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ABSTRACT

The two-spotted spider mite, Tetranychus urticae Koch, is a highly polyphagous pest
that is considered a serious pest worldwide. Due to problems associated with chemical
pesticides such as resistance to pesticides and environmental contamination, plant oils
have been considered for use against mites’ control. However, their low solubility in water
and phytotoxicity are the major constraints that limit their application. In this research, a
developmental screening process was carried out on some commercial emulsifiers and
stabilizers to obtain a safe acaricide from suitable vegetable oils including castor and
soybean. Among eight emulsifiers, Nonylphenol Ethoxylate 6M (NPE6) had far more
excellent emulsification ability and less phytotoxicity with some level of mite toxicity.
Among vegetable oils, castor oil had greater toxicity in comparison with soybean oil. Also,
Polyethylene Glycol 400 (PEG 400) had more thermal stability in the formulation. In the
last step, the best ratios of NPE6, castor oil, and PEG 400 were evaluated for their
toxicity, stability, and phytotoxicity. Finally, the ratios of 1:8:1 or 2:6:2 (NPE6: Castor oil:
PEG 400) were found as the best end product that could be potent for use in a large scale
rose greenhouse. Also, the efficacy of emulsifier-oil-stabilizer mixtures was investigated
against T. urticae by two different methods. The results indicated that the petri dish test
method caused overestimating in mortality rates compared to the standing leaf test
method. New methods such as polymerization can show a new insight for pest control
without chemical pesticides.
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INTRODUCTION pesticides (Lee et al., 2003; Sedaratian et al.,
2009). Due to resistance, the number of
effective acaricides has decreased, and this in
turn  has encouraged research on new
alternative safe pesticides. It has been
demonstrated that botanical pesticides, such as
plant essential oils, plant extracts, and
vegetable oils are effective for controlling
mites of the family Tetranychidae (Lancaster
et al., 2002; Tsolakis et al., 2008; Ismail et al.,
2011; Attia et al., 2013; Bashiri et al., 2016;
Mohammadi et al., 2016; Seifi et al., 2018).
Vegetable oils in combination with
surfactants and some polymers are considered

The two-spotted spider mite, Tetranychus
urticae Koch (Acarina: Tetranychidae), is
considered a serious pest worldwide,
particularly in cut rose greenhouses. Spider
mites are active mainly on the underside of
rose leaves. They suck out the vegetable sap
and cause the qualitative and quantitative yield
loss of ornamental plants (Khodayari et al.,
2008; Motazedian et al., 2012). Given the high
reproduction and short life cycle, it has a high
ability to develop resistance to many chemical
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as cheap, safe, and applicable alternatives to
chemical pesticides (Butler Jr et al., 1993;
Yang et al., 2009). Farmers used vegetable oils
to control insect pests before the prevalence of
chemical pesticides (Davidson, 1991; Puritch,
1981). Oils can suffocate and kill mites by
blocking the respiratory system, so that
resistance to this mechanism may be
impossible (Chapman, 1967). Also, oils help
pesticides to penetrate the insects and mites’
waxy bodies and eggs. Further studies have
focused on the applications of vegetable oils
and their commercial formulations on T.
urticae (Amer et al., 2001; Park et al., 2008;
Yu and Chen, 2009). However, oil
applications cause phytotoxicity on some
plants such as cut roses that have young
branches and delicate petals (Chiasson et al.,
2004). To overcome this issue, the preparation
of suitable formulation techniques such as
encapsulation and polymerization can be
performed (Bashiri et al., 2016). Vegetable
oils are non-polar compounds that can be
dispersed in water depending on oil and
emulsifier type (Rahate et al., 2007). In this
study, castor oil and soybean oil, as active
ingredients, are the most widely used oils and
ricinoleic and linoleic acids are their major
constituents, respectively (Ogunniyi, 2006;
Ivanov et al., 2010). Stabilizers in emulsions
are mainly polymeric compounds that are
placed on the surface of the oil particles and
prevent coalescence (Dai et al., 2014).

The goal of this study was to prepare a safe
formulation of vegetable oils as an acaricide
by screening some commonly used surfactants
and polymers against T. urticae. In this regard,
polymerization is a suitable method that can
resolve the limitations of vegetable oils to use
in field applications for pest management
purposes.

MATERIALS AND METHODS
Chemicals and Reagents

Eight surfactants including Lauryl
myristyl Alcohol ethoxylate 3 (LA3), and
7M (LA7), Nonylphenol Ethoxylate 6
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(NPE6), and 10M (NPE10), Castor Oil
Ethoxylate 36M (COE36), Tallow Amine
Ethoxylate 15M (TAE1L5), Coconut Fatty
acid Ethoxylate 10M (CFE10), and Coconut
Fatty acid Diethanolamide (CFD) were
obtained as a gift from the Kimiagaran
Emrooz  Ltd, Iran.  Glycerol and
Polyethylene Glycol 400 (PEG 400) and 600
(PEG 600) were purchased from Dr.
Mojallali Chemical Complex, Tehran, Iran.

