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ARTICLE INFO 

 

ABSTRACT- Several species of aphids cause severe damage to citrus in the north of 
Iran. Predatory insects play an important role in biological control of the pests in citrus 
orchards. In this study, potential predatory insects of citrus aphids, Aphis spiraecola, A. 
gossypii and Toxoptera aurantii, were identified and their seasonal population dynamics 
on Citrus unshiu and C. sinensis were investigated during 2016-2017. Overall, four 
species were identified as dominant predatory insects of citrus aphids in Mazandaran 
province including Xanthogramma pedissequum (Syrphidae), Scymnus subvillosus,
Coccinella septempunctata (Coccinellidae), and Aphidoletes aphidomyza 
(Cecidomyiidae). Among these species, X. pedissequum and S. subvillossus were more 
abundant predators in the C. sinensis and C. unshiu orchards compared to the two other 
species. The predatory insects were observed when means of environmental temperature 
was about 15-20ºC. Population fluctuations, population densities and presence periods of 
the predatory insects were different on the two host plants. Results of this study can be 
used in integrated pest management programs of citrus aphids in citrus orchards in the 
north of Iran. 
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INTRODUCTION 

Aphids are important pests in citrus orchards in the 
north of Iran (Rajabi, 1986). The pests damage their 
host plants in diverse ways. They weaken the host plants 
by phloem sap feeding. Also, during feeding, injection 
of insect saliva plants causes phytotoxicity and 
physiological problems in the host plants. Sooty molds 
grow on the aphids' honeydew and hinder 
photosynthesis (Blackman and Eastop, 2000; Dedryver 
et al., 2010). Aphids can also transmit viruses to plants 
and indirectly damage them. A few aphids transmit 
citrus tristeza virus (CTV) in Iran. This virus causes 
severe damage to citrus plants (Delkhosh and Tousi, 
2009). Natural enemies (NEs) play an important role in 
biological control of aphids in citrus orchards. Many 
natural enemies including predators, parasitoids and 
pathogens attack the citrus aphids (Smith et al., 1997). 
NEs of some citrus pests and their population have been 
studied in some regions of Iran. For instance, NEs of 
citrus psyllid, Diaphorina citri Kuwayama, in the south 
of Iran were investigated that resulted in 
characterization of seven predators as well as three 
parasitoids of this insect species (Rakhshani and 

Saeedifar, 2012). Also, thirteen insect species were 
reported as natural enemies of pulvinarin scale, 
Pulvinaria aurantii (Cockerel), in the north of Iran 
(Bozorg Amirkolaee et al., 2017). Seasonal population 
dynamics of an aphidophagous predator, Scymnus 
syriacus Marseul (Col: Coccinellidae), was studied in 
Gilan province (Emami et al., 2004). In this study, 
important predatory insects of aphid pests on two citrus 
species, Satsuma mandarin, Citrus unshiu Markovich, 
and Thomson navel orange, Citrus sinensis L., were 
studied and their seasonal population dynamics were 
investigated in the north of Iran.   

 

MATERIALS AND METHODS 

Samplings of predatory insects of Aphis spiraecola 
Patch, A. gossypii Glover and Toxoptera aurantii Boyer 
de Fonscolombe were performed in an experimental 
citrus orchard of Citrus and Subtropical Fruits Research 
Center, 20 hectares, in Ramsar, Mazandaran province, 
the north of Iran, 36°54'24.2"N 50°39'26.7"E. No 
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pesticides were applied against insects in the 
experimental citrus orchard during the study period. 
Samplings were weekly performed during January 2016 
to August 2017. At each sampling date, ten Thompson 
navel orange and ten Satsuma mandarin trees (20 years 
old) were randomly selected. From three heights (1, 1.5 
and 2 meters) of each main direction (north, south, east 
and west), six shoots, and totally 24 shoots from each 
selected tree, were randomly taken. The samples were 
transferred to the entomology laboratory of the Citrus 
and Subtropical Fruits Research Center and numbers of 
immature life stages of each predator on each sample 
were separately recorded under stereomicroscope. 
Recording of numbers of adult predators was done in 
situ. To identify unknown species, their specimens were 
sent to the Department of Insect Taxonomy of Iranian 
Research Institute of Plant Protection. Seasonal 
population dynamic charts were plotted by Microsoft 
Excel 2010.  
 

