; Abay et al., 2012; Bett et al., 2013) and repellents (Nerio et al.,
2010; Ogendo et al., 2012; Bett et al., 2016). Studies on the biological
activity of Eucalyptus species extracts and constituents have good pro-
mise as fumigants and contact toxicants, repellents (Nivea et al., 2013)
against major pests of stored products. Additionally, Tapondjou et al.
(2005) found essential oils extracted from E. saligna leaves to have toxic
effects on S. zeamais (LD50 = 0.36 ml cm−2) and Tribolium confusum
Jacquelin du Val (Coleoptera: Tenebrionidae) (0.48 ml cm−2). Probit
analysis showed that T. confusum was comparatively more susceptible
(LD50 = 0.96 ml cm−2) to the toxic effect of cymol (p-cymene), a major
constituent of E. saligna oil than S. zeamais (LD50 = 1.35 ml cm−2).

The repellent ability of essential oils and constituents from these
plant species has already been reported (Nerio et al., 2010; Mossi et al.,
2011; Liu et al., 2011; Regnault-Roger et al., 2012). Demonstrated that
essential oils and constituents obtained from Lantana camara L. (Ver-
benaceae), Ocimum americanum L. (Lamiaceae), and Tephrosia vogelii
Hook (Fabaceae) were effective repellents against Sitophilus oryzae L.
(Coleoptera: Curculionidae) T. castaneum, C. chinensis and R. dominica.
In other related studies, Liang et al. (2013) showed that the essential
oils of Curcuma longa L. (Zingiberaceae), Epimedium pubescens L. (Ber-
beridaceae), Lindera aggregate Sims (Lauraceae), Nardostachys chinensis
Don (Caprifoliaceae), Schizonepeta tenuifolia Siebold & Zucc, Zanthox-
ylum schinifolium, and Z. officinale Roscoe (Zingiberaceae) exhibited
strong repellent action against T. castaneum. The repellent action of the
different essential oils against T. castaneum were reported to decrease in
the order of Cymbopogon martini, C. flexuosus Roxb (poaceae) and Lippia
origanoides L. (Verbenaceae) (Caballero-Gallardo et al., 2012).

The highly repellent effects of the main constituents of plant es-
sential oils such as 1, 8-cineole, terpineol and α-pinene have also been
demonstrated by other researchers (Tapondjou et al., 2005; Toloza
et al., 2006; Nivea et al., 2013). Toloza et al. (2006) demonstrated
strong repellent activity of essential oil from Eucalyptus cinerea, E. vi-
minalis Eucalyptus cinerea Muel (Myrtaceae) and E. saligna, against
permethrin-resistant human head lice. The repellent effect was asso-
ciated with α-pinene 1, 8-cineole, citronellol, eugenol and camphor.
Similarly, Eucalyptus citriodora Hook (Myrtaceae) and Cymbopogon
winterianus L. (poaceae) oils are repellent to adult C. maculatus and
repellence was associated with compounds like citronellal, 1, 8-cineole,
limonene, geranial, neral, (E)-anethole, and α-pinene (Nivea et al.,
2013). Synthetic chemicals are still more frequently used as repellents
than essential oils. However, these natural products have the potential
to provide efficient and safer repellents to humans and the environ-
ment. Furthermore, natural repellents may be included in stored pro-
duct pest management where chemical residues and insects in produce
may not be tolerated by consumers.

Essential oil-based insecticides are, therefore, very important of the
control stored product insects pests owing to their activity against a
variety of insects, fast penetration and reduced toxic residues in the
treated products (Mbata and Payton, 2013). However, setbacks of using
essential oil include volatility, solubility and oxidation, which play an
important role in the essential oil activity, application and persistence.
The aim, therefore, of the current study was to evaluate residual contact
toxicity and repellence of essential oils obtained from leaves of C. lu-
sitanica and E. saligna against T. castaneum, A. obtectus and S. zeamais.

2. Materials and methods

2.1. Experimental conditions and test insects

The rearing of test insects and bioassays were carried out at the
Integrated Biotechnology Laboratory, Egerton University, Kenya at
controlled conditions of temperature (28 ± 2 °C) and relative hu-
midity (65 ± 5%) in continuous darkness. Tribolium castaneum was
reared in wheat flour and 5% brewers’ yeast (wt:wt). Sitophilus zeamais
and A. obtectus were reared on whole wheat and bean grains, respec-
tively. One- five day old (T. castaneum and S. zeamais) and 1–2 day old
(A. obtectus) emerging adult insects were used for bioassays. The grains
used for the bioassays, were untreated, clean and infestation-free ob-
tained from Kenya Agricultural and Livestock Research Organization,
Njoro, Kenya.

