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a b s t r a c t

The fumigant activity of coumaran was tested against mixed-age cultures of the rice weevil (Sitophilus
oryzae L.), the lesser grain borer (Rhyzopertha dominica F.), the rust-red flour beetle (Tribolium castaneum
Herbst), saw-toothed grain beetle (Oryzaephilus surinamensis L.) and flat grain beetle (Cryptolestes fer-
rugineus Stephens). T. castaneum was tolerant to coumaran, for total population extinction was achieved
in 72 h exposure at 50 mg/L dose only. In contrast all developmental stages of O. surinamensis,
C. ferrugineus and R. dominicawere quite susceptible 100% mortality was attained at < 50 mg/L doses in 24
or 72 h exposure. Further results showed that T. castaneum, generally tolerant pest to fumigants and
R. dominica, a predominant stored grain pest in India, could be controlled by coumaran. The findings
indicate that, coumaran is good source for alternate to methylbromide for effective control of stored grain
insect pests.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Stored product insect pests are the major cause of grain losses
during post harvest storage, particularly in the tropical countries
(Affognon et al., 2015; Rajashekar et al., 2012). It is estimated that
more than one-third of the food products is lost to various pests
during post-harvest storage (Oerke, 2006; Parfitt et al., 2010). For
the control of stored product beetles, several insecticides are used
mainly phosphine and methyl bromide. Although phosphine is
generally effective, due to lack of persistence in the treated grain
infestation may occur within a few weeks after treatment. Due to
extensive use of fumigants, several stored products insects have
developed different degrees of resistance to phosphine and hence,
there is a problem in effective treatment of commodites using
phosphine (Nayak et al., 2015; Phillips and Throne, 2009;
Subramanyam and Hagstrum, 1995). In view of its ozone
depleting potential, the use of methyl bromide is being restricted
(Fields andWhite, 2002). In view of their health and environmental
hazards several chemical fumigants or insecticides have either
been banned or restricted for use in grain protection (Mohapatra
et al., 2014; Subramanyam and Hagstrum, 1995). Consequently,
intensive research is going on in developed and developing coun-
tries on alternative fumigants such as carbonyl sulfide, coumaran,
ethyl formate, ethane dinitrile, propylene oxide, and sulfuryl
fluoride (Jagadeesan et al., 2014; Rajashekar et al., 2013; Rajendran,
2001).

Coumaran (2,3-dihydrobenzofuran) is a non flammable, pale
yellow liquid. It is slightly soluble in water, and is formed by
reducing coumarone. Coumaranwas isolated from the basal stem of
Cyperus nipponicus French. & Savat. (Family: Cyperaceae) and
Cyperus distans L.f. and has revealed insect antifeedants against the
tobacco cutworm (Spodoptera litura Fabricius) (Morimoto et al.,
1999). Scharf et al. (2006) reported that coumaran posses the
fumigant activity against Drosophila melanogaster (fruit fly). Cou-
maran bioactive molecule isolated from the leaves of Lantana
camara L. was also found toxic to various stored grain insect pests
when used as a biofumigant (Rajashekar et al., 2013, 2014). All
literature cited above indicates that coumaran has been used as a
fumigant against stored grain pest, but there is a lack of information
on toxicity (if any) on stored food commodites and on doses for
100% population extinction. Therefore, insecticidal efficacy or
toxicity of synthetic coumaran to mixed-age cultures (all develop-
mental stages) of the rust-red flour beetle, Tribolium castaneum
(Herbst), the saw-toothed grain beetle, Oryzaephilus surinamensis
(L.), the flat grain beetle, Cryptolestes ferrugineus (Stephens), the
rice weevil, Sitophilus oryzae (L.), and the lesser grain borer, Rhy-
zopertha dominica (F.), was determined.
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2. Materials and methods

2.1. Preparation of mixed-age-cultures

T. castaneum cultures were reared onwhole wheat flour fortified
with 5% dried yeast, C. ferrugineus and O. surinamensis on a 5:5:1
mixture of broken wheat, rolled oats and yeast, whereas S. oryzae
and R. dominica were reared on whole wheat. R. dominica cultures
was maintained at 30 ± 1 �C and 70% r.h. and cultures of other
insects were maintained at 25 ± 1 �C and 65 ± 10% r.h. From these
cultures, adults (1e2 weeks old) were taken for preparation of
mixed-age cultures. About 300 adults of T. castaneum, C. ferrugineus
and O. surinamensis were released into 1 kg of respective culture
medium in 2 liter glass jars-Similarly, 300 adults of S. oryzae and
R. dominica were allowed to breed separately in 1 kg of wheat in 2
litre glass jars. After one week, the adults were shifted from the
cultures. A series of cultures of the respective species were thus
maintained continuously. The insect culture jars were maintained
at temperature 30 ± 1 �C for R. dominica and 25 ± 1 �C for other
insects. Cultures in six successiveweeks (containing 5e6, 4e5, 3e4,
2e3, 1e2, and 0e1 week old insects) were pooled such that the
pooled populations contained all developmental stages of the
respective species. The pooled mixture of individual species served
as mixed-age cultures for toxicity tests (Leelaja et al., 2007).