Vegetable Oils as Active Agents

Castor oil was purchased from Dr.
Mojallali Chemical Complex, Tehran, Iran.
Soybean oil was obtained from Behshahr
Industrial Company, Behshahr, Iran.

Mite Rearing

Tetranychus urticae originated from a
research colony without any pesticide
exposure for about 10 generations. Mites
were reared on Rosa hybrida var. Avalanche
pots were in a growth chamber set at 25°C,
60-65% R.H., and a photoperiod of 16:8
hour (L:D).

Preparing the Formulation

Emulsion formulation was prepared in
three screening steps.

Step 1. All surfactants were mixed with
castor and soybean oil separately as an
emulsifier-oil mixture at a rate of 1:9 for 10
minutes (10,000 rpm) using the silent
crusher  homogenizer M  (Heidolph,
Germany).

Step 2: Glycerol, PEG 400, and 600 were
added as a stabilizer to candidate emulsifier-
oil mixture at different ratios, and based on
physical stability tests (Table 1), the best
one (PEG 400) was selected.

Step 3: Finally, formulation indices were
investigated on different rates of emulsifier:
oil: stabilizer including: 1:1:8, 2:2:6, 3:3:4,
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Table 1. Effects of stabilizers in thermal stability of formulations.?

Mixtures Ratio 4°C 25°C 40°C
NPEG6: Castor oil: PEG 600 3:3:4 F S S
4:4:2 F S S
NPEG6: Castor oil: PEG 400 3:3:4 S S
4:4:2 S S S
NPES6: Castor oil: Glycerol 3:3:4 PhS PhS PhS
4:4:2 PhS PhS PhS

 Physical condition of compounds: F= Freezing (mixture freeze and melt back again based on
temperature), S= Stable (mixture was a clear solution), PhS= Phase Separation (The mixture was divided
into two different phases); Mixtures: NPE6= Nonylphenol Ethoxylate 6M, PEG 400 and 600:

Polyethylene Glycols 400 and 600.

4:4:2, 1:8:1, 2:6:2, 3:4:3, 4:2:4, 8:1:1, 6:2:2,
4:3:3 and 2:4:4.

Thermal Stability of Formulations

All formulations were poured into 15 mL
test tubes and kept in an oven at different
temperatures of 4, 25, and 40°C for a month.
Then, freezing and phase separation were
investigated (Esmaeelian, 2016).

Emulsification Activity and Emulsion
Stability

The absorbance of different mixtures of
the emulsion was determined using a UV-
Vis Spectrophotometer at 400-600 nm, and
the appropriate wavelength was selected
(Microplate  spectrophotometer,  Epoch
BioTek, USA). The emulsions were
prepared at 1 g L™ by distilled water and
distilled water was used as the blank (Souza
et al., 2006; Nejadmansouri et al., 2016; Li
et al., 2020). Since pesticide emulsions were
used over the 1 (min) to 24 hours (max), the
absorbance of emulsions was measured in 1
and 24 hours after preparation.

For the measurement of emulsion
capacity, the method described by Sciarini et
al. (2009) was used. For this purpose, 5%
wi/w of emulsifier-oil mixtures were diluted
by distilled water and kept at 25°C.
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Emulsion Capacity (EC) was calculated after
1 and 7 days as follows:

ei}

EC(%) =—

ty

Where, e, is the emulsion volume and t, is
the total volume.

Toxicity Tests

Petri dish test:

Acaricidal activity of some treatments was
investigated including: (1) Emulsifiers alone (1 g
L™, (2) Emulsifier-oil formulations (1 g L™), (3)
Stabilizers alone (5 g L™), and (4) Stable
mixtures of final emulsifier-oil-stabilizer
formulations (1 and 5 g L™) were investigated
against adult females of T. urticae.

The acaricidal activity was conducted by the
leaf dipping method. Test units were 6 cm
diameter plastic Petri dishes without lids for
proper ventilation. The leaf discs (2 cm in
diameter) were dipped in each solution for 5
seconds and allowed to dry for 15 minutes. Then,
the upper surface of rose leaf discs was placed
downwards on water-saturated cotton in a petri
dish. Fifteen mated adult females (> 3 days old)
of T. urticae were placed on each leaf disc using
a fine soft pointed brush. Four replicates were
taken for each treatment. Distilled water was
used as a control treatment and no mortality was
observed within the experiment. The mortality
was assessed 24 hours after treatment. Mites
were considered dead when they could not move
by fine brush stimulation.
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Standing leaf test:

Twenty adult females were placed on each
rose leaflet. Leaflets were dipped into the
emulsions of the selected emulsifier-oil (5 g
L") and final emulsifier-oil-stabilizer
formulations (5 and 8 g L™). Afterward, the
petiole of leaflets was covered with cotton
and placed in a tiny vial filled with distilled
water. Mortality was calculated after 24
hours. All the experiments were conducted
in the laboratory at 25°C, 60-65% RH., and
a photoperiod of 16:8 hour (L:D).

