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The effect of biorational insecticides on the citrus aphids 
and their predator, Coccinella septempunctata L.

Abstract: To determine selective effectiveness for spe-
cific pesticides on biological control species, we evaluated the 
contact toxicity of different treatments including 10 ml l−1 
dishwashing liquid, Dayabon 5, 6, 7, 8, 9 and 10 ml l−1, Palizin 
1.5, 2.5 and 2.5 ml l−1, Palizin 1.5, 2 and 2.5+Citrol oil 5 ml l−1, 
Tondoxir 2 and 3+Bartar soap 1 ml l−1, Malathion 2 ml l−1 
and control (water) on the adult aphids of the most important 
citrus gardens and their predator, Coccinella septempunctata 
L. in the laboratory conditions. The results revealed that the 
Palizin treatment 2.5+Citrol oil 5 ml l−1, caused the highest 
rate of the mortality of the citrus green aphid, Aphis spirae-
cola Patch, 1914 in 36 hours. Concentrations of 7 to 10 ml l−1, 
Dayabon and Palizin 2.5+Citrol oil 5 ml l−1, as well as 3 ml−1 
Tondexir + Bartar soap 1 ml−1 had the highest mortality of the 
citrus brown aphid, Aphis citricidus (Kirkaldy, 1907), 36 hours 
after treatment (100 %). In addition, the treatments of Palizin 
2 ml−1+ Citrol oil of 5 ml−1, as well as 2 ml l−1 Tondexir+Bartar 
soap 1 ml l−1 and concentrations of 5 ml l−1 and 6 ml−1 of 
Dayabon produced the same amount of the mortality of the 
citrus black aphid, Toxoptera aurantii (Boyer de Fonscolombe, 
1841). Tondexir 3 ml l−1+Bartar soap 1 ml l−1 in 24 hours after 
treatment caused the highest rate of the mortality of the cot-
ton aphids, Aphis gossypii Glover, 1877 (83.88 %). Malathion 
treatment caused a 100 % mortality of the predator ladybird 
36 hours after treatment, while the lowest amount was ob-
served in the Dayabon at 10 ml l−1 with 33.34 % mortality.

Key words: citrus aphids; Coccinella septempunctata; 
mortality; botanical pesticides

Učinek biološko primernih insekticidov na uši citrusov in 
njihovega predatorja (Coccinella septempunctata L.)

Izvleček: Za ovrednotenje selektivne učinkovitosti po-
sebnih pesticidov pri biološkem uravnavanju vrst je bila ovre-
dnotena kontaktna toksičnost različnih snovi, ki so obsegale 
obravnavanje z 10 ml l−1 pomivalne tekočine, obravnavanje z 
Dayabonom v koncentracijah 5, 6, 7, 8, 9 in 10 ml l−1, Palizi-
nom v koncentracijah 1,5, 2,5 in 2,5 ml l−1, s Palizinom 1,5, 2 
in 2,5 + citrolnim oljem 5 ml l−1, Tondoxirjem 2 in 3+milom 
Bartar 1 ml l−1, Malathionom 2 ml l−1 in kontrolo (voda) na 
odrasle uši v najpomembenjših nasadih citrusov in na njiho-
vega predatorja, Coccinella septempunctata L. v laboratorijskih 
razmerah. Rezultati so odkrili, da je povzročilo obravnavanje 
s Palizinom 2,5 + citrolnim oljem 5 ml l−1 največjo smrtnost 
zelene uši citrusov (Aphis spiraecola Patch, 1914) po 36 urah. 
Koncentracije 7 do 10 ml l−1 Dayabona in Palizina 2,5 + citrol-
nega olja 5 ml l−1, kot tudi 3 ml l−1 Tondexirja + Bartar mila 
1 ml l−1 so imele največjo smrtnost rjavih citrusovih uši, Aphis 
citricidus (Kirkaldy, 1907), 36 ur po obravnavanju (100 %). 
Dodatno so obravnavanja s Palizinom 2 ml l−1+ citrolnim 
oljem 5 ml l−1, 2 ml l−1 Tondexirja + Bartar mila 1 ml l−1 in 
Dayabona v koncentracija 5 ml l−1 in 6 ml l−1 povzročile ena-
ko smrtnost črne citrusove uši, Toxoptera aurantii (Boyer de 
Fonscolombe, 1841). Tondexir, 3 ml l−1 + Bartar milo, 1 ml l−1 
sta 24 ur po ubravnavanju povzročila največjo smrtnost bom-
baževe uši, Aphis gossypii Glover, 1877 (83,88 %). Obravnava-
nje z Malathionom je povzročilo 100 % smrtnost polonice 36 
ur po obravnavanju, medtem, ko je bila njena najmanjša smr-
tnost, 33,4 % , pri obravnavanju z Dayabonom pri 10 ml l−1.