2.2. Essential oils

The C. lusitanica and E. saligna leaf essential oils were provided by
the Integrated Biotechnology Laboratory Egerton, Kenya. The hydro-
distilled essential oils were previously subjected to Gas chromato-
graphy-Mass spectrometry analysis and results are already reported
(Bett et al., 2016) (Table 1, Figs. 1 & 2). C lusitanica oil was dominated
by oxygenated monoterpenes whereas E. saligna oil was mainly mono-
terpene hydrocarbons. The major components found in C. luistanica oil
were umbellulone (18.38%), α-pinene (9.97%), sabinene (8.16%) and
limonene (7.91%) whereas E. saligna oil was dominated by 1, 8-cineole
(24.26%), o-cymene (9.92%) and α-terpineol (8.81%) (Bett et al.,
2016) (Table 1).

2.3. Residual toxicity bioassay

Residual effects of essential oils of C. lusitanica and E. saligna on
adult A. obtectus, S. zeamais and T. castaneum were evaluated according
to the method of Asawalam et al. (2006) with modifications. The oils
dissolved in acetone AR (99.8% GC) were applied to 50 g wheat (or
100 g beans) grain samples in self-sealing polythene bags
(20 cm × 25 cm; 2 l capacity) at rates of 0.0, 0.05, 0.10, 0.15 and
0.20% v/w. The grains were shaken thoroughly to ensure uniform
distribution oil in grains. The solvent was allowed to evaporate for 1 h
before polythene bags were sealed. The negative control consisted of
untreated grains whereas Actelic Super ™ (0.056% v/w) and crude soya
oil (1.0% v/w) served as positive controls. The bags were then sealed
and transferred to an experimental room for long-term storage (120
days). A random sub-sample (10 g wheat and 20 g bean grains) was
then drawn from each experimental unit at 30, 60, 90 and 120 days
post- treatment. Into each sub-sample in 100 ml jars, 20 unsexed test
insects (NT) were introduced and the number of dead insects (ND) re-
corded 24, 72, 120 and 168 h post- introduction of insects to estimate
adult insect mortality. The percentage adult mortality was computed
according to Asawalam et al. (2006) and corrected for natural mortality
using Abbott’s formula (Abbott, 1925), respectively in Eqs. (1) and (2)

= ×
N
N

Actual Mortality (%) 100D

T (1)

=
−

−

×
P P

P
Corrected Mortality (%) ( )

(100 )
100O C

C (2)

where PO represent observed and PC control percent mortalities; ND and
NT represent number of dead and total number of test insects per jar.

2.4. Residual repellency

Each test essential oil was applied to 20 g wheat or 40 g bean grain
samples in special self-sealing polythene bags (20 cm× 25 cm; 2 l ca-
pacity) at five concentrations (0, 0.05, 0.10, 0.15 and 0.20% v/w).
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DEET treated and untreated grains were used as positive and negative
controls, respectively. The treated grains were transferred to the ex-
perimental room for long-term storage (120 days). A random sub-
sample of 2 g wheat and 4 g beans were then drawn from each ex-
perimental unit at 30, 60, 90 and 120 days post-treatment. The base of a
14-cm diameter glass Petri-dish was lined with aluminum foil, divided
into four equal parts and treated grain samples placed in each quarter
equidistant to the center in an alternate untreated (control)-treated
arrangement with four replicates per concentration. Twenty (20) un-
sexed adult stages of A. obtectus, S. zeamais, and T. castaneum were then
released at the center of petri-dish and the top secured by its cover. The
number of insects present in the control (NC) and treated (NT) grains
were recorded 1, 3, 5 and 24 h post- exposure. Percent repellence (PR)
values were computed according to Asawalam et al. (2006)

=
−

+

×Percent repellence (PR) (N N )
(N N )

100C T

C T (3)

2.5. Statistical data analysis

The experimental design used was a completely randomized design
(CRD) with four replicates per concentration in all bioassays. The
concentrations of essential oils used were 0.0, 0.05, 0.10, 0.15 and
0.20% v/w and these were replicated four times. Adult insects were
picked at random and placed in glass jars and petri-dishes accordingly.

The data on insect mortality were corrected for natural mortality
using Abbott’s formula (Abbott, 1925). In addition, the data on

Table 1
Retention index & time (min) and percent concentration of chemical constituents of leaf
essential oils obtained from Eucalyptus saligna and C. lusitanica.
(Source: Bett et al., 2016).