RESULTS AND DISCUSSION 
 
Seasonal population dynamics of aphid predators 

Overall, four species, Xanthogramma pedissequum 
Harris (Dip., Syrphidae), Scymnus subvillosus (Goeze) 
(Col., Coccinellidae), Coccinella septempunctata L. 
(Col., Coccinellidae) and Aphidoletes aphidomyza 
Rondani (Dip., Cecidomyiidae), were identified as 
predatory insects of citrus aphids.  The seasonal 
abundance of natural enemies of Toxoptera citricida 
Kirkaldy has already been investigated in Puerto Rico 
(Michaud and Browning 1999). Similarly, they showed 
that syrphid larvae and coccinellid beetles were two 
important groups of predators of the citrus aphids.  

Seasonal population dynamics of aphid predators on 
Satsuma mandarin and Thomson navel orange, mean of 
environmental temperature and relative humidity % 
during two growing seasons are presented in Fig. 1. 

On Satsuma mandarin during 2016, the first X. 
pedisequum egg and larvae were observed in early May 
(Fig. 1). The larval density dramatically increased and 
peaked on May 18 2016 (0.6 larvae per shoot). The 
syrphid fly was not observed during June to early 
October 2016 (Fig. 1). No recording of the predator 
flying during this period may be related to 
environmental conditions or lack of preys. The second 
activity period of X. pedissequum was recorded during 
mid to the end of October 2016 with a lower density 
level (0.016 and 0.008 larvae per shoot (Fig. 1). The 
first occurrence and peak density of the syrphid larvae 
were 0.27 eggs and 0.36 larvae per shoot at mid-May 
2017 (Fig. 2). The first population of the syrphid egg 
and larvae we observed at Early-May 2016 on Thomson 
navel orange (Fig. 3). The peak of larval population 
took place on October 16 2016 (0.2 larvae per shoot). 
Overall, the syrphid fly was active during five months on 
Thomson navel orange which was longer than the 
period of insect presence on Satsuma mandarin. 

The first larvae of S. subvillosus on both host plants 
were observed on May 3 2016 (Figs. 1 and 3). The peak 
of the ladybird larvae was recorded on May 18 2016 
(0.6 larvae per shoot). There were no larvae of S. 
subvillosus during summer months on both host plants. 
This may be related to specific environmental 
conditions or lack of aphids as its preys. The ladybird 
was observed again during October 2016 with a low 
density. At the second activity period, the peak of S. 
subvillosus larvae was observed on October 6 and 
October16 2016 with the densities of 0.029 and 0.037 
larvae per shoot on Satsuma mandarin (Fig 1)  and 
Thomson navel orange (Fig 3), respectively.  

In 2017, the first larvae of this predator was 
observed on May18 and on April 4 on Satsuma 
mandarin and Thomson navel orange, respectively 
(Figs. 2 and 4). The predatory ladybird larvae peaked on 
May 18 2017 (1.21 larvae per shoot) and on June 4 2017 
(0.16 larvae per shoot) on Satsuma mandarin (Fig. 2) 
and Thomson navel orange (Fig. 4), respectively. These 
results showed that predatory ladybird was present on 
Satsuma mandarin with a higher density and for a 
longer period compared to those on Thomson navel 
orange.  Host plant characteristics may modify 
interactions between herbivores and their enemies by 
operating directly on the herbivore, the enemy, or both. 
The characteristics may be either chemical (such as 
toxins, digestibility-reducers, and nutrient balance) or 
physical (such as pubescence and tissue toughness) 
(Price et al., 1980). 