Viscosity Measurements

Kinematic viscosity for emulsions of all
final emulsifier-oil-stabilizer mixtures were
measured by SVM 300 viscometer (Anton
Paar, Austria) at 20°C. Also, for comparison
purposes, soybean oil was replaced with castor
oil in the final emulsifier-oil-stabilizer
formulations and their viscosity was measured.

Phytotoxicity Test

The highest concentrations of selected
formulations (5 g L™ for emulsifier-oil and 8 g
L* for emulsifier-oil-stabilizer formulations)
were exposed to roses (var. Avalanche) in a
commercial glass greenhouse (located in
Hashtgerd, Iran) that was equipped with a
climate control system (20-24°C, 65-70%
RH). Phytotoxicity symptoms such as
deformation, spots, etc. were investigated on
young and mature leaves within a week and
categorized as Slight (S), Low-level (L),
Moderate (M), High (H), and No (N)
phytotoxicity.

Data Analysis

Normal distribution of data was confirmed
using the Kolmogorov—-Smirnov test (K-S
test) before subjecting to the one-way
ANOVA (Tukey’s test, P< 0.05) and
independent t-student test (SPSS, 2011).
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RESULTS
Physical Stability of the Formulation

All the emulsifier-oil formulations from
step 1 were stable after one month at 4, 25,
and 40°C. In step 2, emulsifier-oil-stabilizer
formulations that had PEG 400 as stabilizer
were stable in all temperatures, but PEG 600
containing formulations were stable in 25
and 40°C, while being frozen at 4°C.
Glycerol-containing  formulations  were
divided into separate phases immediately.
However, the 4:4:2 formulation was stable
just up to 48 h (Table 1). In step 3, all final
emulsifier-oil-stabilizer formulations were
stable in different temperatures, except 1:1:8
and 2:2:6 formulations that divided into
separate phases (Table 2).

Emulsification Activity and Emulsion
Stability

Results showed that NPE6 and COE36
caused significantly high absorbance in castor
oil emulsions (0.325 and 0.333, respectively).
However, after 24 hours, the absorbance of
COE36 significantly decreased to 0.255,
though it was still in the highest range. Also,
in CFD containing emulsion absorbance was
in the lowest value and significantly fell after
24 hours (Table 3). In soybean oil emulsions,
NPE6 caused significantly higher absorbance
than other emulsifiers in 1 and 24 hours after
preparation of emulsions (0.462 and 0.407,
respectively). The absorbance of each
emulsion did not decrease significantly over
24 hours (Table 4).

The emulsion capacity of NPEG6 in castor oil
emulsifier-oil emulsions was significantly
greater than other emulsions after 1 and 7 days
(75.67 and 75.33%, respectively). In soybean
oil emulsifier-oil emulsions, LA7 (69.66%)
and NPE10 (66.67%) caused significantly
better emulsion capacity after 1 and 7 days,
respectively. Additionally, after 7 days,
breaking emulsion and oiling off occurred in
both oils emulsions, except for COE36, NPES,
and NPE10 (Table 5).
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Table 2. Thermal stability of emulsifier-oil-stabilizer formulations at different ratios.?

Mixture Ratio 4°C 25°C 40°C

NPE6: Castor oil: PEG 400 1:1:8 PhS PhS PhS
2:2:6 PhS PhS PhS
3:3:4 S S S
4:4:2 S S S
1:8:1 S S S
2:6:2 S S S
3:4:3 S S S
4:2:4 S S S
8:1:1 S S S
6:2:2 S S S
4:3:3 S S S
2:4:4 S S S

 Physical condition of compounds: F= Freezing (mixture freeze and melt back again based on
temperature), S= Stable (mixture was a clear solution), PhS= Phase Separation (The mixture was divided
into two different phases); Mixtures: NPE6= Nonylphenol Ethoxylate 6M, PEG 400 and 600:

Polyethylene Glycols 400 and 600.

