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The characteristics and the bioassay of controlled release formulations (CRFs) of etofenprox which
has been used for pest control using a nano-sized chitosan carrier to control the released amount of the active
ingredients were evaluated. The CRF was prepared in three types, ENC1 (M.W. 3000, 0.3%), ENC2 (M.W.
30,000, 0.1%) and ENC3 (M.W. 30,000, 0.3%), according to a difference in release patterns by adjusting the
molecular weight and concentration of chitosan. After the release properties of the active ingredients and
biological activities of the 3 formulations were evaluated, the ENC2 type was selected. A shape of the ENC2
type was taken by a scanning electron microscope (SEM), and it was confirmed that the ENC2 type had a
polygonal shape and ENC2 particles with various sizes of 800 nm or less were mixed. The release of the
ENC2 type in a CRF began after it reacted with a solvent, and the ENC2 became smaller, and the shape of
ENC2 nanoparticle was changed. However, in the ENC2 type formulation, de—encapsulated active ingredi-
ents of etofenprox exhibited initial insecticidal effects, and thus the ENC2 type was modified to be prepared
as an ENC2A formulation in which all the active ingredients of etofenprox were encapsulated. The ENC2A
formulation exhibited the properties of CRF in the release properties of the active ingredients and the effec-
tive activity against Spodoptera litura. These results suggest that such CRF is considered to be used as a
method of preventing loss of active ingredients of chemicals and increasing the activity of the chemicals
against a target pest, thereby decreasing the use of the chemicals.

INTRODUCTION

In agricultural field, crop protecting agents have con-
tributed to affluent life of mankind by enabling stable
growth and development of crops and their yield enhance-
ment. Meanwhile, in line with a trend of well-being cul-
ture, increasing customers’ needs for high quality and
safe agricultural products, and a global diffusion of envi-
ronmental-friendly agriculture in which agriculture is in
harmony with environment, various approaches to
decrease the use of the crop protecting agents have been
conducted. Accordingly, the development of crop pro-
tecting agents is focused on the development of products
that are safe to environment and have enhanced insecti-
cidal effects. However, since there are many difficulties
in developing novel agricultural chemicals by synthesis,
research on development of novel formulations has been
intensively conducted. As a result, aqueous formulations
replaced by an organic solvent, formulations for seeds
and seedling with reduced environment dosage, and
directly—treated tablet formulations considering conven-
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ience of users have been developed. However, to achieve
successful diffusion of sustainable agriculture, there is
still a need to develop a method of crop protection in
order to reduce the use of the crop protecting agents.

Spodoptera litura is one of the major agricultural
pests in Korea and a polyphagous pest belonging to the
genus Spodoptera, the family Noctuidae and the order
Lepidoptera (Minamikawa, 1937; Bae et al., 1997), and
S. litura is a reportedly an insect pest that attacks
approximately 150 kinds of host plants (Rao et al., 1993)
and that mainly damages southern areas of Korea (Kim
and Shin, 1987; Bae and Park, 1999). S. litura occurs
across the country four to five times yearly (Bae et al.,
2004), and the insect pest in mixed stages from eggs to
adults attacks various crop cultivation areas after August
(Bae et al., 2007). In general, at least 3rd—instar larva
except for young larva of S. litura is a representative
insect pest of which chemical control is very hard (Kim
et al., 1998; Bae et al., 2003; Sayyed et al., 2008), and its
growth period is so short that the use of insecticides and
the best time to spray chemicals during cultivation period
are limited, and thus if systematic and intensive manage-
ment of the larva of S. litura is not implemented in the
initial stage of occurrence thereof, it is very hard to con-
trol the larva of S. litura.