Noa Rt (min) Compound Name RIb % E.
saligna

% C.
lusitanica

1 6.87 2,4-Dimethyl-3-pentanone 804 0.09 –
2 8.35 Isovaleric acid 861 0.24 –
3 8.53 2-Methylbutanoic acid 868 0.05 –
4 8.63 (Z)-3-Hexenol 873 0.02 –
5 8.82 (E)-2-Hexen-1-ol 880 0.02 –
6 9.24 1,2-Dimethyl-1,4-

cyclohexadiene
896 0.02 –

7 9.76 2-Methylpropyl-2-
methylpropanoate

918 – 0.12

8 9.85 Tricyclene 922 – 0.06
9 9.99 α-Phellandrene 928 0.03 0.99
10 10.12 α-Pinene 935 24.40 9.97
11 10.43 α-Fenchene 948 1.58 0.51
12 10.55 Thuja-2,4(10)-diene 954 0.11 0.06
13 10.72 Benzaldehyde 962 0.05 0.01
14 10.90 3-Methylbutyl propanoate 969 0.12 –
15 10.95 Sabinene 972 0.31 8.16
16 11.29 Myrcene 987 – 2.29
17 11.34 (E)-Dehydroxylinalool oxide 989 0.14 –
18 11.58 β-Phellandrene 1000 0.16 0.48
19 11.66 δ-3-Carene 1005 – 6.93
20 11.72 Isoamyl isobutyrate 1009 0.14 –
21 11.80 δ-2-Carene 1013 – 0.53
22 11.95 o-Cymene 1023 9.92 5.81
23 12.02 Limonene 1027 – 7.91
24 12.10 1,8-Cineole 1031 24.26 –
25 12.17 (Z)-β-Ocimene 1036 0.16 0.23
26 12.31 Phenylactealdehyde 1045 0.12 –
27 12.55 γ-Terpinene 1059 0.31 0.24
28 12.71 (E)-Sabinene hydrate(IPP vs OH) 1069 – 0.47
29 13.01 p-Cymenene 1092 – 1.33
30 13.25 Linalool 1101 – 3.91
31 13.32 Isopentyl isovalerate 1106 0.33 –
32 13.48 p-1,3,8-Menthatriene 1115 – 0.16
33 13.52 endo-Fenchol 1117 2.35 –
34 13.56 α-Thujone 1120 – 0.23
35 13.64 p-(Z)-Menth-2-en-1-ol 1124 – 0.61
36 13.72 α-Campholenal 1129 1.81 –
37 13.96 [1S-(1α,3α,5α)]-6,6-dimethyl-2-

methylenebicyclo[3.1.1]heptan-
3-ol

1143 7.13 –

38 14.03 Camphor 1147 – 0.62
39 14.11 Camphene hydrate 1152 0.53 –
40 14.24 Sabina ketone 1159 – 0.22
41 14.33 Pinocarvone 1165 3.02 –
42 14.39 Borneol 1168 4.57 –
43 14.51 Umbellulone 1175 – 18.38
44 14.54 Terpinen-4-ol 1177 1.52 6.12
45 14.66 [α,α],4-Trimethyl-

benzenemethanol
1184 – 1.25

46 14.75 α-Terpineol 1189 8.81 1.98
47 14.86 γ-Terpinen-7-al 1207 – 0.19
48 15.06 Verbenone 1208 0.53 –
49 15.24 Eucarvone 1220 – 0.37
50 15.33 Terpinolene 1227 1.43 –
51 15.51 Cumin aldehyde 1238 0.31
52 15.71 Piperitone 1252 0.28 1.19
53 16.19 Thymol 1284 0.27 0.76
54 16.30 Benzyl isobutanoate 1291 0.08 –
55 16.33 Terpinolene 1293 – 0.66
56 17.02 α-Terpinene 1342 – 2.60
57 17.10 2,2,5,5-Tetramethyl-3-

cyclopenten-1-one
1348 0.15 –

58 17.44 α-Copaene 1373 0.11 –
59 17.62 Phenylethyl butyrate 1386 0.19 –
60 17.71 (E)-Jasmone 1392 0.13 –
61 17.78 3-Isopropylbenzaldehyde 1397 – 0.16
62 17.90 Premnaspirodiene 1407 – 0.09
63 17.98 α-Cedrene 1412 – 0.09
64 18.06 (E)-Caryophyllene 1418 – 0.18
65 18.31 Germacrene B 1438 0.08 –