Table 3. Emulsion absorbance values in combination of emulsifier and castor oil at a rate of 1:9.2

Absorbance at 600 nm (+SE) at 1 g L™

. gn b
Emulsifiers After 1h After 24 h t daf  P-value
COE36 0.333 (0.003)° 0.255 (0.032)° 237 4 0.024"
TAE15 0.097 (0.006)° 0.066 (0.004)°* 402 4 0.453™
CFE10 0.116 (0.004)™ 0.106 (0.004)™ 168 4 1.000™
NPE6 0.325 (0.006)° 0.284 (0.006)° 501 4 0.909™
NPE10 0.134 (0.003)" 0.135 (0.004)" 027 4 0.379™
CFD 0.065 (0.005)¢ 0.049 (0.004)* 755 4 0.002™
LA3 0.119 (0.003)" 0.099 (0.006)™ 280 4 0.335™
LA7 0.096 (0.004)° 0.092 (0.005)"* 063 4 0.809"™
Control 0.035 (0.001)° 0.037 (0.002)° 093 4 0.101"™
F 700.5 57.75
df (t, ) 8,18 8,18
P <0.001 <0.001

® Means followed by the same letters in each column are not significantly different (Tukey’s
test, P< 0.05). ns: Indicates non-significant differences. * and **: Indicate significant differences
at 0.05 and 0.01, respectively. ® Emulsifiers: COE36= Castor Oil Ethoxylate 36M, TAE15=
Tallow Amine Ethoxylate 15M, CFE10= Coconut Fatty acid Ethoxylate 10M, NPE6 and 10=
Nonylphenol Ethoxylate 6 and 10M, CFD= Coconut Fatty acid Diethanolamide, LA3 and 7=

Lauryl myristyl Alcohol ethoxylate 3 and 7M.

Toxicity Tests

In the first test, the acaricidal activity of 8
emulsifiers was investigated at 1 g L™ and
NPEG6. The mortality percentage (33.96%)
was not significantly different from LA3
(22.79%) and LA7 (18.56%). However, it
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was significantly greater than the other
treatments (F= 9.194; df= 8, 22; P=< 0.001)
(Figure 1).

In the second test (emulsifier-oil
formulations), the acaricidal activity of
castor oil and soybean oil significantly
varied by different emulsifiers. For castor oil
emulsions, the COE36, CFE10, NPE6, and
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Table 4. Emulsion absorbance values in combination of emulsifier and soybean oil at a rate of 1:9.%

.., Absorbance at 600 nm (+SE)at1g L™ P-value
Emulsifiers After 1h After 24 h t df
COE36 0.336 (0.002)°  0.214 (0.003)° 3959 4  0.404™
TAE15 0.194 (0.003)°  0.112 (0.003)" 1838 4  0.729™
CFE10 0.149 (0.003)° 0.140 (0.013)° 074 4 0.078™
NPE6 0.462 (0.005)* 0.407 (0.005)* 791 4 0.889™
NPE10 0.239 (0.003)° 0.251 (0.003)b 271 4 1.000™
CFD 0.123 (0.003)f 0.103 (0.003)f 462 4 0.904™
LA3 0.328 (0.003)b 0.180 (0.004)d 28.07 4 0.726™
LA7 0.228 (0.005)° 0.110 (0.005)f 17.36 4 0.762"™
Control 0.038 (0.002)° 0.037 (0.003)° 0.18 4 0.259™
F 13275 402.8
df (t, e) 8,18 8,18
P <0.001 <0.001

& Means followed by the same letters in each column are not significantly different (Tukey’s
test, P< 0.05). ns: Indicates non-significant differences. ® Emulsifiers: COE36= Castor Oil
Ethoxylate 36M, TAE15= Tallow Amine Ethoxylate 15M, CFE10= Coconut Fatty acid
Ethoxylate 10M, NPE6 and 10= Nonylphenol Ethoxylate 6 and 10M, CFD= Coconut Fatty acid
Diethanolamide, LA3 and 7= Lauryl myristyl Alcohol ethoxylate 3 and 7M.

Table 5. Emulsion capacity of combination of emulsifier and oil (at 1:9 rates) 1 and 7 days after

formulation at 50 g L2

Emulsion capacity (+SE) (%)

g b
(10E0 /g;ulsmers Castor oil (90%) Soybean oil (90%)
1 Day 7 Days 1 Day 7 Days

COE36 67.5 (+0.03)"  69.0 (+0.58)° 65.0 (+0.58)° 64.7 (x0.33)°
TAE15 Phs Phs Phs Phs
CFE10 75.0 (+0.00)* Phs 62.0 (+0.00)* Phs
NPEG6 75.7 (20.33)* 75.3 (x0.3)* 62.7 (+0.33)¢ 62.0 (+0.00)°
NPE10 72.3 (20.33)° 72.0 (x0.0)° 67.0 (x0.0)" 66.7 (£0.33)*
Kemamide Phs Phs Phs Phs
LA3 Phs Phs 67.3 (+0.33)° Phs
LA7 73.7 (0.33)° Phs 69.7 (£0.33)* Phs
F 156.07 67.75 78.17 74.00
df (t, e) 4,10 2,6 5,12 2,6
P < 0.001 < 0.001 < 0.001 < 0.001

& Means followed by the same letters in each column are not significantly different (Tukey’s test,
P< 0.05). Phs: Phase separation. ® Emulsifiers: COE36= Castor Oil Ethoxylate 36M, TAE15= Tallow
Amine Ethoxylate 15M, CFE10= Coconut Fatty acid Ethoxylate 10M, NPE6 and 10= Nonylphenol
Ethoxylate 6 and 10M, CFD= Coconut Fatty acid Diethanolamide, LA3 and 7= Lauryl myristyl

Alcohol ethoxylate 3 and 7M.