Ključne besede: uši citrusov; Coccinella septempunctata; 
smrtnost; botanični pesticidi
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1 INTRODUCTION

Aphids are important pests of citrus growth be-
cause of direct damage, mainly on young plants, or 
because of virus transmission. These species are wide-
spread and four of them, green citrus aphid, A. spirae-
cola Patch, cotton aphid, A. gossypii Glover, 1877, brown 
citrus aphid, Toxoptera citricidus (Kirkaldy, 1907) and 
black citrus aphid, T. aurantii (Boyer de Fonscolombe, 
1841), are especially abundant (Lapchin et al., 1994). 
These are the most important pests of citrus trees in 
northern Iran (Abbasipour & Basij, 2016). The citrus 
aphids are responsible for direct and indirect dam-
ages. The former is highly correlated to the aphid spe-
cies and to the density of its population, as well as to 
the species and the age of infested citrus trees. Dam-
age consists of leaves’ deformation and a reduced de-
velopment of the infested shoots; such injuries have a 
negative effect mostly on the growth of young trees. In 
addition, the aphid infestation to the flowers and the 
very young fruits may cause their drop. Indirect dam-
ages are caused by the excretion of the honeydew, on 
which, sooty mould fungi raise later. But the greatest 
threat of the aphid infestation on citrus is undoubtedly 
represented by their efficiencies as the vector of the 
citrus virus diseases and particularly of the “Tristeza” 
(Cavalloro & Martino, 1985).

Nowadays, several groups of insecticides are being 
used against the main citrus pests (Tena and García-
Marí, 2011; Urbaneja et al., 2012). Furthermore, es-
pecially in the case of clementines (Citrus clementina 
Hort. ex Tan.) because of their tender flushes, citrus 
aphids and the two-spotted spider mite, Tetranychus 
urticae Koch (Acari: Tetranychidae) are considered im-
portant pests (Jacas et al., 2010; Urbaneja et al., 2012). 

Ladybirds are one of the largest groups of preda-
tor insects found in many habitats, including crops, 
gardens, forests and other places (Ali & Rizvi, 2010). 
The seven-spotted ladybird, Coccinella septempunctata 
L. (Col.: Coccinellidae) is one of the most common 
predator species of aphids. The origin of this insect is 
Asia and Europe and is now widely considered one of 
the most widely known species in the regions Nearctic, 
Palearctic, and Oriental (Honek & Martinkova, 2005; 
Barjadze et al., 2009). This species has been reported 
from all regions of Iran and in various ecosystems (An-
saripour et al., 2012). Regarding the spread of aphids, 
limiting chemical control is necessary to reduce the 
amount of used pesticides and to detect and apply non-
chemical methods.This can be done by introducing 
low-risk biological agents and pesticides with specific 
dosage and time.

In contrast to the destructive impacts of chemi-

cal insecticides, the use of biorational pesticides seems 
a safe and convenient solution to control these pests. 
Palizin is a water-soluble wetting agent having an herb-
al origin and formulated as a 65 % water-soluble con-
centrated liquid. Sirinol, peppermint, and eucalyptus 
extracts are used for making the compound. Dayabon, 
another tested compound has been formulated based 
on thyme essential oil (EC 10 %). Tondexir, the green, 
the concentrated liquid contains red pepper extract 
(EC 85 %). This combination, like the previous compo-
sition, acts by contact and causes the death of the pest 
through the respiratory system disorder (Anonymous, 
2015; Imani & Toorani, 2016). 

Unfortunately, and despite the importance of 
predator ladybeetles, C. septempunctata in the citrus 
agroecosystem, there is scarce and disperse literature 
on the side-effects of the pesticides used in citrus on 
it (Suma et al., 2009; Zappalà, 2010). Thus, the aims of 
this study were to evaluate and compare the biorational 
insecticides with conventional pesticides for control of 
some important aphids of citrus orchards and to evalu-
ate their impact on its main predator, C. septempunc-
tata. This information will allow to assess the acute tox-
icity of biorational pesticides on citrus aphids and their 
predators. 

2 MATERIALS AND METHODS

2.1 PLANT AND APHID CULTURES

The ‘Thomson Navel’ variety of orange Citrus sin-
ensis L. seedlings were planted in plastic pots (20 cm 
diameter × 30 cm height) containing a 1:1 mixture of 
perlite: vermiculite in a greenhouse at 25 ± 2 °C and 
16L: 8D h photoperiods. Stock laboratory cultures of 
the studied aphids, including the citrus green aphid, A. 
spiraecola, the cotton aphid, A. gossypii, the brown citrus 
aphid, T. citricidus and the citrus black aphid, T. aurantii 
were established on its respective host plants from in-
dividuals that were field-collected from the same host 
plant in Sari city of Mazandran province, north of Iran 
in 2017 and were reared under the same physical condi-
tions as the plant. 

Early colonies of aphids were collected from in-
fested citrus orchards in Sari, Iran, and transferred to 
the laboratory. Adult aphids were placed on citrus leaves 
to obtain a similar population of adults after a few days 
of nymphs were appeared. Then, adult aphids were 
separated from the leaves and the aphids were placed 
into the germinator. After several days and emergence 
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of same-aged adult aphids, they were used for bioassay 
experiments.

2.2 PREDATOR LADYBIRD REARING

A number of the seven-spotted ladybird, C. sep-
tempunctata were collected during the winter that were 
fed and matured in citrus orchards. They were then 
transferred to the germinator at 25 ± 2 °C, 65 ± 5 % 
RH and 16L : 8D h photoperiods. Adults and nymphs 
of citrus aphids were daily used to feed the ladybirds.

