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Abstract
To determine the most appropriate concentration and application time of mineral oil against Pulvinaria
aurantii Cockerell, the reaction rate of egg hatching and the emergence of mobile cushion citrus instars to
different concentrations of mineral oil in the laboratory conditions with a temperature of 4 ± 25 °C, relative
humidity 5 ± 75 percent and 12 hours of light every 24 hours over four days after applying the treatments
was studied. In this study, four different concentrations of mineral oil including 0.2, 0.4, 0.6 and 0.8%
(namely 200, 400, 600 and 800 ml /100 liter water) and control (water without mineral oil) were selected as
treatments and tested on the samples of citrus cushion eggs in various stages of hatching (10, 30, 50, 70 and
90%). The results showed that the most appropriate time to control is when 50 percent of citrus cushion
eggs are hatching and the best mineral oil concentration is 0.77%.
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1 Introduction
In recent years, Pulvinaria aurantii Cockerell has been considered as the most important pest in citrus
orchards in Mazandaran province (northern Iran) (Damavandian, 2010). This pest entered Iran from 1937
to 1939 and was first observed in Rasht and Bandar-e Anzali cities on citrus trees in 1976 and is currently
distributed from Bandar-e Anzali to Gorgan (Behdad, 1991). Pulvinaria aurantii by feeding latex, on the
one hand, causes tree weakness and, on the other hand, causes the growth of the fumagine fungus
(Cladosporium sp.) because of the secretion of large amounts of honeydew, Which in turn causes a severe
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falling-out or loss of the quality of the fruit (Damavandian, 2006). This pest has two generations each year,
the first generation appears from the middle of June to the middle of September and the second generation
appears from mid-September to June of the following year (Behdad, 2003). During the past years, due to
the severity of pollution and the high level of damage caused by pests have annually used phosphorus and
hormonal pesticides to control the pests in most of citrus orchards in Mazandaran province, which is more
than 100,000 ha (Amozegar, 2013; Kheirodin et al., 2012).
Over the past decades, the using chemical insecticides of Dursban, Diazinon and Boprofosin have been
the main control strategy of P. aurantii in Mazandaran (Damavandian, 2007). It should be noted that
repeated application and high levels of sprays by using organic phosphorus or new insecticides will cause
an outbreak of P. aurantii (Bedford et al., 1998). In addition to the pest outbreak, the occurrence and
increase of pest resistance to pesticides caused by their repeated application is a very important global
problem (Roush and Tabashnik, 1990). The harmful effects of synthetic pesticides on humans, the
environment and nontarget organisms, such as natural enemies and the renewed outbreak of pests,
identification of alternative control strategies in integrated pest management plans has become a need
(Maleki and Damavandian, 2015). Due to the lack of the destructive effects of mineral oils compared to
synthetic pesticides, they are an integral part of integrated pest management programs for agricultural
products around the world (Beattie, 2005; Damavandian and Kiaeian Moosavi, 2014; Helmy et al., 2012)
and are considered as a worthy alternative of Chemical pesticides to control important pests in citrus
orchards (Kim et al., 2010; Kiss et al., 2005). According to Davidson et al. (1991), mineral oils affect the
different developmental stages of coccids, including eggs and various nymphal stages, and can control
them. On the one hand, study of Damavandian (2010) indicates that P. aurantii can be controlled without
the use of synthetic pesticides and only by using mineral oil, and on the other hand, many natural enemies
have been reported from citrus orchards (Damavandian, 2003; Davies and Jackson 2009; Jacas and
Urbaneja, 2010), whose supporting them for the control of citrus pests, including P. aurantii, is of
particular importance.
Since the harmful effect of mineral oil on the natural enemies of pests is much less than that of
pesticides (Bedford et al., 1998; Helmy et al., 2012; Suma et al., 2009), so they use to conserve and protect
natural enemies of this pest such as Cryptolaemus montrouzieri Mulsant and predatory mites, including
Allothrombium pulvinum Ewing, which is a native to Mazandaran citrus orchards, is essential (Saboori et
al., 2003). One of the important issues related to the effectiveness of mineral oils is their application at the
appropriate time (Beattie, 2005; Damavandian, 2012; Damavandian and Kiaeian Moosavi, 2014) and the
selection of suitable concentrations of mineral oil (Beattie, 2005; Damavandian and Kiaeian Moosavi,
2014). The highlighted difficulties reveal the importance of research to reduce the use of pesticides and to
prevent the irregular application of pesticides. Therefore, in this research, it is trying to determine the most
suitable mineral oil concentration and the exact time of the control against P. aurantii.
2 Material and Methods
To determine the number of eggs in each ovisac producing by the second generation of P. aurantii,
following the appearance of ovisacs in June, 20 ovisacs were randomly collected from citrus orchards and
the eggs were checked and counted under the stereomicroscope. Considering the average number of egg
per each ovisac and counting the number of nymphs emerged, the egg hatching percentage was determined
for each treatment. Meanwhile, ovisacs with the same conditions (from a geographic region and
homogeneous) were selected and, after a preliminary experiment, the final concentrations were calculated.
After that control of eggs and nymphs was performed at each stage of 10, 30, 50, 70 and 90% hatching. For
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each stage of control, the treatments consisted of 200, 400, 600 and 800 ml of mineral oil (Tehran oil
company, Tehran, Iran) in 100 liters of water and water without mineral oil (control). The mineral oil used
had 80% effective ingredient and 20% emulsifier with 92% sulfonation degree (Volck®). Each replication
included an ovisac and nymph on citrus leaves. In this study, a potter tower with a spray pressure of 1
bar/inch2 was used, and the volume of water and mineral oil sprayed on the leaves containing ovisacs and
nymphs of P. aurantii was 500 µl/10 cm2.
These experiments were repeated for 5 times for each treatment. The data were collected about 2 hours
before the application of the treatments to sure that eggs and nymphs are alive, after the samples were
treated. Due to the fact that mineral oils penetrate the body of the pests and control them in contact method,
so, the mortality and emerging the nymphs were recorded per 24 hours and in 4 consecutive days. Changes
in egg color, wrinkling and non-hatching were the criteria for the death of eggs and the dehydration of the
body and the immobility were the criteria for the death of nymphs. Natural mortality was first calculated
from the control and then, the percentage of mortality was corrected using Abbott's formula as follow:
Corrected mortality = (T-C/100-C) × 100