Rearing media containing mixed-age cultures of individual
species was weighed separately in 50 g aliquots and transferred
into cloth bags of size 20 cm� 14 cm. These cloth bags were placed
individually in 0.85 L desiccators that served as the fumigation
chambers. The desiccators were provided with holes sealed by
rubber septa for injecting coumaran (procured from Sigma-Aldrich
Co (St. Louis MO, USA).

2.2. Fumigation

The insects were exposed to a range of doses of coumaran
(0.3e50 mg/L) for 24 h and 72 h at 26 ± 2 �C. For each species, there
were 5 replicates per dose with an equal number of untreated
control replicates. Gas-tight micro syringes were used for injecting
the fumigant. At the end of exposure, the fumigation was termi-
nated and the test insect bags were taken out of the desiccators. The
contents of the bags were transferred to individual bottles
(12 cm � 5 cm size) and kept at the rearing temperature and hu-
midity conditions for 8 weeks. The insects, which emerged from
wheat (S. oryzae and R. dominica) or survived as adults
(T. castaneum, C. ferrugineus and O. surinamensis) in their respective
media were checked at weekly intervals for 8 weeks. Similarly,
counts were made in untreated control batches every week.
Percent kill was determined by taking the survival/emergence in
the controls as 100%. In Each bioassay mortality were recorded and
Table 1
Mortality (% ± SD) * of mixed-age cultures of Sitophilus oryzae, Rhyzopertha dominica, Trib
24 h and 72 h to coumaran at 28 ± 2 �C.

Dosage mg/L S. oryzae R. dominica T. castan

24 h 72 h 24 h 72 h 24 h

5 9.2 ± 3a 18.9 ± 2.1a 17.2 ± 2.1a 34.8 ± 4.7a 5.1 ± 1.
10 21.3 ± 2.1b 39.6 ± 7.4b 29.5 ± 7.2b 50.9 ± 4.2b 14.7 ± 2
15 37 ± 2.4c 52.4 ± 1.2c 70.4 ± 12c 74.4 ± 3.2c 22.2 ± 1
20 67.2 ± 1.5d 70.5 ± 3.6d 76.4 ± 9.5cd 83.2 ± 2.5d 43.8 ± 2
25 83.1 ± 2.2e 80.5 ± 3.8e 87.8 ± 5.1e 90.4 ± 1.2e 57.4 ± 2
30 87.6 ± 2.3f 90.6 ± 2.2f 83.4 ± 4.3e 95.1 ± 1f 71.3 ± 6
40 90.2 ± 2.8f 98.2 ± 5.2g 93.6 ± 8f 100g 87.2 ± 3
50 97.4 ± 2.2g 100gh 100g 100f 93.8 ± 2

*There were 5 replicates per dose and in untreated controls (50 g infestedmedia per replic
Different letters within a column indicate that means are significantly different (Tukey's
those insects that did not move when lightly probed or shaken in
the light and mild heat were considered dead (Leelaja et al., 2007).

2.3. Statistical analysis

Mortality in coumaran was determined by taking the survival/
emergence in the controls as 100%. Mortality data of the different
insects were subjected to two-way ANOVAwith time and dosage as
factors and Post hoc testing was carried out using the Tukey's HSD
test. A significance level of 0.01 was used for all statistical tests.

3. Results

Coumaran was highly toxic to C. ferrugineus and O. surinamensis
that 100% mortality was recorded at the dose of 50 mg/L in 24 h
exposure itself (Table 1). S. oryzae, R. dominica and T. castaneum
were, slightly tolerant to the fumigant that 100% mortality of the
insects was achieved only at the higher dose of 50 mg/L in 24 h
exposures. Generally with the extended exposure period of 72 h,
increased mortality was observed in all the five species (P < 0.01)
(Table 1). The order of susceptibility of the tested species did not
alter with the increased exposure period. The susceptibility of the
insects with 24 or 72 h exposure was in the following decreasing
order: C. ferrugineus > O. surinamensis > R. dominica > S. oryzae >
T. castaneum. In untreated control, there was insignificant mortality
in five species. The average number of survivors in untreated con-
trol batches of other species varied from 137 ± 5 (T. castaneum),
148.2 ± 2.4 (R. dominica), 253.2 ± 2.8 (C. ferrugineus), 262 ± 6.5
(O. surinamensis) to 537 ± 4 (S. oryzae) in 24 h exposure and 140 ± 4
(T. castaneum) 172.2 ± 2.8 (R. dominica), 260.2 ± 2.8 (C. ferrugineus),
274.2 ± 4.4 (O. surinamensis) to 554 ± 5 (S. oryzae) in 72 h exposure,
respectively (P < 0.01).

4. Discussion

Many organic compounds have fumigant or grain protectant
properties. For example 1, 8 cineole to S. oryzae (L.), T. castaneum
(Herbst) and R. dominica (F.) (Lee et al., 2004), Methyl salicylate to
Sitophilus zeamaisMotsch., and R. dominica (Jayasekara et al., 2005),
three manoterpeniods, the ketones pulegone, l-fenchone, and the
aldehyde perillaldehyde to T. castaneum (Lee et al., 2003), allyl ac-
etate to five major stored beetles (Rajendran and Muralidharan,
2005), ethylformate to T. castaneum and Sitotroga cerealella (Oliv-
ier) (Muthu et al., 1984). Although comparison of toxicities between
the above-mentioned fumigants is difficult, particularly mon-
terpenes, because the have relatively low toxicity.

