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Table 1. Specifications of the compounds used in the experiments

Common Name Trade Name Formulation Manufacturing Company
Matrine Roiagro® SL 0.6 % Atlas Parniyan Plant (China)
Hangzhou Ruigiang
Pepper extract Tondexir® EC 80% Kimia Sabzavar (Iran)
Cinnamon and garlic(EOs)  Psyla® Chitosan Biozare (Iran)
nanocapsules
15%
Coconut oil soap Palizin® SL 65% Kimia Sabzavar (Iran)
Neem oil NeemAzal T/S® EC1% Biobani Paya
Azadirakhtin A Trifolio Germany
Castor Oil Dayabon® SL 10% DayaNano Technologies
(Iran)
Espiromesifen Oberon® SC 24% Bayer Germany
Leaf extract of Sophora L.S.P EC 10% Formulated in this Research
pachycarpa
Root extract of Sophora R.S.P EC 10% Formulated in this Research

pachycarpa
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Table 2. Probit analysis of botanical pesticides and spiromesifen on third instar nymphs of
Pseudococcus viburni

Treatment LCso (mg formulated/l) SlopexSE X3(df)
(95% CI)”

Matrine (Roiagro®) 2188(1711-3333) 1.429+0.410 1.392 (3)
Pepper extract (Tondexir®) 1555(1219-2511) 1.469+ 0.276 0.954(3)
Cinnamon and garlic (EOs) (Psyla®) 2809(2265-3897) 1.621+0.206 0.974 (3)
Neem oil (Neem Azal®) 5559 (5019-6382) 3.399+0.47 0.467 (3)
Coconut oil soap (Palizin®) 4703(4107-5711) 2.59+0.368 1.671 (3)
Castor oil (Dayabon®) 5842(5343-6701) 2.296+0.458 0.046 (3)
Leaf extract of Sophora pachycarpa (L.S.P) 3457(3148-3872) 2.624+0.284 0.232 (3)
Root extract of Sophora pachycarpa (R.S.P) 5195(4629-6017) 2.81+0.317 0.277(3)
Espiromesifen (Oberon®) 1856 (1549-2381) 1.913+0.279 0.331 (3)

L.S.P= formulated the leaf extract of Sophora pachycarpa and R.S.P= formulated the root extract of Sophora

pachycarpa, “Confidence Interval

Pseudococcus (sla 5 3Ts,T et ol Ol i (655 Cpnns s el 5 sa\:?t;uu;ﬁ,b-g;ﬁ,ﬁ 4 o Vg

viburni

Table 3. Probit analysis of botanical pesticides and spiromesifen on Pseudococcus viburni adults

Treatment LCso (mg formulated/I) SlopexSE X3(df)
(95% CI)*

Matrine (Roiagro®) 2157(1702-3367) 1.489+0.274 0.958(3)
Pepper extract (Tondexir®) 1538(1220-2372) 1.546+0.277 0.366(3)
Cinnamon and garlic (EOs) (Psyla®) 2825 (3851-2297) 1.706+0.210 0.686(3)
Neem oil (Neem Azal®) 5608(5028-6538) 3.174+0.466 0.565(3)
Coconut oil soap (Palizin®) 4746(4129-5820) 2.525+0.366 0.312(3)
Castor oil (Dayabon®) 6585(5921-7604) 2.204+0.373 0.373(3)
Leaf extract of Sophora pachycarpa (L.S.P) 4493(6419-3644) 1.621+0.344 0.454(3)
Root extract of Sophora pachycarpa (R.S.P) 5357(6289-4747) 2.708+0.317 0.232(3)
Espiromesifen (Oberon®) 2676(2037-4954) 1.481+0.278 0.559(3)

L.S.P= formulated the Leaf extract of Sophora pachycarpa and R.S.P= formulated the Root extract of Sophora

pachycarpa, “Confidence Interval
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Table 4. Comparison of relative potencies (pair-by-pair comparison) of botanical insecticides on the

third instar nymphs and adults of Pseudococcus viburni

Ratio of LCs

Relative potencies (Confidence interval 95%)

