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Abstract

Cucumber is one of the most important agricultural products in many countries. Presently, the annual
global cucumber production was approximately 71 million tonnes. Nonetheless, downy mildew, a
common disease caused by Pseudoperonospora cubensis (PC), has led to a devastating impact on the
quality of cucumber. The long-term usage of fungicide leads the occurrence of fungicide resistance and
decreases host resistance. Emulsions synthized by oil could be an alternative for plant antifungal
protectants. So far, no literature reported the effect of droplet size of emulsion on plant diseases. In this
research, we synthesized environmental friendly antifungal micro/nano-emulsions using six types of oil
(neem oil, moringa oil, soybean oil, cinnamon oil, clove oil, and camellia oil) and evaluated their
antifungal activity of the emulsions upon the cucumber downy mildew. The key parameters affecting
process of synthesizing droplet size of micro/nano-sized emulsions, including temperature,
homogenization speed, oil to surfactant ratio, water ratio and surfactant ratio were evaluated. Then,
the antifungal activity against cucumber downy mildew of these emulsions were tested via different oil
types, oil concentrations (0.0125% - 0.1%), and droplet size of emulsions (100 - 1,000 nm). Results
showed that 0.1% of moringa-type, cinnamon-type and clove-type emulsion had better antifungal
efficacy compared to neem-type, soybean-type, and camellia-type. As decreasing the oil concentration
from 0.1% to 0.025%, the disease incidence of moringa-type and cinnamon-type emulsion did not show
significant changes, by contrast, the clove-type emulsion increased with decreasing oil concentration.
The droplet size of cinnamon-type emulsion synthesized by 0.025% cinnamon oil increased from around
114 to 1,209 nm with the disease incidence increased from 6.67% to 30%, which could be attributed to
collision of oil droplets and sporangia The findings suggest that cinnamon oil emulsion is an excellent
antifungal agent and can be used for protecting cucumber from the incidence of downy mildew.
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1. INTRODUCTION

Cucumber (Cucumis sativus L.) which produces tender edible fruits is one of the economically crops in
the world (Fan et al., 2019, Luan et al., 2019). The annual global cucumber production was
approximately 71 million tonnes (FAO, 2018). It is also an important vegetable in Taiwan. Its sales
value continues to raise and reached 12.7 billion in 2019 (Councilofagriculture, 2019). However, plant
diseases caused by pathogenic fungi lead to seriously impact on crops along with decreased production
and quality (Luan et al., 2019, Li et al., 2020). Of them, cucumber downy mildew caused by the
oomycete Pseudoperonospora cubensis (Berk. Et Curt.) is a devastating disease that appears in around
80 countries and over 50% cucumber yield can be decreased (Fan et al., 2019, Luan et al., 2019, Salas
et al., 2019). To protect crops, fungicides are widely used which also leads to a large usage amount
increase (Zhang et al., 2019c). Currently, the numerous and improper use of fungicides certainly cause
to develop resistance (Zhang et al., 2019b). Some researches also mentioned that potential safety hazards
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and environmental pollution such as soil and groundwater contamination. In addition, dizziness,
sleepiness, loss of appetite, liver damage, fetal malformation, a series of acute and chronic poisoning
symptoms are confirmed (Zhang et al., 2019a, Zhang et al., 2019c). Therefore, an environmental friendly
plant antifungal protectants is necessary.