Table 1 (continued)

Noa Rt (min) Compound Name RIb % E.
saligna

% C.
lusitanica

66 18.37 (E)-Muurola-3,5-diene 1443 – 0.54
67 18.59 α-Guaiene 1459 0.15 –
68 18.61 (E)-Muurola-4(14),5-diene 1461 – 3.40
69 18.69 α-Macrocarpene 1467 – 0.19
70 18.76 α-Curcumene 1473 – 0.21
71 19.02 Viridiflorene 1492 0.09 0.00
72 19.01 Epizonarene 1492 – 0.73
73 19.07 β-Macrocarpene 1497 – 0.18
74 19.14 β-Vetivenene 1502 – 0.11
75 19.24 Durohydroquinone 1510 0.09 –
76 19.33 (Z)-Calamenene 1518 – 1.98
77 19.51 α-Dehydro-ar-himachalene 1533 – 0.35
78 19.59 β-Calacorene 1539 – 0.43
79 19.82 γ-Gurjunene 1558 0.05 –
80 19.83 α-Calacorene 1559 – 0.12
81 19.93 Pogostol 1567 0.08 –
82 20.03 Spathulenol 1576 0.43 0.05
83 20.11 Caryophyllene oxide 1582 – 0.23
84 20.11 Globulol 1582 0.17 –
85 20.43 iso-Leptospermone 1608 3.23 –
86 20.45 1,10-di-epi-Cubenol 1611 – 0.35
87 20.51 α-Colocalene 1616 – 0.08
88 20.65 β-Gurjunene 1628 0.08 –
89 20.65 β-Acoradiene 1628 – 0.36
90 20.75 (Z)-Cadina-1(6),4-diene 1637 – 0.26
91 20.91 β-Eudesmol 1650 – 0.43
92 21.13 Cadalene 1670 – 0.14
93 21.33 (Z)-14-nor-Muurol-5-en-4-one 1688 – 1.89
94 21.46 10-nor-Calamenen-10-one 1699 – 0.17
95 22.55 (Z)-5-Hydroxy-calamenene 1823 – 0.08
96 23.61 Isopimara-9(11),15-diene 1926 – 0.14
97 23.94 Kaur-15-ene 1961 – 0.03
98 24.26 Sandaracopimara-8(14),15-diene 1996 – 0.22
99 24.52 13-epi-Manool oxide 2024 – 0.27
100 25.37 Abietadiene 2115 – 0.12
101 25.81 Nezukol 2163 – 0.68
102 27.35 (E)-Totarol 2342 – 0.08

–= Absent.
a No = Peak numbers as indicated in Figs. 1 & 2.
b RI = Retention Index.
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corrected percentage insect mortality and percentage repellence were
homogenized using angular transformation (Sokal and Rohlf, 1995),
before being subjected to two-way Analysis of Variance (multiple
comparisons) (SPSS, 2010). The means were separated using Tukey
Honestly Significant Difference (HSD) test at the 5% significance level
(Sokal and Rohlf, 1995). For the relationship between doses of essential
oils used and insect mortality, the lethal concentration that killed 50%
(LC50) of test insects was determined using Probit Regression Analysis
(SPSS, 2010). In a column, any two calculated LC50 values whose 95%
feducial limits did not overlap were considered as significantly different
(Finney, 1971).

3. Results

3.1. Residual contact toxicity

The C. lusitanica leaf essential oils produced dose-, insect species-
and storage duration-dependent residual contact toxicity against adult
T. castaneum, A. obtectus and S. zeamais. At 0.20% v/w and treated grain
storage period of 30 days, C lusitanica leaf essential oils caused 6.3, 25.0
and 85.0% kill of adult T. castaneum, S. zeamais and A. obtectus, re-
spectively, 168 h post-introduction of test insects (Fig. 3a). The C. lu-
sitanica oil treated grains stored for 30 days was toxic to adult S. zeamais
and A. obtectus with LC50 values of 0.07 and 0.12% v/w, respectively
168 h post-introduction of test insects. On the other hand, the oil at the
same concentration was less toxic to T. castaneum with LC50 of 0.79% v/

Fig. 1. Chromatogram of the leaf essential oil of Eucalyptus saligna. Peaks 1–88 show the essential oil components identified.
(Source: Bett et al., 2016).
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w, 168 h post-introduction of test insects (Table 2). However, at the
same concentration and 120 days grain storage duration, C lusitanica
oils caused a mortality of 5.0, 17.5 and 65.0% in adult S. zeamais, T.
castaneum and A. obtectus, respectively 90 h post-introduction of test
insects (Fig. 4a). At the longest storage duration of 120 days, C. lusi-
tanica oil was also toxic to T. castaneum and A. obtectus and S. zeamais,
with LC50 values of 0.12, 0.13 and 0.38% v/w, respectively 168 h post
introduction of test insects (Table 2).

