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Abstract

The essential oil (EO) from the leaves of Tithonia diversifolia (Hemsl.) A. Grey was investigated to determine chemical
composition and fumigant toxicity against two major stored grain pests rice weevil, Sitophilus oryzae (L.) (Coleoptera:
Curculionidae) and red flour beetle, Tribolium castaneum (Herbst.) (Coleoptera: Tenebrionidae). A total of 78 compounds
were identified by GC-MS of which a-Pinene (63.62%), Bicyclo [3.1.0] hexane, 4-methylene-1-(1-methyl ethyl)- (14.68%)
and 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- (2.34%) were most abundant. EO from leaves of T. diversifolia showed
strong fumigant activity against S. oryzae adults with LCs, values of 95.12, 77.00 and 74.68 uL/L air after 24, 48 and 72 h
of exposure whereas for T. castaneum the LCs, values were 102.67, 98.12 and 81.54 uL/L air, respectively. Mortality rates
increased with increasing exposure periods and increasing concentration. These naturally occurring materials derived from
EO of T. diversifolia could be used to manage the populations of S. oryzae and T. castaneum. It was found that the EO’s of
T. diversifolia is very effective as a fumigant against stored grain insect pests and can also be used as an alternative to the
synthetic fumigants.

Keywords Fumigant toxicity - Chemical composition - Tithonia diversifolia - Essential oils - Sitophilus oryzae - Tribolium
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Introduction

Globally, the quantitative and qualitative loss of stored
grains products after postharvest storage in the temperate
zone may amount up to 5-10% and 20-30% in the tropical
zone (Rajendran and Sriranjini 2008). Most of this damage
is caused by the stored grain insect pests belonging to the
Coleoptera which are distributed worldwide (Howe 1965;
Sinha and Watters 1985). The primary beetle pests in stored
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grains are Rhyzopertha dominica (F.) (Coleoptera: Bostrichi-
dae); Sitophilus oryzae (L.) (Coleoptera: Curculionidae) and
the main secondary pest is the grain beetle Tribolium cas-
taneum (Herbst). (Coleoptera: Tenebrionidae) (Shaaya et al.
2006). Their effective control has been commonly based on
synthetic or conventional insecticides (Rajashekar et al.
2016). However, continuous use of synthetic insecticides
for decades has resulted in the widespread development of
resistance and detrimental effects on non-target organisms
(Subramanyam and Hagstrum 1995). These insecticides
also generate environmental pollution, and their residues
often persist in food products (Sharma and Meshram 2006).
Therefore, due to the problem of resistance to synthetic
insecticides, the situation demands a serious effort to find
out some safe, viable, biodegradable, newer eco-friendly and
effective substitute for these conventional insecticides from
natural origin (Rajendran and Sriranjini 2008; Rajashekar
et al. 2013). One alternative is the use of essential oil (EO)
from aromatic plants. Several essential oils are currently
being used in the manufacturing process of many industrial
products in the fields of cosmetics, perfumery, cleaning,
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pharmacology, chemistry and also as insecticides (Reg-
nault-Roger et al. 2012; Devi et al. 2019). Insects either do
not develop resistance or have reduced resistance against
essential oils due to synergistic action between the different
molecules (Varma and Dubey 1999) and with the possible
advantage over the synthetic fumigants like less toxicity to
mammals, a fast degradation period plus easy local avail-
ability (Isman 2000; Devi et al. 2020). The tree marigold or
Mexican sunflower, Tithonia diversifolia (Hemsl.) A. Grey is
a medicinal plant belonging to the family Asteraceae (Com-
positae) distributed widely across the humid and sub-humid
tropics and native to Mexico, Asia, Central America and
Africa (Ayeni et al. 2008; Carter 1978; Zhai et al. 2010).
T. diversifolia essential oil has found to have insecticidal
activity against the aphids (Aphis fabae), bean foliage bee-
tles (Ootheca mutabilis and O. bennigseni) and flower bee-
tles (Epicauta albovittata and E. limbatipennis) feeding on
Phaseolus vulgaris L. common bean, plants (Mkenda et al.
2015). This plant has been used traditionally as herbs with
agricultural benefits in some developing countries because
of its insecticidal properties (Castano-Quintana et al. 2013).
However, our knowledge concerning the chemical compo-
sition of the T. diversifolia essential oil is very mited, and
insecticidal activity against stored grain insects has also not
been investigated. Therefore, the objective of this study was
mainly to identify the chemical composition and evaluate the
fumigant toxicity of the T. diversifolia essential oils against
two insect pests of stored grains namely the rice weevil, S.
oryzae and red flour beetle, T. castaneum adults.