On Satsuma mandarin, C. septempunctata was 
active only during May 2016 (Fig. 1). This activation 
period may be related to the effect of host plant on the 
predator or aphids, as its preyes. The first occurrence 
and peak of C. septempunctata L. egg and larvae 
population were recorded on May 3 2016 (0.029 insects 
per shoot). The same trend was observed on Thomson 
navel orange (Fig. 3). During 2017, the predators were 
present on Satsuma mandarin during mid-May to mid-
June (Fig. 2). Overall, the population density of C. 
septempunctata was higher on Satsuma mandarin than 
on Thomson navel orange and the presence period of 
this insect on Satsuma mandarin was longer compared 
to insect presence period on Thomson navel orange. For 
A. aphidomyza, the predatory midge was observed 
during May 2016. Larvae of the predator peaked on 
May 18 2016 with densities of 0.154 and 0.191 larvae 
per shoot on Satsuma mandarin (Fig. 1) and Thomson 
navel orange (Fig. 3), respectively. On Satsuma 
mandarin, the predator larvae were present during early 
May to mid-June 2017 with density peak of 1.36 larvae 
per shoot (on May 18 2017) (Fig. 2). But on Thomson 
navel orange, the predatory larvae were observed only 
on June 4 2016 (0.079 larvae per shoot) (Fig 3). 
Therefore, this predatory midge was more active on 
Satsuma mandarin compared to Thomson navel orange. 
More density of aphid predators on Satsuma mandarin 
may be due to attractive infochemicals which emit from 
the host plants.  
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Fig. 1. Seasonal population dynamics of aphid predators on Satsuma mandarin during 2016 (Sy: Xanthogerama pedisequum 
(Syrphid fly); Sc: Scymnus subvillesus; Co: Coccinella septempunctata; Ap: Aphidoletes aphidomyza). RH: Relative 
Humidity % 

 

Fig. 2. Seasonal population dynamics of aphid predators on Satsuma mandarin during 2017 (Sy: Xanthogerama pedisequum 
(Syrphid fly); Sc: Scymnus subvillesus; Co: Coccinella septempunctata; Ap: Aphidoletes aphidomyza). RH: Relative 
Humidity % 

 

Fig. 3. Seasonal population dynamics of aphid predators on Thomson orange during 2016 (Sy: Xanthogerama pedisequum 
(Syrphid fly); Sc: Scymnus subvillesus; Co: Coccinella septempunctata; Ap: Aphidoletes aphidomyza). RH: Relative 
Humidity % 
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Fig. 4. Seasonal population dynamics of aphid predators on Thomson orange during 2017 (Sy: Xanthogerama pedisequum 
(Syrphid fly); Sc: Scymnus subvillesus; Co: Coccinella septempunctat; Ap: Aphidoletes aphidomyza). RH: Relative 
Humidity % 

 

Volatile compounds can cause immigration of the 
predators to infested trees. Natural enemies plan their 
foraging decisions according to the information they 
received from different trophic levels; so, it was 
reported that chemical information plays a critical role 
in behavior of the natural enemies (Dicke et al., 1990). 
The importance of the infochemicals in foraging of 
predators has been documented. For instance, broad 
bean plants emitted infochemicals, (E)-β-Farnesene, 
which has been shown to be attractive for A. bipunctata 
(Francis et al., 2004) and Episyrphus balteatus DeGeer 
(Dip., Syrphidae) (Francis et al., 2005). Also, it has 
been reported that searching and ovipositional behaviors 
of E. balteatus were significantly affected by volatile 
terpenoids released from potato infested with Myzus 
persicae Sulzer. 

Overall, the results of this study showed that 
population densities and activity period of the predators 
on Satsuma mandarin were more than those on 
Thomson navel orange. Price et al. (1980) explained 
that host plant directly and indirectly affects the 
population of natural enemies. The population of 
herbivores may be influenced by different host plants 
and, therefore, the efficacy and density of the 
herbivore's natural enemies may be indirectly affected 
by the different host plants. For instance, it was 
demonstrated that life table parameters of A. spiraecola 
on seven host plants were different (Tsai and Wang, 
2001). Also, Johnson (2008) proved the effects of plant 
genotype (28 genotypes of Oenothera biennis L.) on 
aphid density and their natural enemies in field 
conditions. Our previous study showed that citrus 
aphids, A. spiraecola, A. gossypii and T. aurantii, were 
more abundant on Satsuma mandarin than on Thomson 
navel orange (Alizadeh Kafeshani, 2018). The effect of 
host plants on aphids and their predators in a tri-trophic 
interaction system was previously reported for M. 
persicae Sulzer and Adalia bipunctata L. (Col., 
Coccinellidae) (Birch et al., 1999; Francis et al., 2001), 
Rhopalosiphum maidis Fitch and Coleomegilla 

