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ABSTRACT 

Background Asian citrus psyllid (ACP), Diaphorina citri Kuwayama 1907 

(Hemiptera: Psyllidae), is one of devastating insect pests of citrus, and acts 

as a putative vector of causing pathogen of Huanglongbing (citrus greening) 

disease all over the world. A wide range of synthetic conventional pesticides 

are being practiced to alleviate the problem of ACPs on citrus plants with 

unsatisfactory results. However, extensive use of these insecticides caused 

many non-target effects including pest resistance and environmental 

contamination. Therefore, there is a crucial need to seek out alternate pest 

control strategies which could be more target-specific, safer and eco-friendly 

such as new-chemistry insecticide formulations. 

Methodology The comparative efficacy of three new-chemistry insecticides 

i.e. thiamethoxam (Actara® 25 WG), spinetoram (Radiant® 120 SC) and 

spirotetramat (Movento® 240 SC) was evaluated against ACP nymphs and 

adults. The commercial formulations of these insecticides were applied with 

two different doses i.e. field recommended dose and half of field 

recommended dose. Field recommended dose for thiamethoxam, spinetoram 

and spirotetramat were 50 g a.i. ha-1, 100 g a.i. ha-1 and 96 g a.i. ha-1, 

respectively. Experimental design was completely randomized with six 

treatments, each with nine replications. 

Results Spirotetramat appeared to be the most effective insecticide and gave 

significant mortality of ACP nymphs (96%) and adults (94%) at its field 

recommended dose and 78% and 72% at its half of field recommended dose, 

respectively, at 72h post treatment, followed by thiamethoxam (60%) for 

ACP nymphs and spinetoram (55%) for ACP adults. Field doses of the latter 

two insecticides gave an average mortality (45.3%) of psyllids, less than that 

of half dose of spirotetramat (57.5%).  

Conclusion Spirotetramat exhibited more efficacy against both adult and 

nymph psyllids than spinetoram and thiamethoxam. It could be considered as 

potential biorational pesticide in future integrated pest management 

strategies against sucking insect pests as Asian citrus psyllids. 

 

INTRODUCTION 

 

Asian citrus psyllid (Diaphorina citri Kuwayama 

1907 Kuwayama; Hemiptera, Psyllidae) has been 

emerging as one of the major sucking insect pests of 

citrus crop all over the world (Boykin et al. 2012). 

Although native to Southeast Asia (Taiwan and 

China), it has become an exotic pest species of the 

citrus plants worldwide including Australia, Brazil, 

India, Japan, Pakistan, South Africa and USA 

(Halbert and Manjunath 2004; Yang et al. 2006; 

Boykin et al. 2012). Direct damage is caused to citrus 

plants by sap (phloem) sucking and injecting toxic 

saliva, which ultimately leads to the distorted and 

stunted growth of young foliage. Asian citrus psyllids 

(ACPs) also indirectly damage the trees by 

stimulating the development of sooty mould fungus 

on foliage which is favored by psyllids’ honeydew 
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secretions, and more importantly by facilitating the 

transfer of causal agent (Candidatus Liberibacter 

asiaticus) of devastating disease of citrus i.e. 

greening disease, also known as Huanglongbing 

(HLB) (Quarles 2013). It has been found that in Indo-

Pak region, citrus crop suffered 25% yield loss due to 

insect pests, and out of these ACPs contributed more 

than 80% damage (Shivankar and Singh 2006; Khan 

et al. 2013; Rehman et al. 2017). 

In general, a wide range of pesticides are being 

practiced to alleviate the problem of ACPs on citrus 

plants including organochlorides, organophosphates, 

carbamates, pyrethroids (Childers and Rogers 2005; 

Qureshi et al. 2014; Boina and Bloomquist 2015), 

and against most of these chemical groups, ACPs 

have evolved certain level of field resistance (Yang et 

al. 2006; Tiwari et al. 2011; Hall et al. 2013). 