(1)

where T and C are the numbers of dead insects in treatment and control, respectively (Abbott, 1925). The
corrected mortality data of egg and nymph were used to estimate different lethal concentrations (LC50 and
LC90) using Probit analysis method and by computer program P / PROBAN LSTATS (Van Ark, 1983).
3 Results
On average, 432 eggs were counted in each ovisac in June. A maximum and minimum number of counted
eggs were 654 and 268, respectively. The LC50 and LC90 calculated for mineral oil in different stages of
egg hatching of P. aurantii are presented in Table 1. The most homogeneous data were obtained at 30 and
50% hatching stages, so that estimation of fiducial limits was possible at these stages (Table 2) (Van Ark,
1983). At 30 and 50% hatching stages, the concentration of mineral oil used which caused 50 and 90%
mortality of eggs and nymphs of P. aurantii is presented in Table 2. It should be noted that due scattering
and heterogeneity of the data at stages of 10 and 70% egg hatching, estimation of fiducial limits was not
possible.

Table 1 LC50 and LC90 estimated of mineral oil for different stages of P. aurantii egg hatching.

Egg
hatching
(%)
10
30
50
70

N*

Slop±SE

LC50 (%)

LC90 (%)

200
350
530
950

0.3678±0.01
1.0595±0.13
3.0372±0.25
0.6884±0.03

1.38
0.94
0.35
0.046

4.68
2.3
0.77
1.39

* Numbers of insects tested
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Table 2 The fiducial limiit of mineral oill (%, namely litter/100 liter watter) for the preddicted mortalityy (%) of P. aura
antii instars
in stages of
o 30 and 50% egg
e hatching.

