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ABSTRACT

Various biological agents are responsible for the enormous damage to all preserved museum specimens,
herbarium and historical books. Among these biological agents, silverfish are well-known pests that cause
serious problem in libraries, museum and other places where books, documents and herbarium are stored.
Therefore in this study, lemongrass essential oil was investigated insecticidal activity against adult
silverfish. Insecticidal bioassay results of lemongrass essential oil indicated that the mortality of adult
silverfish was not recorded when they treated with all concentration for 30-minutes. But with increasing oil
concentration and treatment duration, the number of silverfish decreased and maximum mortality was
recorded at higher oil concentration and higher treatment duration. The number of adult silverfish decreased
with increasing the treatment duration when concentrations were constant except 0.3-ml lemongrass
essential oil concentration. The percentage reduction over control was increased with increasing oil
concentration and treatment duration, but a more effect on ROC (%) was observed when adult silverfish
were treated for longer than 60 minutes treatment duration. ROC (%) showed a minimum increase when
adult silverfish were treated for 30, 60, 90 and 120-minutes with 0.3-ml and maximum with 0.9-ml oil
concentrations, respectively.

Keywords: Lemongrass essential oil concentration, silverfish, contact and fumigant toxicity treatment
duration.

INTRODUCTION

Among all biological agents, most of the insects are one of the major notorious pests for all collected
specimens in libraries, houses and museum institutions™. These notorious pests such as silverfish, booklice
(Lipocelis bostricophila), furniture beetle (Anobium punctatum), biscuit beetle (Stegobium panicium),
tobacco beetle (Lasioderma sericorn), cockroach (Periplaneta americana) and carpet beetle (Anthranus
verbasi) commonly cause enormous damage to museums and libraries all around the world[?. Whereas
microbial, chemical and physical factors were also damage the herbarium specimen during the various
stages of herbarium preparation!®l. Several herbarium collections were inspected at various institutions to
ascertain the nature of degradation and problems related to their conservation, and concluded that
conservators of libraries, museums, archives and curators were aware of the problems of herbarium
degradation and conservation. Scientific methods have helped not only in ascertaining type and extent of
decay, but also in their technical knowledge to a great extent!l. Primarily, insect pests were controlled to
continue applied of chemical and synthetic insecticides not only museums but also huge amount used in
agriculture fields in all over the world®. If any sample has not deteriorated through biodegradation over the
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years, it is clear that the specimens have been chemically treated!®. The continuously used of chemicals have
shown disadvantages in respect to risk of human health, residual toxicity and development of resistance in
many insect speciesl’), that why entomologists do not suggested that the chemical insecticides be used for
pest management!®, and instead advocate controlling numbers by reducing humidity and focusing on heating
or freezing infected objects!®l. But it is impossible to many places keep the entire environment under low
humidity, especially in museums, houses and libraries. Therefore, it is necessary to makes alternative
methods for controlling the pest populations, and these alternative methods should be cost effective, readily
available, environmentally friendly, beneficial and harmless.

Thousands of years ago in India, various plant products were used as traditional medicine for pest control.
They are not only healthy but also cost effective and eco-friendly. In which the plant extracts provide a vast,
virtually untapped storehouse of chemical compounds with many potential uses. Many researchers use the
bio-based materials in controlling the underground termites and their potential availability and variability™°],
and these essential oil to have an insecticidal, anti-bacterial, antifungal, anticarcinogenic, antimutagenic
properties™. Previous studies suggest that since ancient times lemongrass, Cymbopogon species used
worldwide as the most powerful natural repellent™?, insecticidal*®l, antifungall*¥, antimicrobial[15] and
therapeutic properties!®®l. The essential oils of C. martini yielded 100% repellency against anopheles and
other mosquito species in a field apply for 12-hoursi*’l. The essential oil of C.winterianus mixed with 5%
vanill[ir;] gave 100% repulsion against Aedes aegypti, Culexquinque fasciatus and Anopheles dirus at 6-
hoursl8l,

The characteristic insecticidal and repellent properties of lemongrass essential oils can be used in pest
management schemes!*®l. [?lfound that lemongrass oil had a moderate effect against the stored grain pests.
From the previous reference review, we can conclude that lemongrass essential oils can be used to control
museum pest population. Therefore, this investigation is to investigate the effects of different concentrations
of lemongrass essential oil with various treatment durations against the silverfish population in museum.