2.3 BIOASSAY TESTS

For each treatment, ten replicates were considered, 
and in each replicate, 30 adult aphids were placed on 
leaves of the host plant in Petri dishes with a diameter 
of 8 and a height of 1.5 centimeters. The treatments 
included: 1) Aveh dishwashing liquid (10 ml l−1), 2) 
Dayabon (5 ml l−1), 3) Dayabon (6 ml l−1), 4) Dayabon 
(7 ml l−1), 5) Dayabon (8 ml l−1), 6) Dayabon (9 ml l−1), 
7) Dayabon (10 ml l−1), 8) Palizin (1.5 ml l−1), 9) Palizin 
(2 ml l−1), 10) Palizin (2.5 ml l−1), 11) Palizin (1.5 ml l−1) 

+ Citrol oil (5 ml l−1), 12) Palizin (2 ml l−1) + Citrol oil 
(5 ml l−1), 13) Palizin (2.5 ml l−1) + Citrol oil (5 ml l−1), 
14) Tondexir 2 ml l−1 + Bartar Soap 1 ml l−1, 15) Ton-
dexir 3 ml l−1+ Bartar soap 1 ml l−1, 16) Malathion 2 ml 
l−1 and 17) control (water). Then, a certain amount of 
each treatment was carried out with a sampler and 
poured into a liter of water and sprayed with a 10-mil-
liliter (Potter precision spray tower) spray bottle (Potter 
Precision Spray Tower, 2000) on each leaf. Due to the 
fact that the capacity of the device is from a half to one 
milliliter, at each stage, one milliliter was sprayed on the 
leaf containing aphids, and this operation was repeated 
for 10 times, for each leaf at 10 ml spray. All experi-
ments were replicated three times. Petri-dish contain-
ing aphids were place in the germinator at 25 ± 2 °C, 
65 ± 5% RH and 16L : 8D h photoperiods. Live and 
dead aphids were counted and their mortality rate was 
estimated at 12, 24 and 36 hours after treatment. In-
sects that were unable to move their legs and tentacles 
against hot needle excitation were considered dead. In 
case of death in the control, the percent mortality of the 
treatments was corrected by Abbott’s formula (Finny, 
1971). These experiments were performed on each of 
the four-aphid species, separately in 10 replicates and 
30 aphids per replicate.

Treatment

Mean (±SE) mortality at different intervals (h)

12 h 24 h 36 h

dishwashing liquid (Ave) 10 ml l-1 46.78 ± 0.81ef 50.62 ± 0.57fg 28.28 ± 0.82k

Dayabon 5 ml l-1 26.81 ± 0.61h 36.71 ± 0.78i 45.37 ± 0.62i

Dayabon 6 ml l-1 26.41 ± 0.46h 37.55 ± 0.43hi 41.73 ± 0.55j

Dayabon 7 ml l-1 28.40 ± 0.65h 37.15 ± 0.66i 49.69 ± 1.61h

Dayabon 8 ml l-1 38.04 ± 0.51g 40.24 ± 0.79h 52.06 ± 0.84h

Dayabon 9 ml l-1 43.53 ± 0.69f 53.18 ± 0.60f 62.61 ± 0.56f

Dayabon 10 ml l-1 49.68 ± 0.61d 58.21 ± 0.61f 71.76 ± 0.55e

Palizin 1.5 ml l-1 28.64 ± 0.61h 32.88 ± 0.85j 51.94 ± 0.51h

Palizin 2 ml l-1 38.08 ± 0.50g 49.05 ± 0.66g 58.40 ± 0.49g

Palizin 2.5 ml l-1 58.22 ± 0.73c 61.76 ± 0.67g 72.32 ± 0.68e

Palizin 1.5 ml l l-1 + Citrol oil 5 ml l-1 45.80 ± 0.78ef 50.34 ± 0.45fg 63.34 ± 0.65f

Palizin 2 ml l-1 + Citrol oil 5 ml l-1 59.49 ± 0.55c 67.86 ± 0.55c 82.18 ± 0.47c

Palizin 2.5 ml l-1 + Citrol oil 5 ml l-1 78.89 ± 0.49a 84.37 ± 0.38a 99.37 ± 0.30a

Tondexir 2 ml l-1 + Bar-Tar wetting agent 1 ml l-1 68.42 ± 0.47b 72.30 ± 0.55b 77.11 ± 0.46d

Tondexir 3 ml l-1 + Bar-Tar wetting agent 1 ml l-1 76.65 ± 0.76b 83.49 ± 0.48a 95.21 ± 0.65b

Malathion 2 ml l-1 58.79 ± 0.51c 63.44 ± 0.60d 39.49 ± 1.04j

Control (water) 7.57 ± 0.38i 7.66 ± 0.38k 12.21 ± 0.43l

Table 1: Percentage mean (±SE) mortality of the green citrus aphid, Aphis spiraecola treated with different chemical compounds 
in different times

* Means were compared by Tukey's range test at 0.05 level. The similar letters indicate no significant difference.
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The adult ladybirds, C. septempunctata were used 
for bioassay experiments. The method of bioassay tests 
for ladybird was similar to that of aphids, with the ex-
ception that 10 adult insects were used in each replica-
tion and, the number of live and dead insects were esti-
mated at 12, 24, 36, 48 and 60 hours after treatment. The 
experiments were bio-assayed with 16 treatments and 
control with 10 replicates for each of the compounds.

