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To investigate contact toxicity and repellency properties of essential
oils of Rosmarinus officinalis L. and Chrysanthemum cinerariaefolium
L. against adult German cockroaches, an experiment was conducted
as CRD in 2022. The essential oils of Rosemary and Pyrethrum were
applied for bioassay of repellency and lethality effects on German
cockroaches at 6, 12, and 24-hour intervals. The death rate of the
cockroaches increased with the increase in the concentration of
essential oils and also with time. The contact toxicity of Pyrethrum
(with LCso equivalent to 84.77, 24.92, and 11.39 ul cm2, respectively,
attime intervals of 6, 12, and 24 hours) was significantly higher than
Rosemary essential oil. In addition, the highest rate of death in both
essential oils was observed 24 hours after essential oil application.
On the other hand, Rosemary and Pyrethrum essential oil in
different concentrations caused the removal of different
percentages of the cockroach population. The highest percentage of
removal occurred in concentrations of more than 1.56 pl cm?2 of
rosemary essential oil, which caused the removal of nearly 60% of
the cockroach population. Considering the frequency of growth and
compatibility of Pyrethrum and Rosemary with Iranian weather
conditions and the possibility of their mass production, the essential
oil of these plants can be considered a suitable alternative to control
cockroaches in an integrated management program.
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EXTENDED ABSTRACT

Introduction

Indiscriminate use of chemical insecticides, apart from serious environmental
hazards, has led to the development of insect resistance to insecticides. The use of
environmentally friendly natural compounds such as essential oils and plant secondary
metabolites can be proposed as alternative strategies. There are several reports on the
insecticidal and repellent properties of essential oils and plant extracts against
agricultural and health pests. Since 1980, the focus on plant essential oils and their
compounds has increased. Research has shown that more than 2300 different plant
species have useful properties in pest control.

The insecticidal and repellent properties of essential oils of plants such as garlic (Allium
sativum L.), eucalyptus (Eucalyptus sp.), marjoram (Origanum majorana L.), mint (Mentha
arvensis L.) and citrus against cockroaches have been evaluated. In the present study, contact
toxicity and repellency properties of rosemary (Rosmarinus officinalis) and pyrethrum
(Chrysanthemum cinerariaefolium) essential oils on German cockroaches were evaluated.

Methodology

A colony of adult German cockroaches was prepared from the insectarium of the
Department of Medical Entomology, Tehran University of Medical Sciences and Health
Services. Insects were fed using soybeans, leftover bread, biscuits and water. Insects were
keptin the incubator under temperature conditions of 25°C, humidity of 55% and a period
of 12 hours of light and 12 hours of darkness. The Pyrethrum and Rosemary plants were
prepared from the National Botanical Garden of Iran and were shade-dried in the
laboratory. Rosemary leaves flowering branches and pyrethrum leaves were used to
prepare essential oil.

The essential oil was extracted by the Clevenger for 3 to 4 hours. The obtained essential
oils were stored in dark glass containers in the refrigerator at a temperature of 4°C. The
experiment was conducted in a completely randomized design as factorial with three
replications. Essential oils in concentrations of 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 puL. cm2 according
to the WHO recipe in 6, 12 and 24-hour intervals were tested for mortality and repellency
of German cockroaches. For contro], filter paper dipped in acetone was used. The contact
toxicity of essential oils was investigated based on the method of Tapondjou et al. (2005).

The laboratory filter paper was immersed in the petri dish containing the essential oil
solutions and then the extra solution was removed. After drying, the laboratory filter paper
was placed inside Petri dishes. After placing the cockroaches on the Petri dishes, they were
closed by the grid. Then, the mortality of cockroaches was evaluated in 6, 12 and 24 hours
intervals. The cockroaches that fell on their backs and lacked movement were considered
dead. The repellency of pyrethrum and rosemary essential oil was determined using the
method of Tavara et al. (2007). Wooden boxes with glass doors were used. Each box was
divided into two equal parts and each part was covered by filter paper. Essential oils in
concentrations 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 uL. cm-2. Two ml of different concentrations were
poured and spread on the paper in the dark part of the box. After 24 hours, the number of
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cockroaches in the different parts was counted. The repellency percentage was determined
using equation 1.

(T x 100)
N

Equation 1. Reppelilncy (%) = 100 —

Where T is the cockroach number in the treated area, N is the cockroach number. The

analysis of variance was done using SAS statistics. The LCso values of each of the essential
oils were calculated by the Probit model.

Results and discussion
The highest percentage of mortality was 95 and 97.7% when German cockroaches

were exposed to 6.4 ml cm2 rosemary and pyrethrum essential oils for 24 hours,
respectively (Figure 1).
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Figure 1. The interaction of plant essential oil concentration with time on pest mortality percentage. In
each column, the averages that have at least one letter in common do not have a statistically significant
difference (Duncan's a=0.05).

There was a significant difference between rosemary essential oil LCso in the period of 6,
12 and 24 hours which respectively were 8.82, 3.61 and 1.82 ml cm2 The LCso of pyrethrum
essential oil obtained was 6.68, 1.92, and 0.88 ml cm2 in the mentioned periods (Table 1).
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Table 1. Calculated LCso value for essential oils of rosemary (Rosmarinus officinalis) and pyrethrum
(Chrysanthemum cinerariaefolium) on whole insects of German cockroach (Blattella germanica) in
different time periods.

1 0,
] time n X2(df) Heterogeneity  SlopexSE LCso Confidence (95%)

oil minimum  Maximum
6 360 1.413(4) 0.35 1.91+0.315 8.82 6.29 15.88
Rosemary 12 360 0.833(4) 0.21 1.83+0.205 3.61 2.89 4.76
24 360 11.821(4) 2.96 1.88+0.18 1.82 1.14 3.39
6 360 1.538(4) 0.38 1.83+0.26 6.68 4.99 10.48
Pyrethrum 12 360 4.08(4) 1.02 1.74+£0.172  1.92 1.44 2.68
24 360 2413(4) 0.6 2.28+0.199 0.88 0.75 1.04

n= number ofinsects, (df)= degree of freedom, SE= standard error, LCso= lethal concentration cause 50% morality

By increasing the concentration of rosemary essential oil solution from 0.2 to 1.6 ml cm?,
the repellency percentage increased from 6.68 to 59.3. However, increasing the
concentration of rosemary oil extract did not increase the repellency percentage
significantly (Figure 2).
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Figure 2. The effect of plant essential oil concentration on pest repellency percentage. In each column, the
averages that have at least one letter in common do not have a statistically significant difference (Duncan's
a=0.05).
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