The E. saligna oils also produced dose-, insect species- and storage
duration-dependent residual contact toxicity against T. castaneum, A.
obtectus and S. zeamais. Results also indicated that at a dose of 0.20% v/
w, E. saligna oil was highly efficacious over treated grain storage period
of 30 days causing 32.5, 90.0 and 93.0% mortality against adult T.
castaneum, S. zeamais and A. obtectus, respectively 168 h post-in-
troduction of test insects (Fig. 3b). E. saligna oil treated grain storage

period of 30 days had similarly high toxicity levels with LC50 values of
0.003 and 0.005% v/w for A. obtectus and S. zeamais respectively 168 h
post-introduction of test insects. T. castaneum was more tolerant, with
LC50 values of 0.51% v/w 168 h post-introduction of test insects
(Table 3).

The same results trend was observed at same concentration and
120 days grain storage duration where S. zeamais and A. obtectus were
most susceptible to E. saligna oil causing mortalities of 90 and 93%,
respectively 168 h post-introduction of test insects (Fig. 4b). However,
at the same concentration and 120 days grain storage duration, E. sal-
igna oils caused a mortality of 5.0, 60.0 and 64.2.0% in T. castaneum, S.
zeamais and A. obtectus, respectively 168 h post-introduction of test
insects. Similar LC50 values were observed for E. saligna oil after
120 days grain storage duration with T. castaneum, S. zeamais and A.
obtectus recording LC50 values of 0.04, 0.10 and 0.70% v/w respectively

Fig. 2. Chromatogram of the leaf essential oil of Cupressus lusitanica. Peaks 7–102 show the essential oil components identified.
(Source: Bett et al., 2016).
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168 h post-introduction of test insects (Table 3). By comparison, A.
obtectus was the most susceptible whereas T. castaneum was the most
tolerant of the three insect species to C lusitanica oils.

3.2. Residual repellence of essential oils

3.2.1. C. lusitanica essential oil
Results of residual repellence of C. lusitanica leaf essential oils

against S. zeamais, T. castaneum and A. obtectus after 30–120 days of
grain storage are presented in Fig. 5. The C. lusitanica leaf essential oils
produced a dose-, grain storage duration- and exposure time-dependent
percent residual repellence against adult T. castaneum, A. obtectus and S.
zeamais. Data also showed that, at the highest concentration of 0.20%
v/w and 30 days grain storage duration, C. lusitanica leaf essential oil
was moderately repellent to S. zeamais (49.3%) but produced low PR
values against T. castaneum (13.2%) and A. obtectus (32.2%) 12 h post-
introduction of test insects (Fig. 3). At the same concentration and
120 days grain storage duration, the oil was moderately repellent with
PR values of 37.9, 47.6 and 51.1% against adult A. obtectus. S. zeamais
and T. castaneum, respectively 12 h post-introduction of test insects
(Fig. 5).

3.2.2. E. saligna essential oil
Data on residual repellence of E. saligna leaf essential oils against S.

zeamais, T. castaneum and A. obtectus after 30–120 days grain storage
duration are presented in Fig. 6. The E. saligna leaf essential oils pro-
duced dose-, grain storage duration- and exposure time-dependent re-
sidual PR against adult T. castaneum and S. zeamais except A. obtectus in
which all factors were insignificant. The PR values for E. saligna es-
sential oils, at 0.20% v/w and 30 days grain storage duration, against
adult A. obtectus, S. zeamais and T. castaneum were 17.8%, 22.9% and
33.6%, respectively, 12 h post-introduction of test insects (Fig. 4). Si-
milarly, at the same concentration and 120 days grain storage duration;
oil was moderately repellent with a PR value of 52.4% in T. castaneum
but weakly repellent to A. obtectus (34.0%) and S. zeamais (36.6%), 12 h
post-introduction of test insects (Fig. 6).

4. Discussion

From the results of residual contact toxicity, C. lusitanica and E.
saligna essential oils exhibited concentration- and storage and contact
duration-dependent toxicity against S. zeamais, T. castaneum and A.
obtectus. The fact that oils at a concentration of 0.20% v/w and storage
duration of 30–120 days caused moderate to high mortalities of S.