To control such tobacco cutworm S. litura, etofen-
prox, which was registered in Korea and has been widely
used as an insecticide, is used and is known to have
effects in insect pests of the order Lepidoptera such as
S. exigua and Carposina niponensis and insect pests
such as Hemaiptera, whiteflies and aphids. However,
when these insecticides with excellent insecticidal effects
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are sprayed, the residual activity of the insecticides is
rapidly reduced due to various factors of natural envi-
ronments, and thus the insecticides were used to be fre-
quently sprayed at a higher concentration than an appro-
priate spraying concentration against a target insect
pest. In addition, when the amount of chemicals used and
the spraying number thereof increase even if the chemi-
cals have excellent insecticidal effects, it may naturally
enable the target pest to have a resistance to the chemi-
cals. Therefore, various methods of reducing the spraying
number of crop protecting agents, preserving ecosys-
tems and environmentally—friendly controlling insect
pests have been studied (Choi et al., 1996; Jin et al., 2009;
Kim et al., 2008).

As an example of the methods described above, an
encapsulation technology, which is controlled release
formulation (CRF) enabling a decrease in the amount of
agricultural chemicals used, contributes to the stability
of unsteady core materials, provides a protective func-
tion from the materials releasing sharp odors and adds
biocompatibility to carrier systems having a minimum size
distribution. Such encapsulation technology has been
widely used in the pharmaceutical drug delivery field and
is a considerably potential technology even in the agri-
cultural field (Sonvinco et al., 2006). CRFs prepared
using the encapsulation technology protect the drug,
maintain the concentration of drug within an optimum
range by adjusting the release of active components, and
provide the sustainability of the effect. In this method,
lecithin, which is widely used as a carrier system and
surfactant, is a lipid mixture of phospholipids that has
been mainly used for forming liposome that can entrap
the hydrophobic or hydrophilic materials inside and in
micelles under aqueous conditions (Liu and Park, 2009;
Ogawa et al., 2003; Calvo et al., 1997; Batzri and Korn,
1973). Such liposome used as a carrier, loaded with mol-
ecules such as small drugs and is extremely versatile due
to the variability of their composition (Volodkin et al.,
2007). The CRF using the encapsulation technology pro-
tects drugs, automatically adjusts the release amount of
active components, thereby maintaining the concentra-
tion of drugs within an optimum range, and provides the
sustainability of the effect for a certain period of time.
Some papers disclosing examples of using the properties
of the controlled release formulation contributed to the
development of the CRF in the agricultural field (Bang
et al., 2009; Isiklan, 2006).

This study was conducted to verify a method of
reducing the spraying number and the use of insecti-
cides, and enhancing the efficacy of insecticide using the
nano—encapsulation technology.

MATERIALS AND METHODS

Preparation of controlled release formulations
(CRFs)

CRF's were prepared using the method proposed by
Bang et al. (2009). The CRF's of etofenprox—containing
using the method were all in different types according to
the molecular weight and concentration of a chitosan
solution used when liposome was coated with chitosan
in order to select optimum coating materials and condi-
tions for encapsulation (Table 1). First, the ENCI1 type
(MW 3,000, 0.3%), the NEC2 type (MW 30,000, 0.1%),
and the ENC3 type (MW 30,000, 0.3%) were prepared
by adjusting the molecular weight (MW) and concentra-
tion of chitosan to select the coating materials. After
ENC2 was selected by bioassay, ENC2A (MW 30,000,
0.1%) was prepared using the same material but a little
different method in order to encapsulate all active ingre-
dients of etofenprox because ENC2 type did not encap-
sulate some of the active ingredients.

4 types of etofenprox CRF's, i.e., ENC1 (MW 3,000,
0.3%), ENC2 (MW 30,000, 0.1%), ENC2A (MW 30,000,
0.1%) and ENC3 (MW 30,000, 0.3%) were prepared in a
biopolymer engineering lab at Korea University and pro-
vided. As a standard for bioassay, Sebero (ai; 20% EC,
Kyung-Nong Co., Ltd.,), a commercial product of which
active ingredient is etofenprox, was purchased from an
agricultural chemicals shop.