Fidu
ucial limit (%
%)
The preddicted
mortalityy (%)

3
30%
egg hatcching
upper
1.21
3.31
3.91
6.3

50
90
95
99

50% eggg hatching

low
wer
0.8
1.82
2.1
3.23

upper
0.55
3.09
4.07
5.92

lower
0.06
0.57
0.65
0.78

The results
r
of egg hatching andd settling nym
mphs in the vaarious stages of hatching eegg of P. aurrantii (Fig.
1) show that there was
w a signifficant differennt among mean
m
number of nymphs emerged in different
g. 1, the poppulation of nyymphs deploy
yed in the
treatmennts (F=9966033, df=24, p=00.0001). Accoording to Fig
10 and 30%
3
egg hatching stages up
u to 96 hourrs after the in
nitial countingg was constaantly increasin
ng. When
the eggs hatched up too 50% and more,
m
the nym
mphs settled in
n the leaf areaa had a decreeasing trend. The
T mean
comparisson of mortaality percent (Fig. 2) shoow that theree was a signnificant diffeerent among mortality
percent calculated
c
inn different treeatments (F=
=74835.7, df=
f=24, p=0.00001). Accordiing to the reesults, the
highest percentage
p
off mortality caaused by treattments applieed was observved at 50 andd 70% of egg
g hatching
stages annd in 0.8% cooncentration of
o mineral oill (Fig. 2).
In thee obtained ressults of the P.
P aurantii ressponse in thee 90% egg haatching stage, when on aveerage 388
eggs (373-403) were hatched from
m each ovisac and nymphss deployed at the leaf surfaace, Despite the
t use of
t
ons, calculatioon of LC50 annd LC90 was not
n possible due
d to the hetterogeneity of
o the data,
existing transformatio
and the highest
h
mortaality rate was obtained 42%
% (Fig. 2).

1926a
1293d

be
efore

928h

1488b
1380c

treaatment

585o
585
393s

500

933h
610n
430r

1000

1090e
1055f
784k
479q
396s

1500

650m
689l
808j
879i
1005g
g

2000

196v
225u
251t
520p
773k

N b off nymph
Number
h

2500

24
4hour
48
8hour
72
2hour
96
6hour

0
10%

30%

50%

70%

90%
%

Prece
entage of hatching
h
Fig. 1 Thee number of insstars deployed on
o the surface of
o five leaves ov
ver five days in the stages of 10, 30, 50, 70 an
nd 90% egg
hatching (D
Different letters above the coluumns indicate significant
s
diffeerence among trreatments at p=
=0.05, Tukey tesst, one-way
ANOVA)..
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67.6d
55g
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Co
oncentratio
ons of mine
eral oil (ml)
m
rate (%
%) of instars caaused by treatm
ments applied inn the different stages of P. aurantii egg
Fig. 2 Comparison of mortality
hatching (D
Different letters above the coluumns indicate significant
s
diffeerence among trreatments at p=
=0.05, Tukey tesst, one-way
ANOVA)..