Fig. 3. Percent mortality (Mean ± SE, n = 4) of T. castaneum, A. obtectus and S. zeamais
after 30 days contact with five concentrations (v/w) of (a) C. lusitanica and (b) E. saligna
leaf essential oils.

Table 2
LC50 values (% v/w) of C. lusitanica essential oils after 30–120 days storage duration and 24–168 h contact with test insect pests (Tribolium castaneum, Acanthoscelides obtectus and
Sitophilus zeamais).

Grain Storage Duration (Days)

aInsect/Time (h) 30 60 90 120

T. castaneum
24 0.29(0.20, 2.59a) 22.5(−)b 3.05(−)b 0.78(−)b

72 0.29(0.18, 6.51)c 0.35(0.22, 14.1)c 4.7(−)b 3.22(−)b

120 0.29(0.18, 6.51)c 2.57(0.19,0.78)c 0.18(0.12,1.50)c 0.84(−)b

168 0.79(−)b 0.26(0.19,0.79)c 0.18(0.12,1.51)c 0.12(0.09,0.16)c

A. obtectus
24 1.43(−)b 1.22(0.14,2.60)c 0.36(0.20,398.0)c 0.49(0.23,8649)c

72 0.44(0.28,1.40)c 0.71(0.35,9.85)c 0.61(−)b 0.72(0.35,11.50)c

120 0.19(−)b 0.26(−)b 0.19(−)b 0.26(−)b

168 0.12(−)b 0.03(0.0, 0.051)c 0.28(−)b 0.13(−)b

S. zeamais
24 1.72(−)b 0.24(0.16,0.96)c 0.35(0.23,114.7)c 0.28(0.21,1.60)c

72 0.29(0.19,1.50)c 0.17(0.12,0.51)c 0.31(0.20, 2.30)c 0.41(0.24,63.10)c

120 0.18(0.12,1.0)c 0.07(0.04, 0.09)c 0.30(0.21, 13.4)c 0.24(0.15, 143.8)c

168 0.07(0.04,0.10)c 0.06(0.04, 0.07)c 0.30(0.21, 13.4)c 0.38(0.24,10.27)c

Probit Pearson Goodness -of –fit (χ2 = 3.5–4.8, df = 2, P < 0.27).
a Figures in parentheses represent the lower and upper 95% confidence limits for the LC50 values.
b Significant response in Probit Regression Analysis at P < 0.05.
c Insignificant responses.
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zeamais and A. obtectus demonstrates the potential of oils in the control
of stored product insect pests during long-term storage of products.
However, T. castaneum was clearly tolerant to C. lusitanica and E. saligna
essential oils for storage durations of 30–120 days at concentrations of
0. 20% v/w.

The same trend is observed in other studies where essential oils have

exhibited different toxicities against coleopteran and lepidopteran in-
sect pests of stored cereals and legumes. In short-term residual bioac-
tivity studies with crude powders and extracts, significant adult insect
mortalities and reproductive inhibitory effects against coleopteran pests
of stored food commodities have also been reported (Al-Jabr, 2006;
Ogendo et al., 2008a; Nivea et al., 2013). For instance, in local residual
contact toxicity studies for 4-month storage duration, T. vogelii fruit
essential oil had stronger residual toxicity (31–47% kill) than leaf oil
(18–21% kill) against S. oryzae. The converse was true for O. amer-
icanum leaf oil that caused 58–75% kill of C. chinensis compared to
37–53% mortality rates by T. vogelii leaf oil (Ogendo et al., 2011). Nivea
et al. (2013) reported that O. americanum essential oil was strongly
toxic against C. maculatus adults (LC50 = 0.23 μl l−1 air) while the oils
from Hyptis suaveolens L. (Lamiaceae), H. spicigera L. (Lamiaceae) and
Lippia multiflora Moldenke (Lamiaceae) exhibited higher LC50 values of
1.30, 5.53 and 6.44 μl l−1 air, respectively. The persistence of the
biological activity of the four oils was variable and that from O.
americanum was most persistent. In addition, Al-Jabr (2006) was able to
demonstrate that complete mortality of Oryzaephilus surinamensis L.
(Coleoptera: Silvanidae) could be achieved by Mentha viridis L. (La-
miaceae), Matricaria chamomilla L. (Asterales: Asteracae) and Cinna-
momum camphora L. (Lauraceae) at concentration more than 0.5%.
Although, 1% of Prunus amygdalus L. (Rosaceae) and Cymbopogon win-
terianus L. (poaceae) gave complete mortality of T. castaneum after two
weeks of exposure. Conversely, Rosmarinus officinalis L. (Lamiales: La-
miaceae) was the least toxic to both insect species.