Release characteristics of controlled release for-
mulation (CRF)

The CRF was prepared as a liposome by using the
preparation method (Bang et al., 2009) as mentioned
above and isolated as a resulting product in a pellet form
by centrifugation. Then, it was resuspended with phos-
phate buffered saline (PBS) to prepare a sample. The
prepared nano-liposome sample was stored at room
temperature and was stirred at a constant speed.
Subsequently, the sample was taken out at predeter-
mined constant time intervals, a small amount of acetone
was first added to the sample (this process was per-
formed due to the specific gravity of insecticide used

Table 1. The controlled release type of etofenprox made by Chitosan

Code number Coating material®

First release Existence of non-coated

time etofenprox
ENC1 Chitosan M.W. 3,000 0.3% 14h. 0
ENC2 Chitosan M.W. 30,000 0.1% 24h. 0
ENC2A Chitosan M.W. 30,000 0.1% 24h. X
ENC3 Chitosan M.W. 30,000 0.3% 39h. o

*: Diverse chitosan’s molecular weight (g/mole=Da) and chitosan solution’s concentraion.
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and low water solubility thereof), and the sample was cen-
trifuged. Then, it was confirmed how much active ingre-
dients were contained in the sample by using GC with
respect to the supernatant of the centrifuged sample,
and quantitative analysis of the active components
released from the nano-liposome for a certain period of
time was performed. GC analysis was conducted using
method proposed by Bang et al. (2009).

SEM photographing

In order to identify ENC2, which was a chitosan—
coated CRF, samples were observed in powder state
without being subject to any pre-treatment. Meanwhile,
in order to identify a change in ENC particles over time
after reacted with a solvent, ENC2 was sprayed to a host
plant and samples were collected at predetermined time
intervals. Leaves of the host plant to which ENC2 was
sprayed were cut to a size of 0.5 cm X 0.5 cm by using a
clean scissors, and then immersed in a fixing solution
prepared by mixing 5% glutaraldehyde and 4% parafor-
maldehyde and the leaves—containing solution was pre-
served at a temperature of 4 °C for 24 hours. Each step
was subjected to washing for 5 minutes using distilled
water, and then dehydrated using ethanol series and iso-
amyl acetate. The ethanol series refer to 30, 50, 70, 80,
and 100% ethanols, and 100% ethanol was used twice
and each step underwent dehydration for 10 minutes.
Then, for each step, dehydration is further performed
twice by using isoamyl acetate for 10 minutes. Then, the
samples were frozen at a temperature of —70°C for 1
hour and then dried in a vacuum condition for 24 hours.
Then, the dried each sample was attached to aluminum
stub by using a carbon tape. The samples were coated
by using an osmium coater (HPC-1SW, Vacuum device),
and then assayed by SEM (S-4800, Hitachi) at 15 kw.
The SEM was committed to Common Experimental Lab.
of Chungnam National University.

Bioassay

S. litura obtained from National Academy of
Agricultural Science of Rural Development Administration
was used for the bioassay, and an artificial feed was pre-
pared according to a method disclosed by Goh et al.
(1990). S. litura was reared for several generations at a
temperature of 252 °C, in a light condition of 16L:8D,
and in a relative humidity of 50 to 60%. Chinese cab-
bage seedlings obtained from Geumgang Seedling Raising
Center (Daejeon, Korea) were used as a host plant in the
present experiment. Before used in this experiment, the
host plants were transplanted in a plastic port and placed
for two to three days for rootage.