LAS3 caused a higher mortality percentage
than the others. For soybean oil emulsions,
LAS3 caused maximum mortality percentage
in adult females, but there was no difference
between the others, except for CFD and
TAE15. Also, soybean oil emulsions
produced less mortality percentage than
castor oil; however, this reduction was only
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significant in mortality in COE36, CFE10,
and NPE6 (Table 6). In the standing leaf
method test, emulsifier-oil emulsions of
COE36 caused significantly  greater
mortality than NPE6 and the mortality
percentage of castor oil emulsions was
significantly higher than that of soybean oil
(F=30.49; df= 3, 12 ; P< 0.001) (Figure 2).
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Figure 1. Mortality (£SE) of T. urticae adult female exposed to different surfactants in the petri dish
method. Means followed by the same letter are not significantly different (Tukey’s test, P< 0.05). Symbols
are defined under Table 5.

Table 6. Mortality of T. urticae adult females treated with combination of emulsifier and oil at a rate of
1:9 in the petri dish method.?

Emulsifier® Mortality (+SE) (%) . of
(10%) Castor oil (90%) Soybean oil (90%) P-value
COE36 100 (+0)? 82.16 (+1.96)® 10.87 5 0.039
TAE15 61.86 (+2.08)° 28.11 (+1.68)° 1190 5 0.364™
CFE10 100 (+0)? 83.41 (+3.04)® 653 5 0.005"
NPE6 96.33 (£2.26)° 76.39 (£1.44)® 625 6 0.022
NPE10 75.59 (+2.73)° 78.24 (£1.7)® -0.82 4 0.496™
CFD 75.93 (+2.59)° 73.55 (+3.28)° 057 5 0.984™
LA3 97.50 (¥2.5) 88.60 (+2.23)° 250 5 0.567™
LA7 73.05 (+2.04)° 76.90 (+4.64)™ 076 4 0.218™
Control 0d 0d
F 277.96 141.29
df (t, ) 8,26 8,18

P < 0.001 < 0.001

 Means followed by the same letters in each column are not significantly different (Tukey’s test, P<
0.05). ns: Indicates non-significant differences, * and **: Indicate significant differences at 0.05 and 0.01,
respectively.® Symbols as defined under Table 3.
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u
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Mortality (%)
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N
o
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o
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Soybean oil
B Castor oil

Emulsifiers

CAE36

Figure 2. Mortality (+SE) of T. urticae adult female exposed to emulsifiers in combination with
vegetable oils at a rate of 1:9 in the standing leaf method at 5 g L™. Means followed by the same letters are
not significantly different (Tukey’s test, P< 0.05). COE36: Castor Oil Ethoxylate 36M, NPEG6:
Nonylphenol Ethoxylate 6M.
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Stabilizers alone at 5 g L™ caused a low level
of mortality and the mortality percentage of
PEG 600 was significantly higher than
glycerol (F= 7.524; df= 3, 15; P= 0.003).
However, there was no difference between
PEG 600 and 400 (Figure 3).

In Table 7, the acaricidal toxicity between
different combinations of final emulsifier-
oil-stabilizer formulations was investigated
on T. urticae by petri dish and standing leaf
methods. Mortality percentage in petri dish
tests was significantly less than standing leaf

Mortality (%)

tests, except for 6:2:2 formulation.
Moreover, in most cases, 1:8:1 and 2:6:2
mixtures, which had the highest amounts of
oil, caused significantly greater mortality
than other emulsifier-oil-stabilizer
formulations (Table 7).

Viscosity Measurements

According to the viscosity results,
increasing NPE6 had a direct relationship

bc

C

PEG 600

PEG 400

Glycerol control

Stabilizer type (5 g/1)

same letters are not significantly different (Tukey’s test, P< 0.05). PEG 400 and 600: Polyethylene Glycol 400 and 600.

Table 7. Percent mortalities of T. urticae adult females treated by emulsifier-oil-stabilizer mixture at different ratios.?