The observed differential toxicity effects of C. lusitanica and E. sal-
igna essential oils against four coleopteran pests of stored food grains
could be explained by individual and/or synergistic bioactivity of major
chemical constituents and differential responses by test insect species
(Arriaga et al., 2005; Ogendo et al., 2013). In the current study, it was
clear that A. obtectus were more susceptible to test essential oils com-
pared to S. zeamais and T. castaneum. The possible explanation for this
variation is the fact that adult stages of A. obtectus do not feed, hence
become progressively weaker making them more susceptible to toxic
effects of test oils. Contact toxicity of essential oils against insect pests
has been associated previously to presence of 1, 8-cineole, eugenol,
methyl eugenol, and limonene and α-pinene among other bioactive
essential oil constituents (Ilboudo et al., 2010; Abd-Elhady, 2012;
Olivero-Verbel et al., 2013.). The insecticidal activity of eucalyptus oils

Fig. 4. Percent mortality (Mean ± SE, n = 4) of T. castaneum, A. obtectus and S. zeamais
after 120 days contact with five concentrations (v/w) of (a) C. lusitanica and (b) E. saligna
leaf essential oils.

Table 3
LC50 values (% v/w) of E. saligna essential oils after 30–120 days storage duration and 24–168 h contact with test insect pests (Tribolium castaneum, Acanthoscelides obtectus and Sitophilus
zeamais).

Grain Storage Duration (Days)

Insect/Time (h) 30 60 90 120

T. castaneum
24 0.17(0.14,25.00a)c 0.36(−)b 0.36(−)b 0.36(−)b

72 0.11(0.08, 0.13)c 0.42(−)b 0.42(−)b 0.48(−)b

120 0.106(−)b 0.43(0.22,2126)c 0.62(−)b 0.73(−)b

168 0.51(0.30, 2.21)c 0.26(0.18,1.60)c 0.62(−)b 0.7(−)b

A. obtectus
24 0.16(−)b 0.22(0.19,0.42)c 0.58(−)b 0.58(−)b

72 0.12(0.09,0.14)c 0.16(−)b 0.27(0.17, 3.90)c 0.59(−)b

120 0.06(0.05,0.08)c 0.06(−)b 0.12(0.09,0.17)c 0.12(0.09,0.17)c

168 0.003(−)b 0.38(0.22, 4.77)c 0.04(−)b 0.04(−)b

S. zeamais
24 0.21(−)b 0.07(−)b 0.09(−)b 0.25(−)b

72 0.20(0.16,0.33)c 1.7(0.49,2687.7)c 0.11(0.08, 0.15)c 0.12(0.99,0.15)c

120 1.79(0.49, 2688.7)c 0.06(0.03,0.08)c 0.06(0.03,0.08)c 0.12(0.99,0.15)c

168 0.005(−)b 0.38(0.22, 4.77)c 0.09(0.05,0.14)c 0.10(0.05, 0.17)c

Probit Pearson Goodness -of –fit (χ2 = 0.001-2.8, df = 2, P < 0.99).
a Figures in parentheses represent the lower and upper 95% confidence limits for the LC50 values.
b Significant response in Probit Regression Analysis at P < 0.05.
c Insignificant responses.
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has been associated with components such as 1, 8-cineole, citronellal,
citronellol, citronellyl acetate, p-cymene, eucamalol, limonene, linalool,
α-pinene, γ-terpinene, α-terpineol, alloocimene, and aromadendrene
(Batish et al., 2008; Su et al., 2006; Liu et al., 2008; Bett et al., 2016).

The results of residual repellency assays of leaf essential oils of C.
lusitanica and E. saligna against test insects showed variable responses.
However, repellence was influenced by insect and plant species, con-
centration of oil exposure time and storage duration. Results on instant
repellence have shown clearly that C. lusitanica essential oil was a
strong repellent against T. castaneum at a concentration of 0.20% v/w
after 24 h of exposure and moderately repellent against S. zeamais. E.
saligna oil was a poor repellent in all test insects even at higher con-
centrations and longer exposure periods. The C. lusitanica essential oil
main constituents umbellulone, α-pinene could have contributed to its
repellent activity against T. castaneum. However, minor essential con-
stituents such as camphor, α-terpineol, limonene (Table 1) may have
contribute synergistically to the overall repellent activity of the major
constituents (Mossi et al., 2011).