Materials and methods
Collection of plant material

The fresh leaves of Tithonia diversifolia (Hemsl.) A.
Grey was collected from Tupul, Tamenlong district,
(N-24°47°51.74”, E-093°45°56.85”") Imphal, Manipur, India
and were stored in a refrigerator at 4 °C. The plant samples
were identified by Dr. Biseshwori Thongam (Plant taxono-
mist, Institute of Bioresources and Sustainable Develop-
ment, Imphal, Manipur, India).

Extraction of the essential oil

The collected leaves of T. diversifolia were washed carefully
with running tap water to remove dust and other foreign
particles. The plant materials were partially dried at the tem-
perature of 25 °C-27 °C for 2-3 days. The partially dried
plant sample was cut into small pieces making into a length
of 2-3 cm by a Secateur. 1 kg of the plant material was
precisely weighed, and 4 L of distilled water was added and
were placed in a distillation apparatus. The essential oils of
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the plant sample were obtained at 60 °C after 3—4 h of steam
distillation in a Clevenger-type apparatus (Borosil, India)
(Demirci et al. 2008). The essential oil was dried using anhy-
drous sodium sulphate (HiMedia, India), filtered and stored
in an amber glass vial in a refrigerator at 4 °C until it was
analysed and tested for further bioassays.

Test insects

The rearing and maintenance of S. oryzae cultures as on
whole wheat (moisture content 12.5-14%), Triticum aesti-
vum (Poales: Poaceae) whereas the cultures of 7. castaneum
were in whole wheat flour containing 2% brewers yeast pow-
der. The two test insect cultures were collected from the
warehouse, Food Corporation of India (FCI), Sangaiprou,
Imphal West, India. Mix-sexed adults of S. oryzae (3-5 d
old) and T. castaneum (2-3 d old) were used in the experi-
ments. The insect cultures were held and maintained at 30
+ 1 °C and 70% relative humidity in the insect incubation
chamber. Experiments were conducted in the laboratory at
27 +2°Cand 70 + 5% r.h. (Leelaja et al. 2007; Rajashekar
et al. 2016).

Chemical analysis of the essential oil

Analysis of the chemical composition of the essential oil
was done by using a gas chromatograph (Trace 1300) cou-
pled with mass spectrometry (TSQ Duo) (Thermo Fisher
Scientific Pte Ltd, Blk 33 Marsiling Industrial Estate Road
3#07-06, Singapore- 739256). The column used was a TG-
SMS silica capillary column of 30 m X 0.25 mm i.d. and
0.25 pum film thickness. The ionization energy was adjusted
to 70 eV for GC-MS detection, and the temperature of the
injector and mass transfer line was set at 250 °C and 250 °C,
respectively. Helium was used as a carrier gas at a flow rate
of 1 ml/min with an injection volume of 0.5 pl for each
sample (1:100 sample oil in hexane). Column temperature
programmed from 40 °C for 1 min to 250 °C at a rate of
5 °C/min heating ramp and then held at 250 °C for 20 min.
Identification of the chemical compounds was based on the
highest reverse search index value of the mass spectra pre-
sent in the National Institute of Standards and Technology
(NIST) GC-MS Libraries 2017.

Fumigant toxicity assays

Fumigant activity of essential oil was determined against the
adults of the two insect pests of stored grains as described
by Devi et al. (2019). Filter paper discs were impregnated
with different doses of the essential oils starting from 50 to
100 pL/L air. Preliminary experiments were carried out to
determine the dose to be used in the fumigant toxicity tests.
The fumigant bioassay was performed with 10 adults of each
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tested insect species for each dose in glass jars witha 1 L
volume. The impregnated filter papers were placed in the
middle of the fumigation chamber supported by a porcelain
plate to stop direct contact to the insect pests and to provide
surface area for evaporation of essential oil. Different doses
of EO’s were injected by using a gas-tight microsyringe in
each glass jar, and injection wasw done through a rubber
septum fitted in the desiccator lid. There were 4 replicates
per dose with the same number of untreated control repli-
cates for both species at exposure times of 24, 48 and 72 h
at 28 + 2 °C and 70% RH. After the fumigation exposure,
the test insects were removed from the desiccators and were
transferred into the clean vials with food media to determine
insect mortality. Thus mortality rates were recorded for each
dose rate and exposure time. Insects were regarded as dead
when no movements were found when they were lightly
probed or shaken in the light under mild heat.