Formulation

R Mortality (£SE) (%) F df (t,e) P

(NPE6: Oil: “petri dish leaf test Standing leaf test
PEG400) 1gL?t 5gL” 5gL” 8gL”
3:3:4 51.21 (2.24)°  92.46 (+4.14)° 31.03 (x1.09)®  53.87 (+2.46)° 4421 3,12 <0.001
4:4:2 21.98 (+1.86)  81.29 (x0.81)™"  26.05 (¥1.51)™  44.78 (+1.90)*  262.14 3,12 <0.001
1:8:1 82.77 (#3.57)°  88.88 (+1.44)™  40.03 (+1.06)°  76.38 (+3.05)° 56.72 3,12 <0.001
2:6:2 73.24 (£2.66)  73.80 (+5.12)™®*  34.16 (+2.91)®  56.55 (+2.96)" 29.83 3,11 <0.001
3:4:3 31.42(+3.85)"  90.44 (+3.54)®  12.88(+1.93)"  30.48 (+3.03)" 52.38 3,12 <0.001
4:2:4 28.67 (£3.76)™  68.83 (+2.43)°*"  27.87 (+3.53)®  52.25 (+2.96)" 33.97 3,12 <0.001
8:1:1 9.22 (+3.46)° 43.30 (+1.68)™ 12.01 (+1.64)*  29.10 (+2.08)" 13.89 3,11 <0.001
6:2:2 16.89 (£3.04)°®  29.05 (+5.57)° 15.20 (+1.64)  24.48 (+2.57)° 353 3,12 0.048
4:3:3 33.24 (+1.96)*  61.63 (+1.80)*"  9.66 (+2.29)" 35.05 (+2.06)™ 8451 3,12 <0.001
2:4:4 13.15 (£2.6)*  49.70 (¢3.87)"  27.62 (¥3.63)®  45.05(+3.18) 2464 3,11  <0.001
Control o 0" 0° 0°
F 53.62 49.13 41.761 82.48

df (t, ) 10, 32 10, 28 10, 33 10, 32

P <0.001 <0.001 <0.001 <0.001

 Means followed by the same letters in each column in each row are not significantly different (Tukey’s test, P <

0.05). NPE6: Nonylphenol Ethoxylate 6 M, PEG 400: Polyethylene Glycol 400.
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with increasing viscosity. The viscosity of castor
oil formulations was greater than soybean oils,
and viscosity in 8 g L™ concentrations was
greater than 5 g L™ (Table 8).

Phytotoxicity tests

Results showed that formulations in step 1

JAST

caused phytotoxicity, but NPE6 containing
formulation had less phytotoxicity. In step 3,
only 1:8:1 caused slightly phytotoxicity in
young leaves (Table 9 and Figure 4). High
amounts of oil in formulations caused
phytotoxicity, but when the stabilizer was
added to the formulations, oil was dispersed
all over the leaf surface and could not be
concentrated to a single spot. Furthermore,

Table 8. Kinematic viscosity of formulations for castor and soybean oil at different concentrations.

Mixture  (NPE6:  Oil: Viscosity (mm°s™)

PEG400)* Castor oil Soybean oil

5(gLh) 8(gLh) 5(gLh) 8(gLh)
3:3:4 1.0266 1.1436 0.9905 1.0431
4:4:2 1.0379 1.1308 0.9451 1.0487
1:8:1 1.0121 1.1045 0.9832 1.0105
2:6:2 1.0201 1.0912 0.9961 1.0174
3:4:3 1.0316 1.0969 0.9931 1.0187
4:2:4 1.0553 1.1657 1.0123 1.0845
8:1:1 1.1422 1.2335 1.0755 1.1727
6:2:2 1.1148 1.1550 1.0611 1.1638
4:3:3 1.0402 1.1561 1.0346 1.0476
2:4:4 1.0338 1.1343 1.0832 1.0361

% NPE6: Nonylphenol Ethoxylate 6 M, PEG 400 and 600: Polyethylene Glycol 400 and 600.

NPE6:0il:PEG 400 NPE6:0il:PEG 400
2:6:2 1:8:1
Dose: 8 g/I Dose: 8 g/I

(N) (S)

NPE6:0il:PEG 400 NPE6:0il
1:8:1 1:9
Dose: 8.g/l Dose: 5 g/l

NPEG:0il :0i COE36:0il

1:9

Dose: 5 g/I Dose: 5 g/l Dose:5 g/I

(0]

LA3:0il COE36:0il
1.9 1:9
Dose: 5 g/l Dose:5 g/l

Figure 4. Phytotoxicity of toxic formulations and a non-toxic formulation on young (top row) and mature
(bottom row) cut rose leaves after one week. N: No damage; S: Slight, the plant generally can recover over a
few weeks; L: Low-level of damage, especially caused deformation in young shootings and slightly affected
branch height and bud size; M: Moderate damage, greatly reduced branch height and bud size. COE36, NPES,

LA3, and PEG 400 as defined under Table 3.
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Table 9. Phytotoxicity of formulations based on leaf age.®