4 Discusssion
It is conccluded from laboratory
l
results that 90%
% of P. aura
antii nymphs' population ccan be inhibitted by the
lowest cooncentration of mineral oiil, which is 0..77% when 50%
5
of the P. aurantii egggs were hatch
hed (Table
1).
ntration of
If conntrol takes place earlier orr later than 50 to 70% of hatching, on the one handd, the concen
mineral oil
o and the lim
mit of its connsumption aree increased (T
Table 1, 2), and
a on the othher hand, the mortality
rate will also decrease (Fig. 2). As
A shown in Table
T
2, the concentration
c
n of mineral ooil caused mo
ortality in
p
in thee 30% hatchinng egg is sign
nificantly higgher than that in 50% hatch
hing egg.
the rangee of 50 to 99 percent
The reason
r
for inccreasing the concentration
c
at earlier tim
mes than 50% of hatching eeggs may be related to
the preseence of eggs in the ovisacs and their grreater resistance to controol. Meanwhilee, a few dayss after the
control inn the stages of
o 10% and 30%
3
of hatchiing eggs, as shown
s
in Figg. 1, the population of P. aurantii
a
is
constantlly increasing,, indicating thhe new nympphs emerged even in labooratory condittions, and on the other
hand it has
h been proven that minerral oils need to
t be contacteed to pests to have a lethall effect (Beatttie, 2005;
Daviasonn et al., 1991), hence the nymphs thhat have appeared after oil
o spraying will continue to live.
Thereforre, it seems that
t
the contrrol at the beeginning of egg
e hatching (10 and 30%
%) would no
ot be very
efficient,, and we needd to use high concentrationns of mineral oil (Table 1)).
As shhown in Fig. 1, when hatching eggs in the ovisacs increases from
m 50 to 70% or more, the mortality
of the nyymphs increaases in the coontrol. This is likely to bee due to interrspecies com
mpetition, sincce prickly
nymphs occupy approopriate placees on the leavves that contaain better sapp and thus haave more gro
owth rate,
i finding thee best locatio
on and nutritioon in this com
mpetition, an
nd occupy
while othhers have nott succeeded in
areas thaat contain lesss nutritious foood and sap, and
a as a resullt, their growtth slows dow
wn (Radjabi, 2008).
2
Accorrding to Hallaji Sani (19999), after haatching, nymp
phs tend to be
b positionedd along the main and
secondarry veins, but in high densities, they occupy
o
other leaf areas. Therefore,
T
leeading nymph
hs have a
higher agging rate due to more suitaable and prolonged feedin
ng and hence becomes
b
morre resistant. Therefore,
T
LC90 of mineral
m
oil inncreased is 39.1% in the 70%
7
egg hatcching stage (Table
(
1). In the 90% egg
g hatching
stage duee to reasons such
s
as age off nymphs andd their resistan
nce, emergennce of new nyymphs after th
he control,
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and increased heterogeneity, there was no possibility of calculating LC50 and LC90 by the concentrations
applied, And as Table 3 shows, the mortality rate decreased to 40.08%, and to increase mortality, the
concentration of mineral oil should be increased, so it seems that the most appropriate time to control
against P. aurantii is between 50% and 70% egg hatching stages (Fig. 2). The 50% egg hatching stage is
preferable to 70% egg hatching stage for several reasons, The most important reason is that if the expert
controlling against based on 70% egg hatching stage, he will not have an opportunity to error, and if the
percentage of egg hatching exceeds 70%, the mortality rate of the pest will be greatly reduced, and another,
by increasing the egg mass from 50 to 70%, the concentration required to control 90% of the population
will increase from 0.77% to 1.39% of the mineral oil in water, so at 70% of egg hatching or higher, the
probability of mortality of the pest and the desired efficiency of the control will reduce.
Damavandian (2006), the concentration of mineral oil that caused the mortality of 50% and 90% of the
second and third instar of P. aurantii calculated 0.593 and 1.013 L/ 100 L of water, which can be used these
concentrations of mineral oil in the later stages of the control, when have increased the age of the nymphs
and the fruits are larger and more resistant.
For many years, Azinphos-methyl insecticide was used to control P. aurantii in citrus orchards, which
led to the removal of natural enemies and outbreaks of other pests (Damavandian, 2006). The lethal effect
of mineral oils on natural enemies is less than that of pests due to their high mobility (Beattie, 2005;
Davidson et al., 1991; Helmy et al., 2012; Maleki and Damavandian, 2015; Suma et al., 2009), Therefore,
by removing common insecticides and controlling P. aurantii by mineral oil, it is possible that supported
Allothrombium pulvinum, which are natural enemies of P. aurantii (Saboori et al., 2003), as well as
Phytoseiid predatory mites and the increase of their population after the pest control (Damavandian, 2010)
and decreased the natural balance level of pests (Maleki and Damavandian, 2015). Predatory mites are also
able to protect themselves from the risk of mineral oils and do not suffer any damage (Bedford et al., 1998).
Despite the highly diverse species of predatory mites in Mazandaran citrus orchards, the use of broadspectrum pesticides caused the mortality of them and other natural enemies, increased the natural balance
level of pests and finally led to The outbreak of various types of pests in the citrus orchards of the province
(Damavandian, 2007).
Bedford et al. (1998) reported that repeated and high spraying by phosphorus and hormonal insecticides
eliminated parasitoid wasps, Coccophagus pulvinaria Compere and C. basilis Compere and Metaphycus
helvolus Compere, and eventually led to the outbreak of Pulvinaria aethiopica Deletto. On the other hand,
the lethal effect of mineral oils and its residual on parasitoid wasps is negligible (Rae et al., 2000). On the
one hand, the highest population density of predatory mites is from late spring to early autumn
(Damavandian, 2010) and on the other hand, P. aurantii nymphs appear from early June and about 100% of
the first-age-old nymphs appear in late May (Damavandian, 2014), therefore, it is recommended that
experts monitor the citrus orchards from the beginning of June and control the pest when egg hatching was
observed between 50 and 70 percent, which, of course, it depends on the weather conditions of each year.
If pest control is carried out at the appropriate time, its population will be reduced to a degree that will
probably not be needed to control the summer generation in September or October (Authors' observations).
Beattie (2005) reported that, in addition to determining the time, the target pest density should be
acceptable in the leaf area in oil spraying. According to the Maleki and Damavandian (2015), in citrus
orchards whose pests are controlled by natural enemies and mineral oil, the economic injury level of P.
aurantii per tree are at most 135 ovisacs in June, while in traditional citrus orchards, which pest control
depends on using different synthetic pesticides, the economic injury level was reduced to 110 ovisacs per
tree (Amozegar et al., 2017). Therefore, experts should consider the economic injury level. It should be
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noted that the distribution of P. aurantii in citrus orchards in the north of Iran is highly cumulative and
about 8% of the trees are infected with this pest in June when the first control takes place at this time
(Damavandian, 2014).
Therefore, the controlling P. aurantii can have two mistakes: first, it is done at the wrong time, when
the egg hatching is outside the range of 50 to 70%. Second, it is done on a wider scale, regardless of
contaminated sites, while, if the control is necessary, it should be done locally. This control method, in
addition to protecting the natural enemies, will also reduce the use of pesticides. Therefore, the proper pest
management along with the use of mineral oils at the appropriate time, on the one hand, will promote the
biological safety of citrus orchards, on the other hand, it will not cause the unusual outbreak of other citrus
pests (Damavandian, 2016).
Acknowledgments
We wish to thank of Dr. Sohrab Imani, for their constructive confederates and Mr. Mehdi Kabiri for their
worthy contributions. This research was supported by Sari Agricultural Sciences and Natural Resources
University.