These results are in agreement with previous local studies in which
instant repellency depended on inter-plant species, intra-plant varia-
tions, concentration, insect species. Essential oils obtained from L. ca-
mara, O. americanum, and T. vogelii were effective repellents against S.
oryzae, T. castaneum, C. chinensis and R. dominica with PR values in the
range of 60–83% (Ogendo et al., 2008b). Chebet et al. (2013) demon-
strated that grains treated with crude powders of T. vogelii and Aza-
dirachta indica Juss (Meliaceae) were equally the most repellent (PR
values: 88–90%) against adult P. truncatus followed by L. camara (PR
73%). Tapondjou et al. (2005) reported essential oils and cymol (p-
cymene) obtained from E. saligna and C. sempervirens, to have repellent

and toxic effects on S. zeamais and T. castaneum. The observed variable
repellent activity could partly be attributed to the presence of volatile
constituents such as monoterpenes and sesquiterpenes which are well-
known repellents of phytophagous (biting) insects by acting in the va-
pour form on the olfactory receptors (Lee et al., 2003; Wang et al.,
2006). The highly repellent effects of the main constituents of essential
oils such as 1, 8-cineole, terpineol and a-pinene have been demon-
strated (Tapondjou et al., 2005; Bett et al., 2016).

The results indicate also that repellence decreased with dosage and
even negative repellence (attraction) observed. It was also observed
that in residual repellence assay percent repellence increased with ex-
posure time in all test insects. The insecticidal constituents of many
plant extracts and essential oils are monoterpenoids. Due to their high
volatility they may be lost after long exposure periods (Regnault-Roger
et al., 2012). However high volatility can be overcome by mixing es-
sential oils with Kaolin powder (clay) and diatomaceous earths (Keita
et al., 2000, 2001; Campolo et al., 2014). Fumigation of Callosobruchus
maculatus L. (Coleoptera: Chrysomelidae) with Ocimum basilicum L.
(Lamiaceae) and O. gratissimum essential oils mixed with kaolin powder
caused 70–99% mortality of adults and adult emergence reduced by
0–4% (Keita et al., 2000, 2001) compared to pure oils. In similar stu-
dies, Campolo et al. (2014) found Citrus sinensis L. (Rutaceae) essential
oil showed a synergistic effect on the mortality of R. dominica, if com-
bined with kaolin, and antagonistic effect when admixed with diato-
maceous earth.

Similar results trend were also observed by Wambua et al. (2011)
who reported a dose- and exposure time-dependent negative repellence
(attraction) of Helicoverpa armigera Hubner (Lepidoptera: Noctuidae)
larvae to chickpea leaves treated with aqueous extracts of T. vogelii.

Fig. 5. Percent repellence (Mean ± SE, n = 4) of C. lusitanica essential oils against adult T. castaneum, A. obtectus and S. zeamais 12 h post-exposure of test insects and in (a) 30 days (b)
60 days (c) 90 days and (d)120 days grain storage duration.
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Ogendo et al. (2003) reported that maize grains admixed with Actellic
Super™ 2% (Pirimiphos-methyl + Permethrin) dust registered negative
PR values against S. zeamais due to the arrestment of test insect by the
chemical. In similar studies, Ogendo et al. (2008b) reported eugenol
produced PR values that decreased with dosage of C. chinensis on
treated grains. The major cause of the negative PR values was possibly
due to the high contact toxicity of eugenol (Ogendo et al., 2008b)
against C. chinensis.

Essential oil-based insecticides are very important for the control of
stored insects because they are active against a variety of insects, fast
penetrating and no toxic residues in the treated products (Mbata and
Payton, 2013). However, setbacks of using essential oils include vola-
tility, solubility and oxidation, which plays an important role in the
their activity, application and persistence. Plant-insecticides as com-
pared to synthetics have manifold effects on insect pests of stored
products: insecticidal, repellent and reproduction inhibition (Nerio
et al., 2010; Alzogaray et al., 2011; Caballero-Gallardo et al., 2012).
The combination of all these methods used simultaneously or alter-
nately, would certainly decrease the undesirable and secondary effects
of and also reduce the amounts of insecticide employed. Therefore, the
moderate residual toxicity and repellence C. lusitanica and E. saligna
essential oils against T. castaneum, A. obtectus, and S. zeamais can still

contribute to the management of these insect pests considering also the
other adverse effects of the essential oils.
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