Statistical analysis

By using the Abbott formula equation (1925), percentage
mortality was calculated while the LCs, values with their
respective confidence limits were calculated by Probit analy-
sis (Finney 1971) using Statplus 2007 software statistical
programme.

Results
Chemical composition of the essential oil

The leaves of T. diversifolia yielded 0.19% (v/w) of a pale-
yellow oil with an unpleasant odour. The GC-MS analysis
identified 78 compounds accounting for 99.99% of the total
oil composition (Table 1; Fig. 1). The major EO components
were a-pinene (63.62%), bicyclo [3.1.0] hexane, 4- methyl-
ene-1-(1-methylethyl)- (14.68%), 1,6,10-Dodecatrien-3-ol,
3,7,11-trimethyl-, (E)- (2.34%),Cyclohexene,1-methyl-5-
(1-methylethenyl)-,(R)- (1.71%), Caryophyllene (1.26%),
and Camphene (1.16%) that all likely contributed to the
insecticidal activity through different odour types (a-Pinene-
Woody odour, Bicyclo [3.1.0] hexane, 4- methylene-1-(1-
methylethyl)- Spicy odour, 1,6,10-Dodecatrien-3-ol,
3,7,11-trimethyl-, (E)- Fruity odour, Cyclohexene,1-methyl-
5-(1-methylethenyl)-,(R)- Fir wood, Caryophyllene- clove
or pepper odour and Camphene-Pungent odour. The high
content of a pinene in T. diversifolia makes the oil similar to
those previously reported by (Menut et al. (1992) Moronkola
et al. (2007) and Chukwuka et al. (2014). Three monoter-
penes (exclusively hydrocarbons), namely cis-f-ocimene
(43.7%), a-pinene (28.6%) and limonene (12.0%) were
reported from the essential oils of 7. diversifolia collected
from Nigeria (Adebayo et al. 2008). Moronkola et al. (2007)

reported 72 essential oil components from the leaf oils of T.
diversifolia and the chemical composition comprises mainly
a-pinene (32.9%), p-caryophyllene (20.8%), germacrene D
(12.6%), p-pinene (10.9%) and 1,8-cineole (9.1%), while
germacrene D (20.3%), f-caryophyllene (20.1%) and bicy-
clogermacrene (8.0%) were characterized from the flower
oils. Green et al. (2017) also reported that the sesquiterpene,
namely Tagitinin A isolated from the methanolic extract
from the leaves of 7. diversifolia has contact toxicity against
recently emerged adults of Callosobruchus maculatus (Fab-
ricius) (Coleoptera: Chrysomelidae) reared on cowpea seeds
(Vigna unguiculata). The difference observed in the chemi-
cal composition of the essential oils of 7. diversifolia may be
attributed to the environment for plant growth, genetic dif-
ferences, geographical and ecological variations such as soil,
climatic condition, place of cultivation and experimental
conditions such as stabilization and storage of EO’s can also
affect its oil composition of the same species. (Gobbo-Neto
and Lopes 2007). Hence, Perry et al. (1999) also reported
that environmental differences can affect the biochemical
yield of essential oils in plants.

Fumigant activity of the essential oil

T. diversifolia oil was tested for fumigant toxicity against S.
oryzae and T. castaneum adults and their LCs, values are
shown in Table 2. The oil showed significant fumigant activ-
ity and it was clear that with an increase in the dosage and
exposure time, the fumigant activity also increases. It was
observed that 7. diversifolia essential oils were more toxic
to S. oryzae adults than to T. castaneum adults. The highest
concentration (100 uL/L) of the oil resulted in 100% mor-
tality of S. oryzae adults after 24, 48 and 72 h of exposure
time, but the mortality rate of T. castaneum at the highest
concentrations were 85%, 95% and 100% after 24 h, 48 h and
72 h exposure time, respectively. Essential oils of T. diversi-
folia also showed strong fumigant activity against S. oryzae
adults with LCs, value of 95.12 pL/L air, 77.00 uL/L air
and 74.68 uL/L air whereas in the case of T. castaneum the
LCs, value was 102.67, 98.12 and 81.54 pL/L air after 24, 48
and 72 h of exposure time, respectively. These investigations
also revealed that an increase in mortality with increasing
exposure times at the dosage of 100 pL/L was observed in
both tested insects.