The two types of insecticidal effect of the CRF's
(ENC1, ENC2, ENC2A, and ENC3) on S. litura were
conducted. First, each CRF was sprayed at 200 ppm to
the Chinese cabbage seedlings and then desired volume
of leaves was collected from the Chinese cabbage at each
time. The Chinese cabbage used in the test was placed on
agar medium having a thickness of 1 to 2 cm in a petri
dish to provide moisture. The experiment was performed
on every other day, and a residual effect test was per-

formed on Sebero EC and CRF's for about one month.
Second, according to the amount of the de—encapsulated
active ingredient of etofenprox, a direct contact poison
test and a digestive poison were performed using the
collected supernatant including the de—encapsulated
and released active ingredients of etofenprox 48 hours
after CRF's were exposed to identify whether etofenprox
was coated when the formulation is prepared or not. For
each treatment, 10 2"-stage-larvae of S. litura were
inoculated, each treatment was performed three times,
and a mortality rate 48 hours after the inoculation was
measured. All the indoor tests were performed at least
three times for each and the results are obtained by
using Microsoft Excel (Redmend, WA) software. In
order to determine the phytotoxicity of CRFs (ENCI,
ENC2, ENC2A, and ENC3), and Sebero EC were treated
to have a concentration of 400 ppm, twice a convention-
ally used concentration, and the test of phytotoxicity
had been identified for 15 days. The host plant treated
with the chemicals was placed in a net cage so as to pre-
vent other insects from invading.

RESULTS AND DISCUSSION

Structure and Preparation of controlled release
formulations (CRFs)

There are various pests in crops and in particular,
noxious insects exist in the mixed stages of eggs, larvae,
pupae, and adults. However, most crop protecting agents
for removing insect pests control only the specific stage
of insects like larvae or adult. Thus, it is difficult to pre-
vent (control) new population from the uncontrolled
pupae and eggs. In addition, in the case of chemicals used
for pest control, the active ingredients of the chemicals
are decomposed after application by environmental con-
ditions, and thus the effects of the chemicals also decrease
over time. Thus, the controlled release formulation
(CRF) technology, which can reduce the loss of the
active ingredients of chemicals until they reach a target
pest, is considered to sustain the effects of the chemicals
and decrease the spraying number of the chemicals. In
order to appropriately control the amount of active ingre-
dients of an agricultural chemical, research into various
purposes of CRF's, such as insecticides or pheromone,
based on an encapsulation technique mostly used for
medical treatments are being performed (Cao et al.,
2005; Cork et al., 2007; Ro et al., 1995; Samson and
Harris, 1997). In this experiment, etofenprox was used
as a core material and the CRF of etofenprox was encap-
sulated with a coating material such as chitosan or leci-
thin.

In regard to the coated particles, etofenprox was sur-
rounded by lecithin, which was hydrophilic and hydro-
phobic materials, thereby forming a circular structure,
that is, a liposome. In regard to the liposome, a hydro-
phobic group of lecithin was located in an inner part of
the liposome and a hydrophilic group of lecithin was
located in an outer part of the liposome. The inner part
of the liposome had the active ingredient of etofenprox,
which was hydrophobic. Since an outer surface of the
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Hydrophllic group of Lecithin

Hydrophobic group of Lecithin
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Fig. 1. The schematic of resulting sample.

formed liposome had a negative charge in an acid condi-
tion, chitosan, which had a positive charge in the acid
condition, was used for the coating (Fig. 1). The CRF of
etofenprox had a hydrophilic property due to the chitosan
coating, although the property of etofenprox did not
have a hydrophilic, thereby having good miscibility with
water. Accordingly, the CRF of etofenprox prepared by
coating might have a wide size range from about 200 nm
to 600 nm (Bang et al., 2009).

The CRFs were prepared as ENC1 (M.W. 3,000,
0.3%), ENC2 (M.W. 30,000, 0.1%), ENC3 (M.W. 30,000,
0.3%) according to the molecular weight and concentra-
tion of the coating chitosan (Table 1). According to the
amount of chitosan used for coating, a first release time,
a cumulative release amount of pesticidal etofenprox, and
a particle size might vary. When ENCI1 including the
smallest amount of coating chitosan was used, the first
release occurred after 14 hours, which was the fastest
release time among the CRF's. When ENC3 including the
largest amount of chitosan for coating was used, the first
release occurs after 39 hours. The results showed that as
higher amount of the chitosan was used, the first release
time was increased.