Third instar nymph

Adults

Matrine/Tondexir
Matrine/Oberon

Psyla/Matrine

Psyla/Tondexir
Psyla/Oberon
Neemazal/ Matrine
Neemazal/Tondexir
Neemazal/Psyla
Neemazal/Palizin
Neemazal/L.S.P
Neemazal/R.S.P
Neemazal/Oberon
Palizin/Matrine
Palizin/Tondexir
Palizin/Psyla
Palizin/L.S.P
Palizin/Oberon
Dayabon/Matrine
Dayabon/Tondexir
Dayabon/Psyla
Dayabon/Neemazal
Dayabon/Palizin
Dayabon/L.S.P
Dayabon/R.S.P
Dayabon /Oberon
L.S.P/Matrine
L.S.P/Tondexir
L.S.P/Psyla
L.S.P/Oberon
R.S.P/Matrine
R.S.P/Tondexir
R.S.P/Psyla
R.S.P/Palizin
R.S.P/L.S.P
R.S.P/Oberon
Oberon/Tondexir

1.39%(1.08-1.68)
1.06 (0.85- 1.35)
1.36*(1.08- 1.72)

2.01*(1.62- 2.55)
1.43%(1.16- 1.79)
3.15%(2.13- 4.45)
4.32%(3.03- 6.04)
2.34*(1.71- 3.12)
1.23*%(1.07-1.4)
1.66*(1.45- 1.91)
1.06(0.93-1.21)
3.29%(2.65-4.09)
2.59%(1.92-3.41)
3.54%(2.69-4.62)
1.91%(1.56-2.32)
2.69%(2.26-3.22)
1.35%(1.17-1.57)
3.21*(2.54-3.98)
4.41*(3.56-5.43)
2.38%(1.93-2.9)
1.01(0.89-1.15)
1.25%(1.08-1.44)
1.69*(1.46-1.96)
1.11(0.97-1.27)
3.19%(2.6-3.9)
1.92*(1.4-2.57)
2.6%(1.94-3.21)
1.41*(1.1-1.79)
1.97*(1.6-2.34)
2.93*(2.18-3.86)
3.97%(3.08-5.11)
2.16*(1.7-2.71)
1.12(0.97-1.28)
1.52*(1.32-1.74)
3.01%(2.57-3.53)
0.93(0.73-1.16)

1.39%(1.11-1.78)
0.82(0.64-1.04)

1.37%(1.1-1.7)

1.91%(1.5-2.4)
1.17(0.93-1.47)
3.11%(2.3-4.08)
4.29%(3.21-5.65)
2.29%(1.77-2.89)
1.22*(1.06-1.4)
1.39%(1.1-1.8)
1.07(0.94-1.21)
2.6%(1.84-3.47)
2.56*(2.08-3.13)
3.53%(2.59-4.31)
1.88*%(1.54-2.27)
1.15 (0.96- 1.41)
2.14*(1.72-2.61)
3.41*(2.76-4.15)
4.73%(3.84-5.78)
2.51*(2.05-3.02)
1.1(0.96-1.27)
1.34*(1.15-1.57)
1.56%(1.29-1.92)
1.17*(1.02-1.35)
2.83%(2.24-3.47)
2.09%(1.61-2.62)
2.92%(2.23-3.7)
1.55%(1.21-1.92)
2.76%(2.23-3.46)
3.4*(2.78-4.18)
4.69%(3.83-5.83)
2.47*%(2.04-3.01)
0.96 (0.8-1.13)
1.55%(1.27-1.95)
2.82*%(2.28-3.48)
1.7%(1.33-2.23)

1 s gme O3t KU L TAD Olabl 3 gude S5 sren ke 5 LCr Lo 51

* In terms of LCso and the non-overlapping of the 95% confidence interval, there is a significant difference with

each other.
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Table 5. Comparison of the mean activity of esterases (+SE) in tea mealybugs treated with several
botanical insecticides and spiromsifen after 48 hours of exposure