Discussion

Many studies on the chemical profiles of EO obtained from
leaves and flowers of T. diversifolia have been reported.
In the present study, 78 compounds were identified by
GC-MS from which a-pinene (63.62%), bicyclo [3.1.0]
hexane, 4-methylene-1-(1- methylethyl)-(14.68%) and
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Table 1 Chemical composition of essential oils from Tithonia diversifoilia (Hems.) A Grey

Peak no. RAC RT* Component RSI® RSI® %

1 8.40 Tricyclo [3.2.1.0(2,4)]octane, 8-methylene-, (1a,2a,4a,5a)- 963 0.06
2 8.55 Bicyclo [3.1.0] hex-2-ene, 4-methyl-1-(1-methylethyl)- 934 0.13
3 8.81 a-Pinene 928 63.62
4 9.18 Camphene 945 1.16
5 9.49 Benzaldehyde 91 0.04
6 10.02 Bicyclo [3.1.0] hexane,4-methylene-1-(1-methylethyl)- 931 14.68
7 10.52 3-Penten-1-ol, 2-methylene-,(E)- 878 0.07
8 10.80 Bicyclo [2.2.1]heptane,2,2-dimethyl-3-methylene-,(1R)- 896 0.04
9 11.18 Cyclohexene,1-methyl-4-(1-methylethylidene)- 925 0.09
10 11.4 o0-Cymene 954 0.14
11 11.55 Cyclohexene,1-methyl-5-(1-methylethenyl)-,(R)- 907 1.71
12 11.64 Silabenzene,1-methyl- 959 0.04
13 12.45 ¢-Terpinene 919 0.33
14 12.70 5-Isopropyl-2-methylbicyclo[3.1.0]hexan-2-ol # 939 0.36
15 13.35 Cyclohexene,1-methyl-4-(1-methylethylidene)- 912 0.10
16 13.63 5-Isopropyl-2-methylbicyclo[3.1.0]hexan-2-ol # 921 0.66
17 14.14 (E)-4,8-Dimethylnona-1,3,7-triene 894 0.05
18 14.32 1-Methylene-2-vinylcyclopentane 898 0.08
19 14.86 Bicyclo[3.1.1]heptan-3-0l,6,6-dimethyl-2-methylene-,[1S-(1a,33,53)]- 923 0.54
20 15.01 trans-Verbenol 936 0.33
21 15.21 6-Octenal, 3,7-dimethyl-, (S)- 935 0.08
22 15.55 Bicyclo[4.1.0]heptan-3-one,7,7-dimethyl-4-methylene-,(1R)- 848 0.08
23 15.65 Bicyclo[2.2.1]heptane-7-methanol, 2-hydroxy-1,7-dimethyl- 884 0.11
24 15.97 Terpinen-4-ol 908 0.77
25 16.16 Benzenemethanol,a,a,4-trimethyl- 850 0.05
26 16.34 a-Terpineol 928 0.15
27 16.53 (-)-Myrtenol 912 0.09
28 16.68 Cyclopenta[c]pyran-1,3-dione, ,4a,5,6-tetrahydro-4,7-dimethyl- 875 0.11
29 16.90 4,7,7-Trimethylbicyclo[4.1.0]hept-3-en-2-one 872 0.05
30 16.99 2-Pentene, 2,4-dimethyl- 871 0.14
31 17.13 Cyclobutaneethanol,4-methylene- 920 0.05
32 17.34 6-Octen-1-ol, 3,7-dimethyl-,(R)- 928 0.21
33 17.74 1H-Benzotriazole,7-amino-1-methyl- 887 0.04
34 18.08 2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)- 887 0.23
35 18.63 1H-Indene-4-carboxaldehyde,2,3-dihydro- 939 0.04
36 20.68 Cyclohexene,1,5,5-trimethyl-6-(2-propenylidene)- 919 0.11
37 20.90 Phenol,2-methoxy-3-(2-propenyl)- 934 0.17
38 21.49 a-Cubebene 916 0.69
39 21.64 S-(2-phenylethyl) ester Modephene 958 0.57
40 21.82 (1R,3aS,5aS,8aR)-1,3a,4,5a-Tetramethyl-1,2,3,3a,5a,6,7,8-octahydrocyclopenta[c]pentalene 917 0.33
41 22.35 (1R,3aS,5aS,8aR)-1,3a,5a-Trimethyl-4-methylenedecahydrocyclopenta[c]pentalene903 918 0.21
42 22.65 Caryophyllene 951 1.26
43 23.43 Tricyclo[3.2.1.0(2,4)]octane,8-methylene-, (13,2a,4a,52)- 869 0.05
44 23.50 Cyclohexene,4-[(1E)-1,5-dimethyl-1,4-hexadien-1-yl]-1-methyl- 887 0.11
45 23.63 1,5-Diphenylhex-3-ene 880 0.07
46 23.69 (1R,9R,E)-4,11,11-Trimethyl-8-methylenebicyclo [7.2.0]Junde c-4-ene 922 0.06
47 24.01 5,10-Pentadecadiyne, 1-chloro- 887 0.06
48 24.18 Germacrene D 924 0.08
49 24.24 1-Hexadecanol 917 0.08
50 24.29 Tricyclo[3.2.1.0(2,4)]oct-6-ene, 8-methylene-, (1a,2a,4a,5a)- 853 0.13
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Table 1 (continued)