2.4 STATISTICAL ANALYSIS.

In the case of mortality in the control, the mor-
tality percentage of other 16 treatments was modified 
using the Abbott formula (Finney, 1971). The data were 
subjected to a two-way analysis of variance (ANOVA) 
and the means were compared by Tukey’s range test at 
0.05 level, using SPSS program (SPSS, 2006). 

3 RESULTS

The results of bioassay experiments on the effects 
of different treatments of various compounds on the 
black citrus aphid, T. aurantii, the brown aphid, T. citri-

cidus, the cotton aphid A. gossypii and the green citrus 
aphid, A. spiraecola, as well as the seven-spotted lady-
bird insects, are listed in Tables 1 to 5.

The results of analysis of bioassay data for the 
green citrus aphid, A. spiraecola showed that there is 
a significant difference between various treatments at 
the test times. For a period of 12 hours (df = 16, F = 
1000.804, p < 0.001), 24 hours (df = 16, F = 1048.339, p < 
0.001) and for 36 hours (df = 16, F = 988.059, p < 0.001), 
based on these results, the treatment Palizin 2.5+ Citro-
loil 5 ml l−1 had the highest mortality at 12, 24 and 36 h, 
which was 76.89, 84.37 and 99.37 %, respectively.

Among Dayabon treatments, treatment of 10 ml l−1 
had the highest mortality rate at different times, so that 
at 36 hours about 71.76 % of aphids died. For the dish-
washing liquid 10 ml l−1 treatment, the mortality rate 
increased from 12 hours to 24 hours and 36 hours. Indi-
cating that the time of 36 hours after treatment had the 
highest mortality rate (58.28 %) (Table 1).

According to the variance analysis results of bioas-
say testing of the black citrus aphid, T. aurantii, a sig-
nificant difference was observed between all treatments 
at test times (for 12 hours, df = 16, F = 680.645, p < 
0.001; for 24 hours, df = 16, F = 2605.078, p < 0.001 and 
for 36 hours, df = 16, F = 146.352, p < 0.001). The results 

Treatment

Mean (±SE) mortality at different intervals (h)

12 h 24 h 36 h

dishwashing liquid (Ave) 10 ml l-1 55.57 ± 1.0g 95.31 ± 0.80b 1.08 ± 0.37d

Dayabon 5 ml l-1 66.72 ± 0.68e 100 ± 0.0a 100 ± 0.0a

Dayabon 6 ml l-1 75.04 ± 0.70d 100 ± 0.0a 100 ± 0.0a

Dayabon 7 ml l-1 92.09 ± 0.72bc 100 ± 0.0a 100 ± 0.0a

Dayabon 8 ml l-1 96.68 ± 0.99ab 100 ± 0.0a 100 ± 0.0a

Dayabon 9 ml l-1 100 ± 0.0a 100 ± 0.0a 100 ± 0.0a

Dayabon 10 ml l-1 100 ± 0.0a 100 ± 0.0a 100 ± 0.0a

Palizin 1.5 ml l-1 31.70 ± 0.70i 39.15 ± 0.61g 48.32 ± 0.51c

Palizin 2 ml l-1 41.44 ± 0.50h 52.39 ± 0.72f 76.38 ± 0.65b

Palizin 2.5 ml l-1 61.52 ± 0.62f 73.35 ± 0.69d 84.19 ± 0.93b

Palizin 1.5 ml l-1 + Citrol oil 5 ml l-1 55.61 ± 0.92g 64.88 ± 0.69e 77.50 ± 0.81b

Palizin 2 ml l-1 + Citrol oil 5 ml l-1 90.80 ± 0.81c 98.29 ± 0.54c 100 ± 0.0a

Palizin 2.5 ml l-1 + Citrol oil 5 ml l-1 98.38 ± 0.62a 100 ± 0.0a 100 ± 0.0a

Tondexir 2 ml l-1 + Bar-Tar wetting agent 1 ml l-1 90.13 ± 0.78c 88.16 ± 0.89c 100 ±  0.0a

Tondexir 3 ml l-1 + Bar-Tar wetting agent 1 ml l-1 100 ± 0.0a 100 ± 0.0a 100 ± 0.0a

Malathion 2 ml l-1 73.64 ± 3.28d 98.11 ± 0.70d 39.49 ± 1.64b

Control (water) 11.14 ± 0.62j 10.64 ± 0.78h 11.02 ± 0.79d

Table 2: Percentage mean (±SE) mortality of the black citrus aphid, Toxoptera aurantii treated with different chemical com-
pounds in different times

* Means were compared by Tukey's range test at 0.05 level. The similar letters indicate no significant difference.
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Treatment

Mean (±SE) mortality at different intervals (h)