References
Amozegar AR. 2013. Economic injury level of Pulvinaria aurantii in conventional citrus orchards.
Dissertation, Sari Agricultural Sciences and Natural Resources University, Iran
Amozegar AR, Damavandian MR, Amiri Besheli B. 2017. Determination of economic injury level of the
citrus cushion, Pulvinaria aurantii (Hem.: Coccidae) in conventional citrus orchards. Iranian Journal of
Plant Protection Science, 47(2): 313-323
Beattie A. 2005. Using petroleum – based spray oil in citrus. Agfact H2.AE.5: 1-7
Bedford ECG, Van Den Bery MA, De Villiers EA. 1998. Citrus pests in the Republic of South Africa.
Dynamic AD, Nelspruit, Republic of South Africa
Behdad E. 1991. Pests of fruit crops in Iran. Bahman Isfahan Press, Isfahan, Iran
Behdad A. 2003. Elementary entomology and important plant pest of Iran. Neshat Isfahan Press, Isfahan,
Iran
Damavandian MR. 2003. Laboratory bioassay to screen (LC90&LC50) mineral oils against citrus wax scale
Ceroplastes floridensis Comstock, 2nd instar. Journal of Agricultural Sciences and Natural Resources
Khazar, 3: 64-71
Damavandian MR. 2006. Laboratory bioassay and calculation of LC50 & LC90 of mineral oil for second and
third nymphs and adults of Pulvinaria aurantii. Journal of Agricultural sciences and Natural Resources,
13(4): 55-61
Damavandian MR. 2007. Laboratory and field evaluation of mineral oil spray for the control of citrus red
mite, Panonychus citri McGregor. Acta Agriculture Scandinavica, Section B-soil and plant protection
science, 57: 92-96
Damavandian MR. 2010. Comparison of current insecticides with mineral oil for the control of Pulvinaria
aurantii Comstock in Mazandaran citrus orchards and their efficacy on Phytoseiid mites. Journal of
Plant Pests and Diseases, 78(1): 81-95
Damavandian MR. 2014. The seasonal population changes of the citrus soft scale, Pulvinaria aurantii
(Hemiptera: Coccidae) and its distribution pattern in citrus orchards. Journal of Entomological Research,
6: 1-12
IAEES