MATERIALS AND METHODS
STOCK CULTURE

L. saccharina adults were collected from the basement of Maulana Azad Library and Department of
Museology, AMU., Aligarh (27.88°N 78.08°E), UP, India. They were reared in plastic containers
(15x20x10cm?; 10-adults/container), and provided a limited amount of cellulose containing mixed food
(milk powder, oatmeal, yeast; 1:9:1) in a 1:1 ratio which was replenished daily. All-above setup was placed
at 25°+3°C temperature and 90% relative humidity in the dark place. Silverfish individual were added from
time to time in the laboratory culture to avoid inbreeding depression, and colony had been established at
least 2-3 years before the study. This study was done in Department of Museology laboratory, Aligarh
Muslim University, Aligarh.

EXPERIMENTAL DESIGN
CONTACT INSECTICIDAL ACTIVITY

The adults were taken from the laboratory stock culture. The essential oils of lemongrass were selected for
this study and prepare three different concentrations (0.3, 0.6 and 0.9-ml) with the help of FILTER PAPER
BIOASSAYS. To evaluate the insecticidal activity of lemongrass essential oil, the 0.3-ml oils were applied
on filter papers (2 x 2cm2) and then placed into Petri dishes (9cm diameter x 1.0 cm height) that contained
ten adult silverfish. A few drops of water were put onto the bottom edge of Petri dish. These Petri dishes
were placed in a BOD (Biological Oxygen demand) to maintain the above condition. The number of
individual dead and percentage reduction over control (ROC %) was recorded periodically for up to 30, 60,
90 and 120-minutes. The same experiment was also repeated in 0.6 and 0.9-ml concentration of lemongrass
essential oil and above observation was recorded. To control condition, they exposed to filter paper treated
with normal water. The whole experiments were repeated ten times.
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FUMIGANT INSECTICIDAL ACTIVITY

Adults of silverfish were released in the above mention size Petri dish with a 2-cm diameter cotton ball
treated with 0.3-ml essential oil. To prevent direct contact of silverfish with essential oil, 0.3-ml
concentrated oil was injected to the center of cotton ball. The same experiment was repeated in 0.6 and 0.9-
ml concentrated lemongrass oils. In control condition, they exposed to cotton ball treated with normal water.
The numbers of individual death and ROC (%) was recorded at above mention treatment duration.

STATISTICAL ANALYSIS

Data obtained on number of individual mortality were analyzed using two-way ANOVA followed by
posthoc Tukey’s test with different oils, and oils concentration (0.3, 0.6 and 0.9 ml) as independent factors.
All analyses were carried out using MINITAB-16 statistical software (Minitab Inc., State College,
Pennsylvania, USA).

OBSERVATION
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Figure-1: Effect of various concentration (0.3ml, 0.6ml, 0.9-ml) of lemongrass oil at different
treatment duration (30, 60, 90 & 120-minutes) on mortality of silverfish.
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Figure-2: Effect of various fumigant concentrations (0.3, 0.6, 0.9-ml) of lemongrass oil at different
duration of treatment (30, 60, 90 & 120-minutes) on mortality of silverfish.
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Figure-3: Effect of different concentrations of Lemongrass essential oil at different treatment duration
on ROC (%) of Silverfish.
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Figure-4: Effect of different fumigant concentrations of lemongrass oil at different duration of
treatment on ROC (%) of Silverfish.

RESULTS
CONTACT INSECTICIDAL ACTIVITY

The result of two-way ANOVA revealed that the mortality was not significantly related to essential oil
concentration (F=4.53; P=0.005; df=3, 159), treatment duration (F= 5.65; P=0.001; df=3, 159), and
interaction between the two independent factors (F=0.86; P=0.562; df=9, 159). No mortality was recorded in
adult silverfish treated with the all concentration of lemongrass essential oil for 30-minutes. The number of
individuals decreased with increasing treatment duration at all lemongrass oil concentrations, and the
difference was negligible. Maximum mortality was recorded at higher treatment duration (120-minutes with
higher oil concentration (0.9-ml). It was also observed that the number of adult silverfish decreased with
increasing treatment duration only when the oil concentration was constant. These properties were recorded
at all oil concentrations except for the 0.3-ml lemongrass essential oil. (Figure-1). ROC (%) increased with
increasing treatment duration at all oil concentrations. It was also observed that the increase of ROC (%)
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was effectively recorded after a treatment period of 60 minutes. Minimum ROC (%) was recorded at 0.3-ml
and maximum at 0.9-ml oil concentration for 30, 60, 90 and 120-minutes (Figure-3).