Concentration (g L) Mixtures Ratio Young leaf Mature leaf

5 LA3: QOil 1:9 M L
NPES6: QOil 1:9 L S

COE3e6: Oil 1:9 M L

8 NPES6: Oil: PEG 600 3:34 N N
4:4:2 N N

NPES6: Oil: PEG 400 3:34 N N

4:4:2 N N

NPEBG: Oil: Glycerol 3:3:4 N N

4:4:2 N N

8 NPES6: Oil: PEG 400 3:34 N N
4:4:2 N N

1:8:1 S N

2:6:2 N N

3:4:3 N N

4:2:4 N N

8:1:1 N N

6:2:2 N N

4:3:3 N N

2:4:4 N N

#N: No damage; S: Slight, the plant generally can recover over a few weeks; L: Low-level of damage,
especially caused deformation in young shootings that slightly affected branch height and bud size; M:
Moderate damage, greatly reduced branch height, and bud size. Symbols as defined under Table 3.

young leaves were more susceptible to
phytotoxicity than mature leaves.

DISCUSSION

According to the results, emulsifiers and
stabilizers alone had a low level of mortality
on T. urticae, but, when the oils were added,
the mortality increased. Therefore, it can be
concluded that oil may be the main factor in
T. urticae mortality. In step 1, a suitable
emulsifier should be selected for the
preparation of an appropriate emulsion
formulation for controlling T. urticae. Due
to the bipolar nature of the emulsifiers
(Chaurasiya and Hebbar, 2017), all the oil
mixtures were stable at different
temperatures. Pesticides for agricultural
applications should be diluted in water so
that the physical and biological properties of
the mixtures should be investigated as oil in
water emulsions. In spectrophotometry tests,
the absorbance has a direct relationship with
the number and size of emulsions droplets

1290

(Nejadmansouri et al., 2016). High
absorbance amounts in NPE6 and COE36
emulsifier-oil emulsions may be due to the
high number or greater size of oil particles
dispersed in the water, and vice versa in less
absorbance in some other emulsifier-oil
emulsions. Emulsion capacity test somewhat
clarified that oiling off had occurred in
emulsifier-oil ~ emulsions  with less
absorbance. Therefore, in these emulsions,
oil had not dispersed well and the number of
oil particles was low. According to Iran
National Standard No. 14588 (INSO, 2011)
oiling off and high creaming are not good
properties for our purpose. Uniform
distribution of oil in water and absence of
oiling off caused more oil exposure with the
individual target, increasing the toxicity of
emulsion. In agricultural spray systems, the
emulsion is drained from the bottom of the
spray tank. Therefore, over time, the
concentration of the creamy layer increases
and causes phytotoxicity. A less creamy
layer causes the emulsion to be used at a
higher concentration for effective mortality.
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According to our findings, toxicity tests
show high mortality of COE36 emulsifier-
oil emulsions against T. urticae female
adults. However, COE36 emulsifier-oil
emulsion  caused  phytotoxicity  with
economic damages and led to rose's short
branches and small buds. Vegetable oils
caused deformation of leaves due to changes
in  membrane permeability, stomatal
structure, and leakage of cellular contents
into intercellular spaces (Currier, 1951;
Santos et al., 2017). Probably, COE36 and
LAS3 caused the oil to pass through the leaf
cuticle into the parenchyma tissue more
comfortably (Manthey et al., 1992).
According to viscosity results, increase in
NPE6 increased viscosity as well and,
probably, high viscosity reduced
phytotoxicity. Among the oils, the toxicity
of castor oil was significantly higher than
soybean oil; therefore, castor oil was chosen
for the next steps of formulations. Also, the
viscosity of castor oil formulations was
greater than that of the soybean, and as a
result, viscosity reduced movements of oil
particles and prevented coalescence and
caused emulsion stability (McClements,
2015). High viscosity reduced phytotoxicity
because it takes much more time to penetrate
leave parenchyma (Knight et al., 1929).
Thus, the castor oil was selected as the better
oil, and NPE6, due to reducing oil
phytotoxicity and high emulsion capacity,
wave absorbance, and mortality, was
selected for final formulations.

In the second step for stabilizer selection,
there were three candidates for liquid water-
soluble stabilizer. Mixtures of NPEG6, castor
oil, and candidate stabilizers were prepared
at two 3:3:4 and 4:4:2 rates that were,
respectively, more and less than emulsifier
and oil rates. None of these mixtures had
phytotoxicity at the mentioned
concentrations. Glycerol mixtures were
divided into two phases in all temperatures
because of their high density. Therefore, it
was removed from the selection for the next
step. The glycerol, which has higher density
than castor oil (1.098 and 0.95 g/mL,
respectively), settles at the bottom of the test

JAST
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tubes (Koc, 2009; Petrovi¢ and Fajnik,
1984). Sar1 and Buildings (2014) measured
the melting point and frozen temperatures of
PEG 600, which were 10.00+0.03 and
6.42+0.04°C, respectively. It is to be noted
that, in our study, emulsifier-oil-stabilizer
mixture of PEG 600 froze at 4 °C as well.
Rose greenhouses are active throughout the
year as well as mites. In cold seasons, if this
formulation stays out of a warm place, it will
not be usable for the consumer until the
mixture is warm again. Consequently, PEG
400 was selected as a suitable stabilizer
because of its stability in all rates and
temperatures.