Treatment

naphtol/min/mg

a-Esteras nmol B-Esterase nmol

naphtol/min/mg protein

protein
Matrine (Roiagro®) 0.634+0.027b 0.039+0.003e
Pepper extract (Tondexir®) 0.189+0.005ef 0.14+0.01d
Cinnamon and garlic (EOs) (Psyla®) 0.167+0.005f 0.14+0.076d
Neem oil (Neem Azal®) 0.241+0.001de 0.041+0.002e
Coconut oil soap (Palizin®) 0.274+0.01d 0.042+0.001e
Castor oil (Dayabon®) 0.351+0.005¢c 0.281+0.007b
Leaf extract of Sophora pachycarpa (L.S.P) 0.088+0.005¢g 0.041+0.001e
Root extract of Sophora pachycarpa (R.S.P) 0.905+0.012a 0.541+0.284a
Espiromesifen (Oberon®) 0.0102+0.006g 0.264+0.003c
Control 0.287+0.0064cd 0.043+0.001e
df 9 9
F 418.221 3902.301
P-value 0.001 0.001

(S 5 05057 o 330 Jlaz>! ch 23) LI s sme Vsl O gt o s alie o9 > (slyls L;LA(_S@:;%
#Means with the same letters in each column are not significantly different (at the 5% probability level, Tukey's

test).
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Table 6. Comparison of the mean activity of GST, AchE and MFO content (= SE) in tea mealybugs
treated with several botanical insecticides and spiromsifen after 48 hours of exposure

Treatment GST AchE MFO (Cytochrome
(nmol/min/mg (umol/min/mg ~ P450/mg protein)
protein) protein)
Matrine (Roiagro®) 3.12+0.002a 0.113+0.001b 0.047+0.001e
Pepper extract (Tondexir®) 0.455+0.006d 0.084+0.001d 0.036+0.002f
Cinnamon and garlic (EOs) (Psyla®) 3.011+0.002a 0.023+0.001e 0.578+0.006a
Neem oil (Neem Azal®) 0.455+0.006d 0.113+0.001b 0.137+0.001c
Coconut oil soap (Palizin®) 0.209+0.003e 0.114+0.001b 0.137+0.002c
Castor oil (Dayabon®) 2.26+0.001b 0.084+0.001d 0.107+0.003d
Leaf extract of Sophora pachycarpa (L.S.P) 2.26%0.001b 0.014+0.001f 0.185+0.003b
Root extract of Sophora pachycarpa (R.S.P) 0.194+0.002¢ 0.09+0.001c 0.017+0.001g
Espiromesifen (Oberon®) 3.01+0.021a 0.158+0.001a 0.137+0.002c
Control 1.88+0.006¢ 0.113+0.001b 0.02+0.004g
df 9 9 9
F 149089 5538.584 12533.626
P-value 0.001 0.001 0.001

(S5 03m3Teto 550 Jlal o 53) L5513 gme M| O g, )3 alie g > (51,1 sl Sl
«Means with the same letters in each column are not significantly different (at the 5% probability level, Tukey's
test).
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Abstract

Tea mealybug, Pseudococcus viburni (Signoret) is one of the important pests of tea and citrus
orchards in Northern provinces of Iran. In the current study, the effect of several plant-based insecticides
and microemulsion formulaion of Sophora pachycarpa leaf and root extract were investigated against
tea mealybug under laboratory conditions by leaf dip method. The LCs values of matrine, pepper
extract, cinnamon and garlic essential oil, neem oil, coconut oil soap, castor oil, formulated leaf and root
extracts of S. pachycarpa, and espiromesifen were determined as 2157, 1538, 2825, 5608, 4746, 6585,
4493, 5357 and 2676 mg formulated/l on adult of the tea mealybug, respectively. In addition, the LCso
of aforementioned compounds was calculated as 2188, 1555, 2809, 5559, 4703, 5842, 3457, 5195 and
1856 mg formulated/l for third instar nymph of this insect, respectively. The bioassays showed that
pepper extract, matrine, and cinnamon and garlic essential oil were most efficient treatments against tea
mealybug. Treatments of third instar nymphs by the insecticides also affected the activity of detoxifying
enzymes including alpha- and beta-esterases, acetylcholinesterase, glutathione S-transferase (GST) and
MFO system. Pepper extract, cinnamon and garlic essential oil, and formulated leaf extract of S.
pachycarpa decreased the activities of a-esterase. Since the pepper extract, matrine, cinnamon and garlic
essential oil showed significant mortality against nymphs and adults of the tea mealybug these
insecticides can be considered in the integrated management of the tea mealybug.
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