12 h 24 h 36 h

dishwashing liquid (Ave) 10 ml l-1 41.84 ± 1.04h 82.65 ± 0.90c 32.05 ± 0.98h

Dayabon 5 ml l-1 47.0 ± 0.85g 67.61 ± 0.84de 72.38 ± 0.55d

Dayabon 6 ml l-1 54.61 ± 0.87f 70.53 ± 0.93d 81.34 ± 0.72c

Dayabon 7 ml l-1 84.20 ± 0.59d 96.89 ± 1.08ab 100 ± 0.0a

Dayabon 8 ml l-1 91.96 ± 0.48c 96.55 ± 1.28ab 100 ± 0.0a

Dayabon 9 ml l-1 96.26 ± 0.53b 100 ± 0.0a 100 ± 0.0a

Dayabon 10 ml l-1 100 ± 0.0a 100 ± 0.0a 100 ± 0.0a

Palizin 1.5 ml l-1 25.83 ± 0.68i 37.66 ± 0.58h 41.95 ± 1.08g

Palizin 2 ml l-1 34.35 ± 0.66i 40.73 ± 0.71h 42.83 ± 0.72g

Palizin 2.5 ml l-1 44.29 ± 0.76gh 48.22 ± 0.77g 52.60 ± 0.70f

Palizin 1.5 ml l-1 + Citrol oil 5 ml l-1 40.90 ± 0.70h 54.75 ± 0.72f 63.91 ± 0.67e

Palizin 2 ml l-1 + Citrol oil 5 ml l-1 55.67 ± 0.75f 65.56 ± 0.82e 85.48 ± 0.81b

Palizin 2.5 ml l-1 + Citrol oil 5 ml l-1 73.91 ± 0.65j 95.84 ± 0.86b 100 ± 0.0a

Tondexir 2 ml l-1 + Bar-Tar wetting agent 1 ml l-1 70.99 ± 0.87e 82.56 ± 0.64c 85.69 ± 0.88b

Tondexir 3 ml l-1 + Bar-Tar wetting agent 1 ml l-1 85.13 ± 1.24d 98.54 ± 0.81ab 100 ± 0.0a

Malathion 2 ml l-1 54.73 ± 0.75f 83.67 ± 0.77c 62.78 ± 0.77e

Control (water) 7.95 ± 0.47k 8.73 ± 0.57i 9.24 ± 0.56i

Table 3: Percentage mean (±SE) mortality of the brown citrus aphid, Aphis citricidus treated with different chemical compounds 
in different times

* Means were compared by Tukey’s range test at 0.05 level. The similar letters indicate no significant difference.

of the mean comparison indicated that the treatments 
of Dayabon 9 and 10 ml l−1, as well as Tondexir + Bartar 
soap 3 + 1ml l−1 had the highest effect in 12 hours after 
the treatment and resulted in the mortality of 100 % 
of the black citrus aphids. In 36 hours after treatment, 
all concentrations of Dayabon, Tondexir + Bartar soap, 
Dishwashing liquid (Ave) 10 ml l−1 and Palizin 2, 2.5 
+ citrol oil 5 ml l−1 treatments caused 100 % of aphid 
mortality. While the lowest mortality rate was recorded 
for control (11.92 %) (Table 2).

The results of the variance analysis of bioassay 
data from the brown citrus aphid, T. citricidus showed a 
significant difference between the treatments at differ-
ent time of testing. At 12 hours (df = 16, F = 1255.853, 
p < 0.001), 24 hours (df = 16, F = 1160.900, < 0.001) 
and 36 hours (df = 16, F = 2046.868, p < 0.001) post 
treatments. The results of the mean comparison showed 
that when Palizin insecticide was combined with citrol 
oil, its efficiency was increased. At 36 hours after treat-
ment, the concentrations of Palizin 0.5, 2 and 2.5 ml l−1, 
caused 41.95, 42.83 and 52.60 % mortality, respectively, 
but when there were combined with citrol oil, mortal-
ity increased to 63.91, 85.48 and 100 %, respectively. In 
the treatment of Malathion, over a period of 12 hours 
after treatment to 24 and 36 hours, the mortality rate 

increased from 54.73 to 83.67 % and 92.78 % mortality, 
respectively (Table 3). 

The results of the variance analysis of bioassay 
tests in different treatments on the cotton aphid, A. 
gossypii showed that there was a significant difference 
between treatments at 12, 24 and 36 hours. At 12 h (df 
= 16, F = 871.371, p < 0.001), 24 hours (df = 16, F = 
844.016, p < 0.001) and 36 hours (df = 16, F = 322.346, 
p < 0.001). Regarding the results of the mean compari-
son at 12 hours after the treatment, the highest mortal-
ity rates occurred in Tondexir 3 + Bartar soap 1ml l−1 
and Malathion 2 ml l−1 treatments, which was 75.40 and 
74.32 %, respectively. In the 24 hours after treatment, as 
in 12 hours, the two treatments with 83.89 and 82.73 % 
mortality. But 36 hours after treatment, Tondexir 3ml 
l−1 + soap Bartar 1ml l−1 treatment alone was found in 
the first group with 88.73 % of mortality. Meanwhile, 
Malathion 2ml l−1 was placed in the second group (b) 
(Table 4). 

Based on results of the variance analysis of data 
from bioassay tests of different treatments on the 
seven-spotted ladybird, C. septempunctata at different 
times after treatment showed a significant difference 
among treatments at 12 to 60 hours after treatment. For 
12 hours (df = 16, F = 47.631, p < 0.001), for 24 hours 
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(df = 16, F = 84.149, p < 0.001), for 36 hours (df = 16, F 
= 124.517, <0.001), for 48 hours (df = 16, F = 102.704, 
p < 0.001) and for 60 hours (df = 16, F = 188.976, p < 
0.001). According to the results presented in Table 5, 
the highest mortality rate of C. septempunctata ladybird 
were occurred at 12, 24, 36, 48 and 60 hours after treat-
ment, by Malathion 2ml l−1, which was equal to 69, 92, 
100, 100 and 100 %, respectively. While among other 
treatments at different times after treatment, the high-
est mortality rate was related to the Dayabon 10 ml l−1 
treatment, 36 hours after treatment 35.20 % (Table 5).