Peak no. RAC RT® Component RSI® RSI® %

51 24.56 (1S,2E,6E,10R)-3,7,11,11-Tetramethylbicyclo [8.1.0Jundeca-2,6-diene 925 0.29
52 24.96 Germacrene D 908 0.11
53 25.15 5,6-Decadien-3-yne,5,7-diethyl- 922 0.10
54 25.75 Cyclohexanemethanol,4-ethenyl-a,a,4-trimethyl-3-(1-methylethenyl)-,[1R-(12,33,44)]- 910 0.10

(1-methylethenyl)-,[ 1R-(1a,33,44)]-
55 26.00 1,6,10-Dodecatrien-3-o0l,3,7,11-trimethyl-, (E)- 948 2.34
56 26.33 Dihydro-cis-a-copaene-8-ol 919 0.05
57 26.49 Cyclohexene,1,5,5-trimethyl-6-(2-propenylidene)- 937 0.91
58 26.64 1-Formyl-2,2,6-trimethyl-3-cis-(3-methyl-but-2-enyl)-5-cyclohexene 892 1.87
59 26.73 5,10-Pentadecadiyn-1-ol 939 0.15
60 26.89 5,10-Pentadecadiyne, 1-chloro- 897 0.05
61 26.96 5,10-Pentadecadiyn-1-ol 937 0.05
62 27.12 Dihydro-cis-a-copaene-8-ol 954 0.21
63 27.24 10-Pentadecen-5-yn-1-ol, (E)- 909 0.08
64 27.62 5,10-Pentadecadiyne, 1-chloro- 906 0.05
65 27.83 11,11-Dimethyl-4,8-dimethylenebicyclo[7.2.0]undecan-3-ol 938 0.43
66 27.90 Dihydro-cis-a-copaene-8-ol 906 0.50
67 28.25 Dihydro-cis-a-copaene-8-ol 946 1.49
68 28.58 2,6,10-Dodecatrien-1-ol,3,7,11-trimethyl-9-(phenylsulfonyl)-, (E,E)- 866 0.10
69 28.86 1-Formyl-2,2,6-trimethyl-3-(3-methyl-but-2-enyl)-6-cyclohexene 907 0.05
70 29.35 1,15-Pentadecanediol 915 0.09
71 29.61 5,10-Pentadecadiyne, 1-chloro- 906 0.15
72 30.31 2,4,4-Trimethyl-3-hydroxymethyl-5a-(3-methyl-but-2-enyl)-cyclohexene 858 0.04
73 30.87 Phenanthrene 942 0.07
74 31.30 Ethanone,1,1’-(6-hydroxy-2,5-benzofurandiyl)bis- 893 0.04
75 32.08 2-Pentadecanone,6,10,14-trimethyl- 904 0.06
76 32.39 1-Hexyl-2-nitrocyclohexane 967 0.04
77 35.68 cis-2-Methyl-4-methyl-a-nitrostyrene 855 0.04
78 37.21 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 930 0.12
Total compounds 99.99
indentified (%)

#Retention time
Reverse similarity index on TG-5MS capillary column

CRelative area (peak area relative to the total peak area)

1,6,10-dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- (2.34%),
were most abundant accounting for 99.99% of the total oil
composition where the major compound was a monoter-
pene. The chemical composition of the EO mentioned in
the present study is much the same as the previous stud-
ies, with slight dissimilarities. For example, Moronkola
and Ogunwande (Moronkola et al. 2007) reported 30 com-
pounds from the leaf oils of T. diversifolia in which the
major compounds were found to be a-pinene (32.9%), f-c
caryophyllene (20.8%) and f-pinene (10.9%) which repre-
sented 99.9% of the total oil. The differences in the chemi-
cal constituents of EO’s depends on different geographical
and climatic conditions (Lahlou and Berrada 2003; Raina
et al. 2003).