Emulsion have been widely utilized in various fields such as agriculture, food preparation, medicine,
cosmetic and aroma applications and contamination remediation. It can be regarded as antimicrobial
agent, drug delivery carrier, food additive and plant protectant (Moghimi et al., 2016, Swathy et al.,
2018). For agricultural use, emulsion was applied to encapsulate high toxic active compounds such as
chlorpyrifos and parathion. Nowadays, it tends to encapsulate environmental friendly compounds such
as plant extracts and plant oils (Wang, 2007). Eight types of cooking oil (corn oil, sesame oil, peanut
oil, sunflower oil, safflower oil, canola oil, grape seed oil and soybean oil) were test the tomato powdery
mildew. Results showed that all of the oils can inhibit tomato powdery mildew after emulsification.
Among these, sunflower oil emulsion could lead to the inhibition on mycelial growth and conidia
germination (Ko et al., 2003). Cymbopogon citratus, Cymbopogon martini, and Pelargonium graveolens
are emulsified and test the efficacy of controlling seed borne fungi of rice such as Curvularia lunata,
Fusarium moniliforme, Bipolaris oryzae, and Sarocladium oryzae. This research indicated that the
inhibition on the mycelial growth increased along with the increase of oil concentration. C. citratus oil
emulsion at 30% oil concentration could reach 100% inhibition (Naveenkumar et al., 2017). Thymol
nanoemulsion showed in vitro growth inhibition of Xanthomonas axonopodis and the seed treatment
and foliar application could significantly lowered the disease severity (33.3-3.3%) (Kumari et al., 2018).
Therefore, emulsions synthized by oil could be regarded as an alternative for plant antifungal
protectants. However, lots studies reported oil emulsion can protect plant disease attributed to the
antimicrobial compound of the oils or the oil concentration. No literature evaluated the effect of droplet
size of emulsion on any plant diseases. The objectives of the research are to synthesized environmental
friendly antifungal micro/nano-emulsions using six types of oil (neem oil, moringa oil, soybean oil,
cinnamon oil, clove oil, and camellia oil) and evaluated their antifungal activity of cucumber downy
mildew. The key parameters affecting process of synthesizing droplet size of micro/nano-sized
emulsions, including hydrophilic—lipophilic balance, temperature, homogenization speed, and oil to
surfactant ratio were evaluated. Then, the antifungal activity against cucumber downy mildew of these
emulsions were tested via different oil types, oil concentrations (0.0125% - 0.1%), and droplet size of
emulsions (100 - 1,000 nm).

2. MATERIALS AND METHODS
2.1. Materials

The oils such as neem oil, moringa oil, soybean oil, cinnamon oil, clove oil, and camellia oil were seen
as oil phase purchased form local market. Span 80 (1338-43-8, Sigma-Aldrich, Taiwan) and Tween 80
(9005-65-6, Sigma-Aldrich, Taiwan) was used as surfactant. This research investigated the oil droplet
sizes of emulsions by adjustment the parameters of operating temperature, oil to surfactant ratio, water
ratio and surfactant ratio and homogenization speed.

2.2.Preparation of emulsions

The soybean oil was selected to test the inferences on droplet size. The emulsions were homogenized
(Ultra Turrax T25, IKA, Germany) with soybean oil, DI water and surfactants by consideration the
parameters of hydrophilic—lipophilic balance, temperature, homogenization speed, and oil to surfactant
ratio.

2.2.1. The operating temperatures

The emulsions were prepared at five different operating temperatures (25, 30, 40, 50, 60, 70, 80°C) by
the water bath (SB-1200, EYELA, Japan) and were measured the droplet sizes after preparation.
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2.2.2. The oil to surfactant ratio, water ratio and surfactant ratio

Emulsion is composed of oil, DI water and surfactant so the ratio between them has the influence on the
droplet size of emulsion. To study the effect of the oil to surfactant ratio on emulsions, emulsion formed
with different oil to surfactant ratios, 5:1, 5:3, 1:1, 1:3 and 1:5, were prepared. Besides this, the DI water
ratio (82, 86, 90, 94 and 98%) and surfactant ratio (1%, 3%, 5%, 7% and 9%) were also researched.

2.2.3. The homogenization speeds

To investigate the effects of homogenization speeds (3000, 5000, 7000, 9000, 11000, 13000 and 16000
rpm) on emulsion droplet size, these speeds were set for 10 minutes to make sure the impact on the
droplet sizes.

2.3.Droplet size analysis of emulsions

The droplet size of these emulsions were measured using dynamic light scattering (nano ZS, Malvern,
United Kingdom). Measurements were performed after an initial 60 s period of temperature equilibrium
with each record the average of 10 runs each lasting 10 s in duration. Instrument was set 173° scatter
angle. Results are reported as the average of 6 measurements. All samples were measured and analyzed
with Malvern Zetasizer Software v7.11.

2.4. Efficacy of emulsions on cucumber downy mildew
2.4.1 Crop and strain source, culture and observation

The fungal strain Pseudoperonospora cubensis (P. cubensis) PC-001 was provided by Council of
Agriculture, Executive Yuan, Taiwan. Cucumber seeds (Cucumis sativus L., cv. Xiu-Yan) were
purchased from known-you seed co., Itd. and planted into the potting soil in the greenhouse for 3-4
weeks. The second leaf counted from bottom to top was cut and soaked into the bleach water (Clorox®)
which was diluted 8-fold for 10 seconds. Furthermore, the leaf was moved into sterile water 2 times for
cleaning the bleach water and then moved into the glass dish with the back onward. For keeping moist,
the glass dish contained a moist film paper and the petiole was covered with moist sterile cotton. P.
cubensis was inoculated in the leaf at 20°C for 7 days.