Insecticidal potency of coumaran to insects has been reviewed
(Scharf et al., 2006; Rajashekar et al., 2013). In present study reveal
that coumaran is toxic to S. oryzae, R. dominica, T. castaneum, C.
olium castaneum, Oryzaephilus surinamensis and Cryptolestes ferrugineus exposed for

eum O. surinamensis C. ferrugineus

72 h 24 h 72 h 24 h 72 h

2a 11.4 ± 3.2a 37.3 ± 9.1a 40.2 ± 4.4a 45.9 ± 2.8a 48.4 ± 4.2a
b 29.3 ± 5.4b 59.2 ± 10.4b 62.1 ± 10b 55.2 ± 6.2b 67.3 ± 4.2b

.4c 40.7 ± 4.2c 72.4 ± 4.2c 70.3 ± 2.2c 64.3 ± 5.2c 80.5 ± 4.8c

.6d 50.2 ± 1.2d 75.8 ± 4.2c 85.5 ± 4.2d 73.5 ± 6.4d 88.2 ± 2.4d

.4e 65.5 ± 2.4e 86.2 ± 5.4d 96.4 ± 2.2e 76.5 ± 4.2d 94.5 ± 1.2e

.2f 83 ± 4.2f 93.6 ± 2.8e 100f 91.2 ± 2.2e 100f

.4g 90.6 ± 6 g 97.4 ± 1f 100f 98.3 ± 3.2f 100f

.2h 100h 100fg 100f 100f 100f

ate tested). In untreated controls, themean numbers of survivors per replicate given.
HSD, df ¼ 4, P < 0.01).
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ferrugineus and O. surinamensis. The results shows significant
enhanced toxicity, particularly exposure period increase from 24 to
72 h. The results indicate that at the extended exposure period of
72 h, the mortality also inceased in all five species. In tests against
all developmental stages of stored product insects such as
T. castaneum, S. oryzae, and Cryptolestes chenisis Rajashekar et al.
(2013) observed that coumaran was effective at a concentration-
time (CT) product of 30 mg/m3 x 7 d at 30 �C. Several report
showed that essential oils and plant volatile organics compounds in
T. castaneum was more susceptible than S. zeamais (Liu and Liu,
2014; Suthisut et al., 2011). But in the present study, for 100%
population extinction of T. castaneum the target (CT) product was
high at 50 mg/cm3 x 72 h. This may be due to sorption of food
commodities. For example, sorption of the fumigant phosphine is
more in wheat flour rather than whole wheat (Reddy et al., 2007).
This could be one of the major reasons for lower susceptibility of
the Tribolium insects with 24 or 72 h exposure of coumaran in
wheat flour. There is no previous report about the toxicity of syn-
thetic coumaran to T. castaneum.

Desmarchelier (1994) noted that the immature stages of
S. oryzae were highly tolerant to carbonyl sulfide fumigant. At the
dosage of 60 mg/L exposed for a period of 24 h at 25 �C he achieved
99.8% mortality and at 40 mg/L for 48 h, 100% mortality of S. oryzae
was observed. Evidently, the present study shows coumaran is
more toxic than carbonyl sulfide. Rajendran et al. (2000) performed
the laboratory tests with the mixed-age cultures of phosphine-
resistant field strain of S. oryzae in 7-day exposures, and deter-
mined an effective phosphine concentration of 0.8 mg/L (CT
product 0.8 g/m3 x 168 h - 134 g h/m3). However, unlike phosphine,
coumaran is rapidly toxic to insect pests so that 24e72 h exposure
is adequate to achieve the 100% mortality of the insects. Rajashekar
et al. (2013) demonstrated that coumaran is more toxic than liquid
fumigants such as ethyl format and allyl acetate to stored product
insects.

The study shows that coumaran has the advantage of its high
toxicity to secondary pests, such as C. ferrugineus and
O. surinamensis which are generally tolerant to other fumigant
(Rajendran and Muralidharan, 2005; Kaur and Nayak, 2015). Also,
these insects are serious pest of cereals, cereal products, oil seeds,
dried fruits, copra, dried herbs and cocoa beans. Like phosphine,
coumaran may be less toxic to the egg stage of insects. It has to be
examined whether stored grain insects will develop resistance to
coumaran quickly (following exposure to sub-lethal doses in 3e5
generations) as in the case of phosphine.

It has clear from the findings of this study that the coumarn has
potential as a fumigant for five major insect pests of stored food
commodities and is therefore ideal applicant fumigants of stored
durable agricultural products. As with any fumigant based on plant
products, registration and adoption of synthetic coumaran will
depend on the outcome of research on potential negative effects on
human health and the environment, and socio-economic factors
(Isman, 2006; Weaver and Subramanyam, 2000).
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