In the third step, 12 rates of NPE6-castor
0il-PEG 400 were investigated for reaching
a suitable rate. Rates of 1:1:8 and 2:2:6 that
respectively contained 80% and 60% wi/w of
PEG 400 were divided into the two phases
and removed from the treatment list. This
phase separation might have been due to the
poor solubility of PEG in oils and its higher
density than oil and, as a result, more rates
of emulsifier are needed to make a stable
mixture. PEG has the hydrophobic ethylene
units and the hydrophilic oxygen, which can
form hydrogen bonds and provide van der
Waals interactions (Ozdemir and Giiner,
2007). Therefore, its good solubility in water
is due to H-bonds and poor solubility in oils
is due to van der Waals forces and
emulsifiers enhanced PEG 400 and oil
compatibility through its bipolar nature (Cui
et al., 2009).

The other ten mixtures were stable in all
temperatures and were investigated together.
Toxicity tests showed that 1:8:1 and 2:6:2
that had maximum amounts of oil as an
active ingredient caused greater toxicity in
each petri dish method and standing leaf
method. Cui et al. (2009) showed that PEG
400 helps to reduce oil particle size in the
emulsion. Therefore, in our study, polymeric
stabilizers greatly reduced phytotoxicity.
Also, 1:8:1 only caused slight deformation
on newborn leaves and plants could recover
themselves in a few weeks without yield
loss.
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Results show that mortality in the petri
dish method was significantly more than the
standing leaf method. This may be due to the
fact that in the petri dish method, underside
of leaf discs are wet and there is high
relative humidity around the leaf disc.
However, in the standing leaf method, there
is no such condition, and leaves dried very
faster. Musser and Shelton (2005) reported
that  environmental conditions  affect
pesticide  efficiency. Elshazly (2015)
demonstrated that the toxicity of several
chemical acaricides increased at high
temperature and low relative humidity. It is
probably due to the increasing biochemical
activities in metabolites cells. However, it
seems that in oil emulsions, low temperature
and high relative humidity decrease water
evaporation on leaves, thereby increasing
mites' mortality. This condition caused
micelles coagulants to happen fast and oil
droplets did not have much time for
adsorption on mites’ lipophilic cuticle.
Liburd et al. (2007) demonstrated that
acaricidal activities of a commercial
acaricide based on castor and sesame seed
oil in the laboratory were greater than
greenhouse conditions while the bifenazate,
which is a neurotoxic chemical, did not
show a significant difference between its
acaricidal activity in laboratory and
greenhouse  condition.  Therefore, we
recommend using oil-based pesticides in the
night or early morning with the off
ventilation systems.

Although nonylphenols are non-ionic
surfactants widely used in numerous
industries, they have some harmful effects
on organisms (Hu et al., 2014; Lewis, 1991;
Naylor, 1995). Miles-Richardson et al.
(1999) reported that the number and size of
Sertoli cells in fathead minnows Pimephales
promelas Rafinesque changed when exposed
to 3.4 pg/L of nonylphenol ethoxylate. Our
studied  compounds are safe in
concentrations used. However, to reduce the
environmental hazards, the use of a 1:8:1
mixture that has less surfactant rate is
recommended.
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CONCLUSIONS

Our results show that oils are the main
active ingredients and castor oil toxicity on
T. urticae was more than soybean oil. Also,
NPE6 improved emulsifying and toxicity
properties of emulsifier-oil emulsions better
than other emulsifiers, and caused the lowest
rate of phytotoxicity. Similarly, PEG 400
caused better stability than other stabilizers
in  emulsifier-oil-stabilizer ~ formulations.
Finally, between the various ratios of
emulsifier-oil-stabilizer formulations, the
2:6:2 ratio was a potent formulation in terms
of toxicity against T. urticae and lack of
phytotoxicity on the rose. It is noteworthy
that overestimation may occur in laboratory
toxicity tests of oil-based pesticides due to
poor ventilation and brief droplet dripping
from leaves. Vegetable oils have a good
potential to be a suitable alternative for
chemical acaricides if they are well studied
and tested in the pilot area before application
on a large scale. Also, new formulation
methods such as polymerization of
emulsions can reduce the phytotoxicity
problems of oils.
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