2.4.2 Antifungal activity of emulsions on cucumber downy mildew

The dropping method was applied to inoculate P. cubensis. P. cubensis was washed away the leaf by
sterile water and dropped into the leaf back with appropriate concentration. The disease incidence was
calculated after 7 days. Disease incidence (%) = (No. of disease lesions showed up)/(Total number of
inoculation per leaf) x 100

(a) Disease incidence for cucumber detached leaves

The six types of oil (neem oil, moringa oil, soybean oil, cinnamon oil, clove oil, and camellia oil) were
used to prepare different droplet size of emulsions. The emulsions with the various droplet sizes were
dropped on the cucumber detached leaves by dropping method. Each detached leaf has 10 droplets of
emulsions and then dropped the sporangia with the concentration of 20 sporangia/10 pl of
Pseudoperonospora cubensis PC-001 at 20°C with lighting 12 hours a day for 7 days. The control
treatment was sterile water and each detached leaf was a replicate for a triplicate experiment. Then, the
cinnamon-type emulsion was chosen to test the efficacy of different oil concentration. After
manufactured these emulsions, the emulsions were diluted from 0.025%-0.1% and dropped on the
cucumber detached leaves by dropping method.

(b) Disease severity for cucumber plant

For spray inoculation, sporangia (1 mL, 5 x 10* sporangia/ ml) and 0.025% cinnamon-type emulsions
were individually sprayed on the first, second and third leaf counted from bottom to top by a mini-
sprayer. The inoculated plants were bagged for 2 days to keep the moisture in a greenhouse. Downy
mildew severity was calculated 1 day before inoculation. Disease severity was calculated using the
following scale: 0, no lesions; 1, lesion areas 1-5%; 2, lesion areas 6-25%; 3, lesion areas 26-50%; 4,
lesion areas 50-75%; and 5, lesion areas 76-100%. Disease severity was determined by the following
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formula: Disease severity (%) = [X (disease index x number of infected leaves)/(total number of leaves)x
5] x 100 (Ishii et al., 2001, Michereff et al., 2009).

(c) Effect of emulsions on zoospores released from sporangia

The cinnamon-type emulsion was mixed with the sporangia with the same volume of
Pseudoperonospora cubensis PC-001. The sample was away from the light and put into an incubator
under 20°C for 2 hours. After 2 hours, the sample dropped on the slide glass and put into a petri dish
contained a L-type stir rod on the top of moist filter paper. The control treatment was sterile water and
each slide glass was a replicate for triplicate experiment.

3. RESULTS
3.1 Effect of operating parameters on droplet size of emulsions
3.1.1 The operating temperatures

The hydrophilicity of surfactant decreases by the increase of temperature that causes more oils to
dissolve in the water and the O/W emulsion converts to the W/O emulsion when it cools down (Hwung,
1998). It’s mentioned that the oil droplet was decrease during the process (Friberg et al., 2011). However,
the result shows that the droplet size didn’t vary obviously regardless of the temperature (Figure 1). It
may be caused by the low oil to surfactant (1:5) and low oil concentration (0.6%). Therefore, the
emulsion is stable and the oil droplet was easy to distribute.
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Figure 1: The various droplet sizes of emulsions under different temperature.

Experimental conditions: soybean oil: 0.6 g, span 80: 2.05 g, tween 80:0.95 g, DI water:96.4 g,
speed:13000 rpm for 10 min.