Among the plant-derived botanical extracts, the use of
essential oils is regarded as one of the promising alternatives
to conventional chemical insecticides for control of stored
product insects (Rajendran and Sriranjini 2008). Many
plant essential oils and their constituents have been found
fumigant activity against the stored product pests (Kim and
Ahn 2001; Singh et al. 2005; Opolot et al. 2006; Tripathi
et al. 2009; Lopez and Pascual-Villalbos 2010; Isman 2000;
Caballero-Gallardo et al. 2011). The fumigant activity of
the EO’s obtained from the leaves of T. diversifolia against
the two major stored grain insect pests namely, S. oryzae
and T. castaneum is reported for the first time in the present
study. There are no previous reports on insecticidal activity
of the essential oils of T. diversifolia against S. oryzae and
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total ion chromatogram of - 8.82
essential oils from Tithonia 100 =
diversifolia 90—3
80
& 70—
o =
c 7
S 60—
o -~
3 =
< 50
o =
= —
® 40
E -
14 el
30
20
104 26.00
1 374 111597 . ljy 3208 3721 4762 5384 6027
0 T 1 I I | I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1
0 10 20 30 40 50 60
Time (min)
Table 2 Fumigant effect of the essential oil from Tithonia diversifolia against adults of Sitophilus oryzae and Tribolium castaneum.
Period (h) LCsy (uL/L) Standard error Chi-square (%) Degrees of P value
freedom
Sitophilus oryzae Essential oil 24 95.12 2.94 0.951 4 0.091
(89.34-100.9)
48 7.00 4.73 0.173 4 0.096
(71.8-86.29)
72 74.68 4.59 0.0281 4 0.099
(69.66-77.69)
Tribolium castaneum Essential oil 24 102.67 3.105 0.313 4 0.098
(96.58-108.77)
48 98.12 3.16 0.212 4 0.094
(91.92-104.3)
772 81.54 3.62 0.638 4 0.098

(74.43-88.65)

#Upper and lower limits of the confident interval of the 95% are indicated between parenthesis

T. castaneum adults. However, it has been reported that the
extracts or plant samples had insecticidal activity against
other stored product insect species. For instance, the leaf
powder of T. diversifolia showed contact toxicity against
the mix-sexed adults of Sitophilus zeamais Motschulsky
(Coleoptera-Curculionidae) (Babarinde et al. 2008) and the
compound Tagitinin A, a sesquiterpene isolated from the
methanolic extract of T. diversifolia leaves has shown toxic-
ity against C. maculatus (Green et al. 2017). Mkenda et al.
(2015) have also reported that T. diversifolia was also effec-
tive on aphids, weevils and whiteflies when leaves or seeds
are used in a cold infusion. Adedire and Akinneye (2004)
had also previously investigated the insecticidal activities
such as mortality, adult emergence and oviposition of the
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ethanolic extracts and powder of T. diversifolia against cow-
pea seed bruchid, C. maculatus (Fabricius.) (Coleoptera:
Bruchidae). In this study reported by Adedire and Akinn-
eye (2004), the ethanolic extract of T. diversifolia displayed
activity within 24 h with mortality percentage of 73.3%,
93.3% and 100% at the concentration of 1.0% and 2.0% and
5% whereas the powder of the plant was showing moderate
mortality percentage of 50-63% and 75-83% at the concen-
tration of 1-3% and 4.0-5% at 24 h of the exposure period.
These studies also reported that at 1.5% and 2% concentra-
tion of ethanolic extract, the treated cowpea seed showed a
reduced effect on adult emergence when compared to the
same concentration when the cowpea seed was treated with
the powder of T. diversifolia. The mean number of eggs
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laid at 1.5-2% concentration of ethanolic extracts as well
as powder of the plant was 9.7, 4.7 and 27, 17.3, respec-
tively. The report of this study agrees with the findings that
ethanolic extract of T. diversifolia possessed higher bioac-
tivity on oviposition, adult emergence and mortality of C.
maculatus when compared to the powder of T. diversifolia.
Tavares et al. (2014) had also previously reported that the
flower extract of T. diversifolia, when applied to corn grains,
showed repellency and mortality against adults of Sitophilus
zeamais (Motsch.). It has been also reported that the aque-
ous extract of T. diversifolia shows effect against the tea red
spider mite Oligonychus coffeae (Nietner.), one of the major
pest of tea (Camellia sinensis) (Radhakrishnan and Prab-
hakaran 2014). Extracts from T. diversifolia have also been
reported in suppressing the populations of some insects and
fungal pathogens under the field conditions (Owolade et al.
2004), deterrent activity against the larvae, Chlosyne lacinia
(Geyer.) (Lepidoptera: Nymphalidae) (Ambrdsio et al. 2008)
and biological control of leaf-cutting ants, Atta cephalotes
(L.) (Hymenoptera: Formicidae) (Castafio-Quintana et al.
2013).