Moreover, an effective control of psyllids is usually 

not achieved due to their putative escape from 

pesticide spray. One of the reasons is that these tiny 

insect pests usually tend to stay and feed on abaxial 

side of leaves rather than adaxial one, and secondly 

they are very agile and move briskly with a mere 

disturbance and hence, can be escaped from pesticide 

sprays (Cocco and Hoy 2008). Moreover, extensive 

use of synthetic conventional insecticides in fruits 

and vegetables production is being discouraged in the 

current era of organic production due to potent 

environmental contaminations and other ecological 

consequences of synthetic chemical pesticides. 

Therefore, there is a crucial need to seek out alternate 

pest control strategies which could be more target-

specific, safer and eco-friendly such as new-

chemistry insecticide formulations.  

Pesticides with novel chemistry and mode of 

action emerge as promising options to be integrated 

in bio-intensive integrated pest management 

programs. These insecticides are more target-specific, 

quickly biodegradable and relatively safe to 

beneficial fauna including insect predators and 

parasitoids (Grafton-Cardwell et al. 2005; Ishaaya 

and Degheele 2013; Visnupriya and Muthukrishnan 

2016), and effectively control those insect pests 

which have attained resistance against conventional 

insecticide groups (Tiwari et al. 2011; Galm and 

Sparks 2016).  

Thiamethoxam was developed and released 

commercially by Syngenta-Novartis in 1998 as 2nd 

generation neonicotinoid insecticide with brand name 

Actara® for controlling infestation of a wide insect 

species of fruits and vegetables (Maienfisch et al. 

2001). It is a nerve poison and inhibits the nicotinic 

acetylcholine receptor (nAChR) of insect central 

nervous system and is categorized in Group 4A of 

IRAC pesticides mode of action classification. Since 

2000, it is being applied against many agricultural 

insect and mite pests in fruits, vegetables and field 

crops (Elbert et al. 2008). Particularly, thiamethoxam 

is effective against sucking insect pests (Zhang et al. 

2011; Ahmed et al. 2014; Marshall et al. 2015; 

Kumar et al. 2016).  

Spinetoram is a new-chemistry semisynthetic 

insecticide derived from a compound ‘spinosyns’ 

naturally produced by soil-dwelling actinomycete 

bacteria, Saccharopolyspora spinosa (Tescari et al. 

2014; Galm and Sparks 2016). It belongs to Group-5 

of IRAC mode of actions and inhibits nACh 

(nicotinic-acetylecholine) and GABA (γ-

aminobutyric acid) receptors of insect nervous 

system. After its first release in 2006, it has been 

effectively applied against a wide number of insect 

pest species all over the world including stored grain 

insect pests (Athanassiou and Kavallieratos 2014), 

lepidopterous insect pests (Sial and Brunner 2010; Li 

et al. 2015) and sucking insect pests including citrus 

psyllids (Serikawa et al. 2010; Kumar et al. 2016).  

Similarly, spirotetramat is another novel 

chemistry systemic insecticide derived from spiro-

cyclic tetramic acid. Regarding mode of action, it 

belongs to IRAC Group-23, and targets the normal 

activity of acetyl CoA carboxylase of insect nervous 

system causing inhibition of lipid biosynthesis and 

normal growth (Fischer and Weiss 2008; Nauen et al. 

2008). After its first release in 2008, it has been 

providing excellent control of insect pests world 

widely, particularly of sucking pests of agricultural 

(Nauen et al. 2008; Brück et al. 2009; Guillén et al. 

2014) and medical (Salazar-López et al. 2016) 

importance. This study assessed the comparative 

efficacy of three above described novel chemistry 

insecticides against ACP adults and nymphs under 

laboratory conditions in order to find out and 

recommend the most effective one for using by citrus 

growers combating ACP infestations. 