3.1.2 The oil to surfactant ratio, water ratio and surfactant ratio

Because the droplet sizes of emulsions are influenced by the composition of oil, DI water and surfactant,
the ratio between them was investigated. The oil to surfactant ratio affected the droplet size of oil in the
emulsion (Lin, 2011) so the effect of oil to surfactant ratio on emulsions was tested. The result shows
that the droplet size of emulsion decreases by the increase in oil to surfactant ratio which caused by the
encapsulation of surfactant (Figure 2). In this study, the oil to surfactant ratio of 1:1 was investigated
the influences of water ratio from 82 to 98%. Previous study shows that the water ratio impacts the oil
dispersity in the emulsion (Lin, 2011). After increasing the water ratio, the space for oil to disperse
increases, causing the result of oil droplet collision decreases. Therefore, the droplet size of oil in the
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emulsion decreased with the increase of the water ratio (Figure 3). Besides, the surfactant ratio was also
researched and explored the critical micelle concentration (CMC). If surfactants keep adding into a
solution contained two immiscible liquids, the droplet size of the emulsion won’t increase when the
concentration of surfactant is higher than the CMC (Ou, 1992). The result shows the droplet size of
emulsions were all around 200 nm when the surfactant concentrations were higher than 3%. However,
the droplet size of emulsion was bigger in 1% surfactant concentration (Figure 4). As the result shown,
the surfactant was not enough to encapsulate the oil when the surfactant concentration was below its
CMC. Nevertheless, the droplet size of emulsions kept 200 nm when the surfactant concentration
reached 3%. It means that 3% surfactant is the CMC of this emulsion.
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Figure 2: The droplet size of emulsion with different ratio of oil to surfactant.

Experimental conditions: temperature: 25°C, oil: 15-0.6 g, span 80: 2.05 g, tween 80: 0.95 g, and DI
water: 82-96.4 g, speed: 13000 rpm for 10 min
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Figure 3: The droplet size of emulsion with different water ratio.

Experimental conditions: temperature: 25°C, oil: 1-9 g, span 80: 0.68-6.15 g, tween 80: 0.32-2.85 g,
and DI water: 82-98 g, ratio of oil to surfactant:1 speed: 13000 rpm for 10 min
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Figure 4: The droplet size of emulsion with different surfactant ratio.

Experimental conditions: temperature: 25°C, oil: 9 g, span 80: 0.68-6.15 g, tween 80: 0.32-2.85 g, and
DI water: 90-82 g, ratio of oil to surfactant:1 speed: 13000 rpm for 10 min

3.1.3 The homogenization speeds

The result shows when the homogenization speed increased, the droplet size of emulsion decreases
(Figure 5). The reason is that the energy provided by the system increased and the capability to disperse
the oil increased. Therefore, the droplet size of emulsion decreased when increasing the homogenization
speeds.
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Figure 5: The droplet size of emulsion with different homogenization speed.

Experimental conditions: temperature: 25°C, oil: 3 g, span 80: 2.05 g, tween 80: 0.95 g, and DI water:
94 ¢, ratio of oil to surfactant:1 speed: 5000-13000 rpm for 10 min

3.2 Antifungal activity of emulsions on cucumber downy mildew
3.2.1 Disease incidence for cucumber detached leaves

After investigating the parameters of the droplet size of emulsions, the different droplet size of emulsions
was manufactured by these parameters and applied to control cucumber downy mildew. Among these
tested oil, neem-type emulsions with various droplet sizes didn’t have various effects (data not shown).
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Camellia oil and soybean oil had the efficacy at 0.1% oil concentration. Clove oil, cinnamon oil and
moringa oil showed high efficacy at 0.1%. The results are shown below.

The camellia-type and soybean-type emulsions with various droplet sizes were applied to control the P.
cubensis PC-001 on cucumber detached leaves and calculated the disease incidence (Figure 6 (a)) and
(Figure 6 (b)). Both types of oil revealed various droplet size of emulsions had various effects. In
camellia-type emulsions, the leaves treated with 1103 nm had the lowest disease incidence (7%) by the
bigger droplet size. The 136 and 513 nm had the highest disease incidences (93% and 97%) compared
to others. Similar to soybean-type emulsions, the various droplet size of emulsions also had various
effects. The leaves treated with 137 nm had the lowest disease incidence (57%) by the smaller droplet
size. However, the 291, 585 and 2452 nm had the highest disease incidences (97%, 100% and 97%)
compared to others. Both types of emulsion indicated that the disease incidences didn’t have a trend
with the increasing droplet size. As to clove-type, cinnamon-type and moringa-type emulsions were
shown in Figure 6 (c)-(e). In these results, the various droplet size of emulsions didn’t have various
effects. The similar disease incidence with different droplet size may be caused by the high concentration.
Therefore, cinnamon-type emulsion was selected to test the efficacy of different oil concentration.