maculata DeGeer (Col., Coccinellidae) (Lundgren and 
Widenmann, 2005) and Diuraphis noxia Mordvilko and 
Chrysoperla plorabunda Fitch (Neu., Chrysopidae) 
(Messina and Sorenson, 2001). In all cases, efficacy and 
population of the predators were significantly affected 
by host plants of the aphids. 

Results of this study showed that predatory insects 
were present when the mean of environmental 
temperature was about 15-20ºC. Our previous study 
showed that population peaks of the citrus aphids took 
place at the above temperature range (15-20ºC) 
(Alizadeh Kafeshani , 2018).   

 
CONCLUSIONS 

 
Overall, four predaceous species: X. pedissequum, S. 
subvillosus, C. septempunctata and A. aphidomyza were 
identified as predatory insects of citrus aphids in 
Mazandaran province, the North of Iran. Among them, 
X. pedissequum and S. subvillosus were more abundant 
predators. The optimum range temperature for the 
predatory insects was 15-20ºC. Population fluctuations, 
population densities and presence period of the 
predatory insects were different on Satsuma mandarin 
and Thomson navel orange. X. pedissequum occurred 
earlier than other species in the citrus orchards. Results 
of this study can be used in integrated pest management 
program of citrus aphids. 
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ميهاي شتهبسياري از گونه– چكيده شوند. حشرات ها موجب خسارت شديد مركبات در شمال ايران
در باغات مركبات دارند. در اين مطالعه، حشرات مهم شكارگر نقش مهمي در كنترل طبيعي اين آفات 

شناسايي)Toxoptera aurantiiو Aphis spiraecola ،A. gossypii( هاي مركباتشكارگر شته
و پرتقال تامسون ناول)Citrus unshiu(و تغييرات فصلي جمعيت آنها روي نارنگي انشوندشد

)Citrus sinensis (شامل مورد ارزيابي قرار گرفت. دركل، چهارگونه 1396-1394هاي در طي سال 
Xanthogramma pedissequum )Syrphidae(،Scymnus subvillosus،وCoccinella 

septempunctata )Coccinellidae(وAphidoletes aphidomyza )Cecidomyiidae ( به عنوان
هاي ها، گونهدر ميان اين هاي مركبات در استان مازندران شناسايي شدند. شته مهمحشرات شكارگر 

X. pedissequum وS. subvillosus و پرتقال فراوان ترين حشرات شكارگر روي درختان نارنگي انشو
- درجه سانتي20تا15اين حشرات شكارگر زماني كه ميانگين دماي محيط بين تامسون ناول بودند.

دوره حضور اين حشرات شكارگر رويو هاي جمعيتحضور داشتند. نوسانات جمعيت، تراكمگراد بود،
هاي هاي كنترل تلفيقي آفات شتهنتايج اين تحقيق مي تواند در برنامه دو ميزبان گياهي متفاوت بود.

 مركبات در باغات شمال كشور مورد استفاده قرار گيرد.
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اسماعيل،2سيروس آقاجانزاده،*1علي رجب پور،1فرزانه عليزاده كافشاني
3محمد فرخاري،2غلاميان

و منابع طبيعي رامين خوزستان، ملاثاني، اهواز،علومدانشگاه،پزشكيگروه گياه1 ايران..ا.جكشاورزي
ق،يتحق سازمان،يريگرمسمهينيهاوهيمو مركبات قاتيتحق مركز،يباغبان علوميقاتيتحقتويانست2

ا. ايران. رامسر،،)AREEO(يكشاورزجيترو آموزش ج.
و منابع طبيعي خوزستان، ملاثاني، اهواز، علوم دانشگاهي،اهيگو ژنتيكديتول مهندسي گروه3گ3  كشاورزي

ا. ايران. ج.

 نويسنده مسئول*
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