www.iaees.org

76

Arthropods, 2018, 7(3): 69-76

Damavandian MR. 2016. Comparison of mineral oil spray with current synthetic pesticides to control
important pests in citrus orchards and their side effects. Arthropods, 5(2): 56-64
Damavandian MR, Kiaeian Moosavi SF. 2014. Comparison of mineral spray oil, confidor, dursban, and
abamectin used for the control of Phyllocnistis citrella (Lepidoptera: Gracillaridae), and an evaluation
of the activity of this pest in citrus orchards in northern Iran. Journal of Plant Protection Research, 54(2):
156-163
Davidson NA, Dibble JE, Flant ML, Marer PJ, Goye A. 1991. Managing insects and mites with spray oils.
University of California Press, California, USA
Davies FS, Jackson LK. 2009. Pest, disease, and weed management for the bearing grove. In: Citrus
growing in Florida (Ed. FL Gainesville).204-233, University Press of Florida, Florida, USA
Finney DJ. 1971. Probit analysis. Cambridge university press, London, UK
Halaji Sani MF. 1999. Study of bioecology of citrus cushion, Pulvinaria aurantii in Mazandaran.
Dissertation, Gilan University, Iran
Helmy EI, Kwaiz FA, El-Sahn OMN. 2012. The use of mineral oils to control insects. Egyptian Academic
Journal of Biological Sciences, 5(3): 167-174
Jacas JA, Urbaneja A. 2010. Biological control in citrus in Spain: from classical to conservation biological
control. Integrated Management of Plant Pests and diseases, 5: 57-68
Kheirodin A, Damavandian MR, Sarailoo MH. 2012. Mineral oil as a repellent in comparison with other
control methods for the citrus brown snail, Caucasotachea lencoranea. African Journal of Agricultural
Research, 7(42): 5701-5707
Kim DS, Seo YD, Choi KS. 2010. The effects of petroleum oil and lime sulfur on the mortality of Unaspis
yanonensis and Aculops pelekassi in the laboratory. Journal of Asia-Pacific Entomology, 13(4): 283288
Kiss L, Labaunce C, Magnin F, Aubry S. 2005. Plasticity of the life cycle of Xeropicta derbentina
(Krynicki, 1836), a recently introduced snail in Mediterranean France. Journal of Molluscan Studies,
71(3): 221-231
Maleki N, Damavandian MR. 2015. Determination of economic injury level for first and second
generations of Pulvinaria aurantii (Hem: Coccidae) in Thomson navel orange orchards. Arthropods,
4(1): 13-21
Radjabi GR. 2008. Insect Ecology, Applied and Considering the Conditions of Iran. Agricultural Research,
Education, Extension and Organization Press, Tehran, Iran
Rae DJ, Watson DM, Huang MD, Chen YJ, Wang BZ, Beattie GAC, Liang WG, Tan BL, Liu DG. 2000.
Efficacy and phytotoxicity of multiple petroleum oil sprays on sweet orange (Citrus sinensis L.) and
pummelo (C. grandis L.) in southern China. International Journal of Pest Management, 46: 125-140
Roush RT, Tabashnik BE. 1990. Pesticide Resistance in Arthropods. Chapman & Hall Press, London, UK
Saboori AR, Hosseini M, Hatami B. 2003. Preference of adults of Allothrombium pulvinum Ewing (Acari:
Trombidiidae) for eggs of Planococcus citri Risso and Pulvinaria aurantii Cockerell on citrus leaves in
the Laboratory. Systematic and Applied Acarology, 8: 49-54
Suma P, Zappala L, Mazzeo G, Siscaro G. 2009. Lethal and sub-lethal effects of insecticides on natural
enemies of citrus scale pests. BioControl, 54: 651-661
Van Ark H. 1983. Introduction to probit analysis with (LSTATS) P/ PROBAN. Science Bulletin,
Department of Agriculture, Pretoria, Republic of South Africa

IAEES

www.iaees.org