As the clove-type, cinnamon-type and moringa-type emulsions didn’t show the effect on droplet size,
the suitable oil concentration were tested by cinnamon-type emulsions. It indicated that the cinnamon-
type emulsion could have effect above 0.025% oil concentration and the disease incidences were less
than 3% (Figure 7). Therefore, the clove-type, cinnamon-type and moringa-type emulsions were tested
at 0.025% to evaluate the size effect.

The clove-type, cinnamon-type and moringa-type emulsions were adjusted to 0.025% to confirm the
size effect (Figure 8 (a)-(c)). The size effect was revealed at 0.025% oil concentration. For clove-type
emulsion, the disease incidences increased after decreasing the concentration. The smaller droplet size
(152 nm) had the lower disease incidence (70%). However, other droplet sizes didn’t show the efficacy
(90-100%). Compared to clove-type emulsions, cinnamon-type and moringa-type emulsions had lower
disease incidences (7-30% and 3-30%). Besides, both types of emulsion shown the trend that the efficacy
decrease with the increase of droplet size.
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Figure 6: Efficacy of various droplet sizes of 0.1% oil emulsions on control of downy mildew of
cucumber detached leaves. (a) camellia-type (b) soybean-type (c) clove-type (d) cinnamon-type (e)
moringa-type
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Figure 7: Efficacy of various oil concentration of cinnamon-type emulsions on control of downy
mildew of cucumber detached leaves.
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Figure 8: Efficacy of various droplet sizes of 0.1% oil emulsions on control of downy mildew of
cucumber detached leaves. (a) clove-type (b) cinnamon-type (c) moringa-type

3.2.2 Disease severity for cucumber plant

The cinnamon-type emulsions were selected to conduct the greenhouse experiment. As the result shown,
the smaller droplet size (114 nm) had the lower disease severity (33%) and the leave didn’t have obvious

symptom. It indicated the cinnamon-type emulsions could have effect on greenhouse experiment
(Figure 9).
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Figure 9: Efficacy of various droplet sizes of 0.025% cinnamon-type emulsions 24 h before
inoculation for controlling downy mildew in the greenhouse.
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3.2.3 Effect of emulsions on zoospores released from sporangia

The 114 nm cinnamon-type emulsions were selected to evaluated the zoospores released from sporangia.
As the result shown, the cytoplasm of P. cubensis differentiated into zoospores in the control treatment
(Figure 10 (a)). However, the cytoplasm of P. cubensis didn’t differentiate into zoospores under the
treatment with smaller droplet size (114 nm). It showed that the sporangia germination was damaged
while the release of zoospore was inhibited (5.33%). As the result, Pseudoperonospora cubensis PC-
001 can be controlled by emulsions.

(@)

Figure 10: Effect of 114 nm cinnamon-type emulsions on zoospores released from sporangia of P.
cubensis PC-001. (a) Control treatment; (b) treated with 114 nm cinnamon-type emulsion.

4. DISCUSSION

The different oil droplet size emulsion could synthized by the adjustment of emulsion parameters such
as temperature, homogenization speed, oil to surfactant ratio, water ratio and surfactant ratio. In this
research, different temperature didn’t be related to the droplet size (Figure 1). It may be related to the
low oil to surfactant (1:5) and low oil concentration (0.6%), which make the oil droplet much easier to
dispersive. With the increase the oil to surfactant ratio, the droplet size increased (Figure 2). It indicated
that the suitable ratio could lead to the encapsulation of oil droplet. The increase of water ratio leads to
the decrease of droplet size (Figure 3). The droplet could scatter in the water phase without collision.
Furthermore, the critical micelle concentration (CMC) could also find in this research (Figure 4). The
droplet size didn’t have obvious change above 3% surfactants concentration and keep around 200 nm,
which indicated that 3% surfactants concentration could encapsulate oil droplet efficient. Therefore, the
CMC was reached. As the homogenization speed increased, the droplet size decrease (Figure 5). Majeed
et al. (2016) used high pressure homogenizer to prepare the emulsions and indicated that
homogenization pressure increased along with the droplet size decreased. Besides, the increase of
homogenization speed also improved the decrease of droplet size in other study (Otoni et al., 2014).
Both researches confirmed the input energy rise can lead to smaller droplet size. It also can find in this
research.