4 DISCUSSION

Knowledge of the use of selective insecticides for 
the pests and their natural enemies is very important 
in the integrated pest management. Especially when 
these compounds are used as pest control tools (Sterk et 
al., 2003). Previous studies using the above treatments 
showed that the highest mortality rate of the green 
citrus aphid, A. spiraecola was observed for Tondexir 
with a concentration of 3 ml l−1 + Bartar soaps 1 ml 
l−1 (58 %) and the lowest rate after control treatment 
(6 %), was produced by Palizin 1.5 and 2 ml l−1 (16 and 

18 %) treatments, respectively (Imani &Toorani, 2016). 
In this experiment, the treatments of Tondexir 3+ Bar-
tar soap 1 ml l−1 and Palizin with 1.5 ml and 2 ml l−1 
of after 24 hours of the treatments, had the mortality 
of 83.49, 32.88 and 49.05 %, respectively on the green 
citrus aphid. In addition, the treatment Palizin 2.5 ml 
l−1 + citrol oil 5 ml l−1 had the highest mortality rate 
in 24 hours after treatment (84.37 %), which indicates 
that with increasing concentration, the efficiency of this 
compound has increased, as well as citrol oil 5 ml l−1 
has a synergistic role and increases the palizin function.

Moreover,the experiments carried out on the 
black citrus aphid, T. aurantii in our case revealed that 
all Dayabon treatments, Palizin 2.5+ citrol oil 5 ml l−1 
and Tondexir 3 + Bartar soap 1 ml l−1 treatments caused 
100 % mortality, 24 hours after treatment (Table 2). 
Similar to our research, in the experiment on the black 
citrus aphid, T. aurantii, all concentrations of Dayabon 
had the highest mortality rates (100 %) (Toorani et al., 
2016). 

Similarly, the highest mortality rate of the Austral-
ian mealybug, Icerya purchasi Maskell, 1878 was ob-
served by Heydariet al. (2016c) for Dayabon treatments 
with concentrations of 9 and 10 ml l−1 and Tondexir 

Treatment

Mean (±SE) mortality at different intervals (h)

12 h 24 h 36 h

dishwashing liquid (Ave) 10 ml l-1 50.34 ± 0.68ef 53.47 ±  0.79f 62.44 ± 0.91d

Dayabon 5 ml l-1 29.56 ± 0.66h 34.28 ± 0.81gh 34.94 ± 0.48f

Dayabon 6 ml l-1 35.81 ± 0.75h 36.02 ± 0.57g 42.33 ± 0.65e

Dayabon 7 ml l-1 44.22 ± 0.72h 57.93 ± 0.56e 63.45 ± 1.75d

Dayabon 8 ml l-1 55.53 ± 0.73g 62.68 ± 0.61d 70.27 ± 0.55bc

Dayabon 9 ml l-1 54.98 ± 0.78f 62.78 ± 0.87cd 70.53 ± 0.98bc

Dayabon 10 ml l-1 58.34 ± 0.82d 68.65 ± 0.49b 74.84 ± 0.79ab

Palizin 1.5 ml l-1 9.57 ± 0.58h 13.02 ± 0.65j 25.81 ± 0.92g

Palizin 2 ml l-1 12.40 ± 0.54g 22.30 ± 0.76i 26.70 ± 2.38g

Palizin 2.5 ml l-1 21.56 ± 1.03c 31.37 ± 0.65h 36.48 ± 0.61ef

Palizin 1.5 ml l-1 + Citrol oil 5 ml l-1 42.89 ± 0.79ef 55.0 ± 0.93ef 66.37 ± 2.24cd

Palizin 2 ml l-1 + Citrol oil 5 ml l-1 54.52 ± 0.81c 65.15 ± 0.91bcd 75.03 ± 1.0ab

Palizin 2.5 ml l-1 + Citrol oil 5 ml l-1 55.45 ± 0.80a 66.63 ± 1.0bc 75.23 ± 0.72ab

Tondexir 2 ml l-1 + Bar-Tar wetting agent 1 ml l-1 61.95 ± 0.68b 62.07 ± 0.83d 63.37 ± 0.73b

Tondexir 3 ml l-1 + Bar-Tar wetting agent 1 ml l-1 75.40 ± 0.80b 83.89 ± 0.89a 78.73 ± 0.24a

Malathion 2 ml l-1 74.32 ± 0.73c 82.73 ± 0.88a 62.78 ± 0.55bc

Control (water) 8.36 ± 0.85i 8.60 ± 0.90k 11.81 ± 0.72h

Table 4: Percentage mean (±SE) mortality of the citrus aphid, Aphis gossypii treated with different chemical compounds in dif-
ferent times

* Means were compared by Tukey's range test at 0.05 level. The similar letters indicate no significant difference
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with concentrations of 2 and 3+ Bartar Soap of 1 ml 
l−1 with 93, 99.33, 95 and 100 % mortality, respectively. 