In order to identify nanoparticles of the CRF's, the
type and size of the CRFs were observed by SEM (Fig. 2).
Referring to Fig. 2, the size range of the controlled for-
mulations is from a small size to 800 nm, and was the

Fig. 2. Scanning electron microscope photograph of ENC2 bead,
magnification x 20,000.

same as the results were similar to the results of Bang et
al. (2009). Furthermore, such various sized particles had
a polygon shape, not a circular shape which was a nor-
mal shape of a liposome. Such results might be due to
use of other materials required in the formulation proc-
ess, such as a surfactant or a dispersant.

Release characteristics of controlled release for-
mulation (CRF)

As shown in Fig. 3, 3 types of the CRF had different
release characteristics according to the molecular weight
and concentration of the coating chitosan. In regard to
ENCI including the smallest amount of coating chitosan,
the active ingredient of etofenprox started to be released
the earliest after contact with water, and after 110 hours,
the cumulative release amount of the active ingredient
of etofenprox was increased at the most rapid rate
among the three types of the CRFs and then the cumula-
tive release amount was decreased. On the other hand,
in regard to ENC3 including the greatest amount of coat-
ing chitosan, the first release occurred later than the
others and the cumulative release amount was not
decreased even after 160 hours. The cumulative amounts
of etofenprox released from the three types of the CRFs
did not reach 30 ppm and the release characteristics
were gradually reduced. The objective is to maintain the
cumulative amount of etofenprox slowly released from
the CRF to be 31 ppm for about 15 days so that the activ-
ity of LC,, appears in 3" stage instars of S. litura (Bae et
al., 2003). Sebero, which is a commercially available
etofenprox, persists about 7 days and controls only some
larvae and adults of S. litura whose life cycle is from
about 27 days to 36 days. Accordingly, additional one
week is required to control eggs and flying insects from
other fields, excluding the larvae and adults which are
controlled by spraying this chemical. Correspondingly,
the required characteristic of the CRF is that the effec-
tive component of the chemical is slowly released and
the drug effect persists for about 14 days (Bae, 1999a;
Bae, 1999Db).

Among the three types of the CRFs, ENC1 was
released too early and on the other hand, ENC3 was
released too late. ENC2 showed release characteristics
between ENC1 and ENC2. Accordingly, based on the

=+ENCI
“WENC2
“ENC3

Etofenprox(ppm)

0 20 40 60 80 100 120 140 160 180
Time(hour)

Fig. 3. The etofenprox concentration released from several bio-
nano ENC types.
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release characteristic over time and the cumulative
amount, ENC2 was selected and a further experiment
was performed. According to Fig. 4, the release amount
was increased after 71 hours and the cumulative release
amount was the greatest at 142 hours. The results sug-
gested that an insecticidal efficacy against S. litura per-
sisted for 142 hours. The cumulative release amount con-
tinuously increased and at 142 hours, the cumulative
release amount was gradually reduced and a certain con-
centration maintained until 241 hours (Fig. 4).
Meanwhile, since the CRF was prepared by coating
etofenprox with liposome and chitosan to encapsulate
the active ingredient of etofenprox, the CRF of etofen-
prox had activity by releasing as it exposed to a solvent.
Accordingly, the chemical might show efficacy when
pest contacts or feeds the chemical sprayed on crops. A
change of the encapsulated CRF when exposed to a
highly alkaline midgut of S. litura feeding the chemical
was identified. The midgut of S. lZtura is known to be
basic and produces a basic product (Berenbaum, 1980;
Skibbe et al., 1996). The effect of chitosan, which is the

14 35
12 30
10 25
E 8 20
g 6 15
X
g 4 10 ==pgrind
5 2 5  —Cumulative
°
T o 0
o 24 44 n 91 18 142 164 5
" -10
-6 -15
Time(hour)

Fig. 4. The etofenprox amount released from controlled release
formulation ENC2 type over time.