Six types of oil (neem oil, moringa oil, soybean oil, cinnamon oil, clove oil, and camellia oil) were used
to synthize emulsion and control the cucumber downy mildew. As the result shown, 0.1% of moringa-
type, cinnamon-type and clove-type emulsion had better antifungal efficacy compared to neem-type,
soybean-type, and camellia-type (Figure 6). Neem-type emulsion didn’t have efficacy to control
cucumber downy mildew. Besides, lots researches investigated the insecticidal activity of neem oil
(Camarda et al., 2018, Constanski et al., 2016, Formentini et al., 2016, Kala et al., 2019, Kolani et al.,
2016, Kumar et al., 2019, Ngom et al., 2018). It indicated that neem oil has high efficacy in pest disease
rather than fungal disease. Both soybean oil and camellia oil are the often seen cooking oil. Nevertheless,
both of them do not have high efficacy on controlling cucumber downy mildew. These also revealed
that the potential of cooking oil in plant fungal disease control. Decreasing the concentration from 0.1%
to 0.025%, moringa-type and cinnamon-type emulsion still have significant effect (Figure 8). However,
the disease incidence of clove-type emulsion increase obviously with decreasing oil concentration. It
also revealed the size effect at 0.025% oil concentration. With the droplet size decreased, the disease
incidence of moringa-type and cinnamon-type decreased (Figure 9). Moringa oleifera is called miracle
tree nowadays because the effect on anticancer and skin inflammation and hyperproliferation (Cretella
etal., 2020, Elsayed et al., 2016). In this research, the moringa-type emulsions revealed the high efficacy
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on cucumber downy mildew. It reveals the potential of moringa oil in plant disease control. And the
emulsification with smaller droplet size could improve the antifungal efficacy. Clove oil and cinnamon
oil contain natural antimicrobial component eugenol and cinnamaldehyde, individually and therefore,
be regarded as antimicrobial agents (Chuesiang et al., 2019, de Meneses et al., 2019, Franklyne et al.,
2019, Majeed et al., 2016, Otoni et al., 2014, Park et al., 2018, Pongsumpun et al., 2020). Even both of
them could control cucumber downy mildew at 0.1% oil concentration. However, when the oil
concentration was decreased from 0.1% to 0.025%, the efficacy of clove-type emulsion decreased. As
to cinnamon-type emulsion, it still revealed high efficacy, which indicated cinnamon-type emulsion was
more suitable to be used as plant protectant. The disease severity was also evaluated by the cinnamon-
type emulsion. As the result shows, the smaller droplet size also keeps the better efficacy. And the
disease severity increased with the increase of droplet size.

The mechanism could be attributed to collision of oil droplets and sporangia. Therefore, the smaller
droplet size showed better efficacy to control downy mildew. In addition, the microscopic observations
showed that the sporangia germination was damaged while the release of zoospore was inhibited
(5.33%) (Figure 10), confirming that the antifungal efficacy was related to the release of zoospore.
Some researches also indicated the diluted emulsion could form a slight film to protect the germination
of pathogenic microorganisms after emulsification. It also could reduce the opportunity of second
transmission (Wang et al., 2009, Lin et al., 2004, Huang et al., 2018, Hsieh and Huang, 2009). Therefore,
the result suggest that cinnamon-type emulsion is suitable to be an antifungal agent to control cucumber
downy mildew

5. CONCLUSIONS

The emulsion synthesized parameters such as temperature, homogenization speed, oil to surfactant ratio,
water ratio and surfactant ratio can reach different droplet size. Therefore, the oil emulsion could be a
plant protectant with the specific droplet size. Compared with the oil types, the neem oil emulsion had
the lowest efficacy to control the disease, following with soybean oil emulsion and camellia oil emulsion.
The moringa-type, cinnamon-type and clove-type emulsion had better efficacy with 0.1% oil
concentration. Besides, the cinnamon-type and moringa-type emulsion with various particles have better
efficacy to control cucumber downy mildew. The droplet sizes increased with increasing the disease
incidence at 0.025% oil concentration. From the optical microscope, the sporangia treated with
cinnamon-type emulsion couldn’t differentiate the cytoplasm. As the result above, the emulsions can
use to control cucumber downy mildew and replace the use of traditional pesticides. Achieving the goal
of decreasing the hazard of traditional pesticides contaminated the soil and groundwater.
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