Based on studies conducted in laboratory condi-
tions, the LC50 values of the two extracts of red pepper, 
Capsicum annum L., and garlic extract on A. gossypii 
were 135.74 and 140.69 ppm, respectively. The result 
has shown the higher efficiency of pepper extracts (Ka-
zem & El-shereif, 2010). The use of coconut oil soap 
(Palizin) with concentrations of 1500 and 2500 ppm in 
Iranian cucumber greenhouses reduced the population 
of A. gossypii aphid by 75.9 and 90.6 % mortality (Ban-
iameri, 2008). In this research, Palizin 2.5 ml l−1iter + 
Citrol oil 5 ml l−1and Tondexir 3 ml l−1+ Bartar soap 
1 ml l−1have high efficacy in reducing the population of 
aphids and cause a high mortality rate, as the impaction 
of the pest to these compounds causes gas exchange 
and metabolism problems, as well as the destruction of 
the cuticle, and finally causes the death of insects (Ban-
iameri, 2008). 

In the present study, Tondexir 2+Bartar soap 
1 ml l−1 and Palizin 2 + citrol oil 5 ml l−1, causing 72.30 
and 67.86 % mortality of the green citrus aphid, A. 
spiraecola (Table 1); 98.16 and 98.29 % of the black cit-
rus aphid, T. aurantii (Table 2); 82.56 and 65.56 % of 
the brown citrus aphid, A. citricidus (Table 3) and 62.07 

and 65.15 % of the cotton aphid, A. gossypii, (Table 4) 
respectively. Whereas, the results of the mortality of lar-
vae of citrus leaf miner, P. citrella showed that Tondexir, 
Sirinol, Palizin, 2000 ppm + mineral oil 5000 ppm and 
Spinosad 750 ppm + mineral oil 5000 ppm, produced 
31.75, 45, 35.75 and 76 % mortality, respectively after 
24 hours (Amiri-Besheli, 2009). It seems that the aphids 
tested in the present research are much less resistant 
than citrus leaf miner larvae. The reason for that is due 
to Palizin and Tondexir agents which had a contact ef-
fect. For the larvae of the citrus leaf miner, they were 
inside leaf tissue and were relatively protected by leaf 
tissue, so that the tested insecticides had less contact 
with the larvae, and lower mortality rates were ob-
served. Also, the highest mortality rate of the oleander 
yellow aphid, A. nerii Fonscolombe, 1841, was occurred 
in the treatments of Tondxir 3 + Bartar soap 1 ml l−1 
(94.46 %), Dayabon 10 ml l−1 (89.70 %) and acetami-
pride (90.17 %), and no significant difference was ob-
served among the three treatments (Heydari et al., 
2016a). The difference in the mortality rate of the treat-
ments used in the present study with the mentioned 
research can be attributed to the difference in aphid 
species, because the resistance of each pest is different 
to the insecticides comparatively to other species.

Treatment

Percentage mean (±SE) mortality at different intervals (h)

12 h 24 h 36 h 48 h 60 h

dishwashing liquid (Ave) 10 ml l−1 6.0 ± 1.63def 17.60 ± 2.44defg 21.0 ± 1.34cde 9.17 ± 2.13bcdef 0.0 ± 0.0c

Dayabon 5 ml l−1 4.0 ± 1.63f 10.11 ± 2.11fghi 8.10 ± 1.77gh 7.45 ± 1.87bcdef 5.0 ± 2.7ab

Dayabon 6 ml l−1 13.0 ± 1.53bcdef 17.40 ± 1.37defg 10.0 ± 1.51fgh 3.30 ± 1.55f 1.30 ± 0.0c

Dayabon 7 ml l−1 20.0 ± 2.98b 15.20 ± 1.02efgh 15.80 ± 2.14cde 7.10 ± 1.86cdef 5.70 ± 2.7ab

Dayabon 8 ml l−1 17.0 ± 1.53bc 27.49 ± 2.48bcd 21.20 ± 2.09bcd 16.0 ± 3.20bcd 3.80 ± 2.3ab

Dayabon 9 ml l−1 18.0 ± 2.0bc 23.70 ± 1.98bcde 26.0 ± 1.59bcd 16.90 ± 1.54bc 2.70 ± 1.0c

Dayabon 10 ml l−1 18.0 ± 2.94bc 30.80 ± 1.06b 33.40 ± 1.52b 14.50 ± 2.79bcde 5.20 ± 1.0ab

Palizin 1.5 ml l−1 4.0 ± 1.63f 7.50 ± 1.61ghi 6.30 ± 1.78h 3.60 ± 1.38ef 1.0 ± 1.0c

Palizin 2 ml l−1 6.0 ± 1.63def 6.20 ± 1.81hi 7.20 ± 1.32h 5.20 ± 1.90def 4.30 ± 1.0ab

Palizin 2.5 ml l−1 5.0 ± 2.24ef 8.80 ± 1.23fghi 8.60 ± 2.43gh 4.10 ± 1.73ef 2.60 ± 1.0c

Palizin 1.5 ml l−1 + Citrol oil 5 ml l−1 9.0 ± 1.79cdef 13.20 ± 2.12efghi 9.90 ± 2.04gh 13.20 ± 2.33bcdef 7.90 ± 2.7ab

Palizin 2 ml l−1 + Citrol oil 5 ml l−1 15.0 ± 1.67bcde 15.70 ± 1.38efgh 19.70 ± 2.34def 6.60 ± 2.42cdef 2.0 ± 1.0c