Fig. 6. Scanning electron microscope photographs of treated ENC2. (A) after 0 day, (B) after

major coating material of the CRF, on the release by a
chemical reaction in a midgut’s basic state was identified
(Fig. 5). As aresult, though the release occurred in both
neutral (pH 7.6) and basic (pH10.6) condition, the release
rate was lower in the basic solvent than the neutral sol-
vent. The lower release rate in the basic solvent might
be due to the fact that the chitosan and lecithin were dis-
solved in an acidic solvent in the preparation process.
As a similar research result, when calcium alginate which
is prepared using an alkaline solvent in the preparation
process for a CRF is used as a coating material, the
release of an effective material is hindered in an acidic
condition (Isiklan, 2006; Roy et al., 2009).

Since a CRF had such a characteristic that a chemi-
cal was slowly released over time, a particle shape change
was identified by SEM (Fig. 6). The experiment was
performed to identify a particle shape when controlled
particles began to react a solvent (Fig. 6A), when 44
hours had passed after the spraying (Fig. 6B), when 142
hours, during which the cumulative release amount was
continuously increased, have passed (Fig. 6C), and when

Peak area
g

800 - ——ENC2 pH 7.6
600 - —#-ENC2 pH 10.6

21 42 63 77 108 129 143
Time(hour)

Fig. 5. The release property of ENC2 type under the different
pH.

44 hours, (C) after 142 hours, and (D) after 14 days.
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two weeks had passed (Fig. 6D). Referring to the figures
described above, when the CRF began to be exposed to
the solvent, the chemical was released and thus, the par-
ticle size was reduced. Over time, the group of particles
was decreased and particles have smooth surfaces. The
sizes of diluted particles were mostly about 100 nm.
Even when the release was performed, the particle shape
was not or slightly changed. When particle sizes of the
experimental group and a control group were compared
after two weeks, the particle size of the experimental
group was slightly decreased and the number of parti-
cles on leaves was reduced.

Biological activity

Since etofenprox used as a material having insecti-
cidal activity in the CRF causes a contact poison and a
digestive poison, a new formulation in which etofenprox
was coated with chitosan and slowly released was com-
pared with a commercial product in terms of biological
activity (Table 2). In regard to the contact poison and the
digestive poison characteristic, both ENC2 and a com-
mercial product of etofenprox showed 100% of mortal-
ity. This ENC2 of the CRF initially showed a contact poi-
son and the result might be caused by a non—coated pes-
ticide. The objective of the production of the CRF was
to entirely coat the pesticide so as to release only a
required amount of pesticide at a target time. In order
to solve this problem, all active ingredients were coated
to prepare ENC2A and the new ENC2A showed a mor-
tality rate of 23% and 27% against a contact poison and

Table 2. The mortality of 2" instars of Spodoptera litura to the
different controlled release formulations (CRFs) by
contact poison and digestive poison

Type Contact poison Digestive poison
Control 0% 0%
Etofenprox 100% 100%
ENC2 100% 100%
ENC2A 23% 27%

' Mortality of 2" instars of Spodoptera litura 48 hours after
inoculation.

CNU 15.0kV 8.4mm x1.50k

Fig. 7. Scanning electron microscope photograph of Spodoptera
litura’s stoma, magnification x 1,500.

a digestive poison, respectively (Table 2). If ENC2A
enables the release amount and release rate to be con-
stant, a desired CRF may be obtained from addition of
active ingredients.