The present study reported that the essential oil of T.
diversifolia caused 100% mortality in S. oryzae with an
exposure period of 24, 48, 72 h at the concentration of
100 uL/L whereas for T. castaneum mortality was 85%, 95%
and 100% at the same concentration and exposure periods.
These findings suggest that the oil of T. diversifolia may
have the potential to use as a biofumigant against S. oryzae
and T. castaneum in stored grains even though, the highest
(100%) percentage mortality in S. oryzae started at the early
exposure of 24 h and as late as 72 h in the case of T. cas-
taneum. The LCs, values indicate this oil might be feasible
to use as a commercial fumigant in real grain storage. Fang
et al. 2002 also reported that Tribolium species are least
susceptible and often more resistant to pesticide. They are
more difficult to kill in comparison with other Coleopteran
pest of stored grain products, but the toxic effect against the
pests may also vary depending upon the nature of insec-
ticide. The resistance of insects towards such insecticides
could depend upon the three mechanisms. Firstly, behav-
ioural mechanisms such as the activity of insect pest at mini-
mum exposure periods and doses (Hemingway and Ranson
2000, Lee and Lees 2001). Secondly, physiological changes
when pesticides enter or penetrate inside the body of the
insect (Scott 1999). Thirdly, biochemical mechanisms like
metabolic resistance and the target site insensitivity (Gao
et al. 2006), (Konus 2015). Metabolic resistance includes the
overproduction or modification in the function of enzymes
like oxidise P450, esterase and glutathione S-transferase that
detoxify the compound whereas modification in the target
site fails the binding of the pesticidal compound with its
target (Panini et al. 2016). Papachristos et al. (2004) have
reported that monoterpenoid compounds act as active

fumigants, repellents and contact insecticides against the
stored product insect pests. Similarly, the insecticidal activ-
ity of the essential oils of T. diversifolia tested in our study
may be attributed due to the major monoterpenoids, such as
a-pinene, bicyclo [3.1.0] hexane, 4-methylene-1-(1-meth-
ylethyl)- (Traboulsi et al. 2002; Papachristos et al. 2004;
Miresmailli et al. 2006; Cetin et al. 2007; Kordali et al.
2008; Magdy and Samir 2008). Despite the fact there are
previous studies on the insecticidal activities of the plant
against various stored grain pests, there is no proper study
which mentions LC50 values of the extracts and essential
oil of T. diversifolia. The monoterpenoids are likely most
effective as an insecticide by inhibiting the AchE enzymes
that showed biofumigant activity against the stored grain
pests. EO can act as a neurotoxicant by inhibiting the AChE
activity, changing the gamma-aminobutyric acid receptors
and ligands of octopamine receptors (Jankowska et al. 2017).
The EO’s from T. diversifolia can use as a possible alterna-
tive to the chemical insecticides for controlling of stored
grain insect pests. Yang et al. (2012) have also reported T.
diversifolia as a globally invasive alien species where its
collection and its uses as an insecticide could minimise the
environmental impacts. However, furthermore, research may
be required for testing its efficacy against other life stages
(pupae, eggs and larvae) and evaluating the biosafety before
its practical use to control the stored grain insects. Our find-
ings indicated that the oil of 7. diversifolia has the potential
to be used in the control of S. oryzae and T. castaneum in
stored grains.
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