Palizin 2.5 ml l-1 + Citrol oil 5 ml l−1 22.0 ± 2.91b 11.50 ± 2.88fghi 17.80 ± 2.52defg 11.40 ± 2.75bcdef 4.60 ± 1.3ab

Tondexir 2 ml l−1 + Bar-Tar wetting agent 1 ml l−1 16.0 ± 2.21bcd 19.30 ± 3.28cdef 25.0 ± 2.07bcde 2.90 ± 1.97f 3.30 ± 2.7ab

Tondexir 3 ml l−1 + Bar-Tar wetting agent 1 ml l−1 20.0 ± 2.98b 28.60 ± 2.98bc 29.70 ± 3.25bcd 18.70 ± 3.98b 11.60 ± 2.0b

Malathion 2 ml l−1 69.0 ± 3.48a 92.0 ± 3.51a 100 ± 0.0a 100 ± 0.0a 100 ± 0.0a

Control (water) 4.0 ± 1.63f 4.20 ± 1.72i 6.50 ± 1.78h 5.50 ± 1.84def 40.80 ± 1.0ab

Table 5: Percentage mean (± SE) mortality of the seven-spot ladybird, Coccinella septempunctata, treated with different chemical 
compounds, in different times

* Means were compared by Tukey’s range test at 0.05 level. The similar letters indicate no significant difference..
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Our results showed that almost in most tests, Pali-
zin 1.5 and 2 ml l−1 treatments had a significantly low-
er effect than other treatments (Table 2, 3 and 4). But 
when these treatments were combined with citrol oil of 
5 ml l−1, their mortality increased dramatically. But, it 
can be concluded that the mortality rate of the similar 
treatments in the present study was much higher than 
Imani & Toorani (2016) research. The reason for this 
difference is due to the difference in the test conditions 
in the two studies. For example, tested aphids in the 
previous research were directly collected from citrus 
gardens and treatments were applied, whereas, in the 
present study, the aphids were reared for a generation in 
the laboratory and then were tested. This suggests that 
the method of insect rearing and the surrounding envi-
ronmental conditions and the feeding type of an insect 
can effect on its resistance to insecticides.

In the present study, new botanical pesticides such 
as Dayabon, Palizin and Tondexir had a very little ef-
fect on the seven-spotted ladybird (Table 5). In previ-
ous studies, garlic extract (Sirinol) with a concentration 
of 2500 ppm has a lesser impact on natural enemies 
such as predator ladybirds and pistachio parasitoid in 
comparison with the Mospilan and Consult insecti-
cides (Kabiri et al., 2012). In the present study, similar 
to the above-mentioned research, Tondexir 3 +Bartar 
soap 1 ml l−1, containing garlic and pepper extract, had 
a lower effect on the seven-spotted ladybird than the 
chemical pesticides, malathion, caused 29.70 and 100 % 
mortality on ladybird at 36 hours after treatment, re-
spectively (Table 5).

Previous researches, as in our case, showed that 
the botanical pesticides used in the present study had 
a great impact on pest infestation, but had little effect 
on the natural enemy. For example, the results of Hey-
dari et al. (2016b) showed that the highest percentage 
of mortality in the nymphs of citrus cushion, Pulvinaria 
aurantii Cockerell, 1896 (100 %) was occurred in the 
Dayabon treatment of 9 and 10 ml l−1, and the lowest 
(except for control) (34 %) was observed in Palizin 
1.5 ml l−1. In the case of the predator ladybird, Cryptol-
aemus montrouzieri Mulsant, 1850 the highest and low-
est mortality rates were observed in Dorsban 2 ml l−1 
(76.66 %) and Dayabon 5 ml l−1, Palizin 2 ml l−1 (3.33) 
treatments. In addition, in a research carried out in field 
conditions with the same treatments, it showed that 
Dayabon 9 and 10 ml l−1 treatments, in addition to con-
trolling the citrus cushion, P. aurantii and not having an 
adverse effect on its predator, can be a suitable substi-
tute for other high risk chemical insecticides (Toorani-
et al., 2017). Furthermore, Kabiri et al. (2012) showed 
that three pesticides, Sirinol, Palizin and Tondexir had 
very low toxicity on the ladybird, Oenopia conglobate 

(Linaeus, 1758), one of the most important predators 
of the pistachio psylla, Agonoscena pistaciae Burckhardt 
& Lauterer, 1989, and were classified into a group of 
harmless insecticides for this predator. Due to the fact 
that the botanical pesticides used in this study have a 
direct contact effect and, by closing the respiratory tract 
of the skin, cause mortality of the pests, therefore, there 
is less effect on the mortality of C. septempunctata lady-
bird because the elytra of insect prevent insecticide to 
contact with the cuticle of insect.

5 CONCLUSION 

The results of this study indicate that the botani-
cal pesticides used to control the important aphids of 
citrus orchards, had a desirable level. Also, according 
to the results, Palizin 2 and 2.5 + Citrol oil 5 ml l−1 and 
Tondexir concentrations with Bartar soap and also 
Dayabon 10 ml l−1 treatment, in addition to effective 
control on the citrus aphids, had a negative effect on 
the seven-spotted ladybird which is the most impor-
tant natural enemy in citrus orchards. So, they could 
be a good alternative to other high-risk chemical in-
secticides.
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