FUMIGANT INSECTICIDAL ACTIVITY

Result revealed that the individual mortality was not recorded when they treated with 0.3, 0.6 and 0.9-ml
essential oil concentration for 30-minutes. There was an increase in mortality of adults silverfish incubated
for 60, 90 and 120-minutes with 0.3, 0.6 and 0.9-ml oil concentrations. Maximum adult mortality was
recorded at high treatment duration with higher dose applied (Figure-2). The two-way ANOVA revealed
that the morality was not significantly affected by oil concentration (F=4.53; P=0.005; df=3, 159), and
treatment duration (F= 5.65; P=0.001; df=3, 159). The interaction between the two independent factors was
also insignificant (F=0.86; P=0.562; df=9, 159). It was also observed that with increasing oil concentration
and treatment duration there was an increase in ROC (%) as well. The ROC (%) increased with increasing
treatment duration at all oil concentrations. ROC (%) minimum 0.3-ml and maximum 0.9-ml oil
concentration were recorded after 30, 60, 90 and 120-minutes of treatment (Figure-4).

DISCUSSION

In the present study, some experiments were conducted and found that the mortality rate of adult silverfish
increased with the increase of lemongrass essential oil concentration and treatment duration. The mortality is
greatly affected by oil concentrations, and the degree displayed as well as depends on the treatment duration.
The highest mortality was reported in the presence of high doses over the maximum treatment duration. The
ROC (%) also increased with increase the oil concentration and treatment duration.

The present study highlights the importance of using essential oils in the control of silverfish populations.
Insecticidal and repellent action of lemongrass essential oil against silverfish was detected in bioassays
under laboratory conditions. Topically applied lemongrass was toxic against silverfish adults and increased
mortality in a dose-dependent manner, as with other insects?l. Much attention is being paid to finding
alternative components, one of which is essential oils that are environmentally friendly and ecologically
safel??l. Among this essential oil, lemongrass oil is known to be a potent and strong insect repellent, which is
used in aromatherapy and perfumery®l. Insecticidal activities of lemongrass essential oils have also been
reported against several agricultural and non-agricultural pestst?4. The oils generally contain biogenetically
related phenols, composed of a complex mixture of monoterpenes and sesquiterpenes. It has been reported
that 1, 8-cineole is the major constituent of rosemary and eucalyptus oil; menthol, citral and limonene from
lemongrass oill*Y. A number of studies report that essential oils are used.as insecticidal activity against the
museum pestsi?°l.

The Lemongrass petroleum or ether extract showed approximately 60-80% repellency percentage against
Silverfish[?®l. Traditionally the grass of Cymbopogan species have been used for repel mosquitoes, in
vitro activity against Candida spp, and antimicrobial against some oral microorganism S. mutans, P.
intermedia and P. gingivalis®?”l. But some other studies also proved that not all species of Cymbopogan are
always effective for other insect. For example two species C. nardus and Cymbopogon flexuosus oil were
ineffective on Cigarette beetle and Lasioderma serricornel®l,

There are fewer reports of lemongrass oil being effective against silverfish, but several previous studies
against various other pests have been reported®2°l. Lemongrass essential oil after exposure by contact or
fumigation shows that topical application of varying doses of small amounts of lemongrass essential oil can
protect against S. granaries. One set of results point to toxic effects of lemongrass essential Oil on insect
pests with an LC50 of 35.133 mg/L against third-instar larvae of Aedes aegypti mosquitoes®”, 0.268 ppm
Phthoremiao perculella®!, and against the adult insect of 7.07 ppm against the adult stage of cowpea mite
Calosobruchusmaculatust. Thus, lemongrass essential Oil has shown toxic effects on adults of Cytophilus
granarias™*®!

This study shows the potential of lemongrass essential oil as an insecticide or repellent integrated pest
management approach to manage silverfish population. These essential oils caused significant effects on the
mortality, and ROC (%) in this pest of museum. Additionally, insecticidal potential increased with
increasing the treatment duration at all lemongrass oil concentrations and maximum mortality at higher
treatment duration with higher oil concentration.
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