Meanwhile, whether sprayed ENC particles, which
were a nano CRF, pass through a stigma of S. lztura so
as to obtain an insecticidal effect was tested (Fig. 7).
The size of the stigma of S. litura was about 37.3 ym.
Thus, it was deemed that ENC particles having a size of
100 to 800 nm of the nano controlled formulation may
sufficiently pass. Three types of nano ENC formulations
prepared all in different conditions to show characteris-
tics of a controlled formulation were identified by per-
forming an efficacy test (Fig. 8). Based on results of the
residual effect test of ENC1, ENC2, ENC3, and etofen-
prox (Sebero 20% EC) as a standard, it could be identi-
fied that all the tree types of formulations showed a sub-
stantially higher mortality rate than the standard. In
regard to etofenprox used as the standard, 5 days after
the spraying, the mortality rate was decreased to 50% or
less, and 15 days after the spraying, the mortality rate
was almost zero. However, among the three types of CRF,
ENCI1, of which the initial release occurred the earliest,
showed the highest mortality rate until two days after
the spraying, and ENC3, of which the initial release occurs
most late, showed the lowest mortality rate. In regard to
the mortality rate 7 days after the spraying, ENC1 ini-
tially showed the highest mortality rate and 9 days after,
its mortality rate was rapidly reduced. That is, ENC1 did
not show a sustainably effective insecticidal effect. The
other types of formulations also initially showed the sim-
ilar mortality rate, and ENC2 was selected for a further
experiment because it showed the highest mortality rate
15 days after the spraying.

The CRFs of etofenprox were needed to improve an
inconsistent efficacy as a product according to the amount
of etofenprox that was not completely encapsulated in
the CRF preparation process. Accordingly, the same
material as used for ENC2 was used and some of the
method of preparing ENC2 was modified to produce
ENC2A in which the active ingredient of etofenprox was
completely encapsulated (Table 1 and 2). According to

100 5
—+Con.
90 1 —B-Etofenprox
80 - —*-ENC1
70 —=ENC2
60 ~*~ENC3
g
£ 50 -
K]
5 40
=
30 -
20 -
10 4
0 g g \ g + L g
/] 1 3 5 7 9 11 13
Time(days)

Fig. 8. The mortality of 2" instars of Spodoptera litura to the
different controlled release formulations by the residual
effect test on the Chinese cabbage.
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Table 3, the mortality rate of ENC2A was continuously
increased after the spraying, and 9 days after the spray-
ing, the mortality rate reached to 83%. In regard to the
commercial etofenprox product, the mortality rate at the
spraying date was 100% but 3 days after the spray, the
mortality rate was 63%. Compared with time showing
more than 50% of mortality rate, the effect of ENC2A
lasted up to about 14 days after spraying while the effect
of etofenprox (Sebero 20% EC) lasted up to 5 days. The
effect of ENC2A might be enhanced by preventing loss
of the active ingredients of chemicals. Since the efficacy
of ENC2A was maintained twice as long as commercial
etofenprox product, the effect of once spraying might be
equivalent to that of twice spraying. These results sug-
gest that such CRF is considered to be used as a method
of preventing loss of active ingredients of chemicals and
increasing the residual activity of the chemicals against a
target pest, thereby reducing the use of the chemicals.
Therefore, ENC2A might be commercialized through
addition of a desired amount of etofenprox to compen-
sate for the low initial insecticidal effect. In addition,
etofenprox—containing CRF did not show any symptoms
of phytotoxicity on the Chinese cabbage, compared with
etofenprox (Sebero, 20% EC) and control.

A variety of chemical pesticide used in agricultural
ecosystem are not fully used to control target insects, and
are decomposed and lost by various environmental con-
ditions such as sunlight, rainfall, and the like. Thus, there
is a need to continuously conduct research on a method
of reducing the use of agricultural chemicals by using a
controlled release formulation based on nano—encapsu-
lation that can enhance the effect of the chemicals by
controlling active components not to be decomposed and
lost.

Table 3. The mortality of 2" instars of Spodoptera litura to
etofenprox (Sebero 20% EC) and ENC2A by the resid-
ual effect test on the Chinese cabbage

Mortality (%)"

Day after Btof
PPRCAON ehero 20% EC) BNC2A

3 63 68

5 50 71

7 24 74

9 16 83
11 11 66
13 3 53
15 6 46
17 0 34
19 0 28
21 0 27
23 0 20
25 0 11

' Mortality of 2" instars of Spodoptera litura 48 hours after
inoculation.
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