 

MATERIALS AND METHODS 

 

The study was carried out in the laboratory of the 

Department of Entomology, University College of 

Agriculture, University of Sargodha (32°08'01'' N 

and 72°41'12'' E), Sargodha, (Punjab, Pakistan). The 

region is characterized by a sub-tropical semi-arid 

climate with mean annual precipitation of 450 mm 

and temperature 23°C (Nasir et al. 2006). The adult 

and nymph populations of ACPs were collected using 

aspirators from the citrus orchards (cv. Kinnow 

mandarin Citrus reticulata var. Blanco) in the 

vicinity of the College and were maintained in 

laboratory at 25 ± 2°C and 65 ± 5% relative humidity 

on caged young potted seedlings of same citrus 
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cultivar up to F3 generation. The commercial 

formulations of the new-chemistry insecticides i.e. 

thiamethoxam (Actara® 25 WG; Syngenta Pakistan), 

spinetoram (Radiant® 120 SC; Dow AgroSciences) 

and spirotetramat (Movento® 240 SC; Bayer 

CropScience) were procured from the authorized and 

authenticated dealers of the local pesticide market. 

 

Table 1 List of insecticide treatments bio-assayed 

against nymphs and adults of Asian citrus psyllid 

(Diaphorina citri) 

Sr. # Treatment Dose rate (g a.i. ha-1) 

1 Thiamethoxam HD 50 

2 Thiamethoxam FD 25 

3 Spinetoram HD 100 

4 Spinetoram FD 50 

5 Spirotetramat HD 96 

6 Spirotetramat FD 48 

FD = Field-recommended dose of insecticide; HD = Half of field-

recommended dose 

 

The bioassays were performed according to standard 

leaf disc dip method as described by Kranthi et al. 

(2002) but with some slight modifications. 

Insecticide solutions were prepared using distilled 

water in disposable plastic cups with two different 

dose rates for each insecticide i.e. field recommended 

dose (FD) and half of it (HD). Control leaf discs were 

treated with distilled water alone. Field recommended 

dose rates for thiamethoxam, spinetoram and 

spirotetramat were 50 g a.i. ha-1, 100 g a.i. ha-1 and 96 

g a.i. ha-1, respectively. The bioassays were laid out 

according to completely randomized design (CRD) 

with six treatments as detailed above in Table 1, and 

each treatment had nine independent replications. 

Leaf discs (60 mm dia.) of kinnow mandarin (Citrus 

reticulata (L.) var. Blanco) were dipped for 10 

second in insecticide solutions and air-dried on towel 

filter paper before transferring them in glass petri-

dishes (60 mm diameter and 9 mm depth). Active 4th 

instar ACP nymphs or freshly molted (less than 12h 

old) adults were anesthetized by collecting them with 

aspirator and putting them on ice for 10 minutes. 

Fifteen ACP adults or nymphs were, then, transferred 

on treated leaf discs in petri-dishes with camel hair 

brush and petri-dishes were then placed at 25 ± 2 °C 

and 65% relative humidity in an environmental 

chamber (Memmert®, Germany) with a 16:8 h light-

dark regime. Mortality of psyllids was observed at 

24, 48 and 72h post treatment. Analysis of data was 

done using STATISTICA (V 8.1) software. Data was 

subjected to one way and two-way factorial analysis 

of variance followed by Tukey’s highly significant 

difference (HSD) test for comparison of means of the 

treatments. 

 

RESULTS AND DISCUSSION 

 

Pesticides with a differential chemistry and mode of 

action than conventional ones is a promising strategy 

to be potentially integrated in different insecticide 

resistance management programs for insect pests of 

economic importance including Asian citrus psyllids 

(Tiwari et al. 2011; Ishaaya and Degheele 2013; 

Boina and Bloomquist 2015). In this laboratory 

study, two bioassays were conducted to investigate 

the efficacy of three novel chemistry insecticides 

against Asian citrus psyllid nymphs and adults. 

 

Mortality of ACP nymphs by insecticides  

Mean percent mortality of ACP nymphs in response 

to different insecticide treatments is given in Figure 

1. For all treatments, nymphal mortality increased 

gradually from 24h to 72h. At 24h post treatments, 

both dose rates of spirotetramat and field dose of 

spinetoram gave the highest and significant mortality 

than half dose of spinetoram and both dose rates of 

thiamethoxam. Same trend was observed in case of 

48h observation. On third day (72h), maximum 

mortality (96%) of ACP nymphs was given by field 

dose of spirotetramat (P < 0.05), followed by its half 

dose (72%) and this insecticide caused psyllids 

mortality significantly different from other two 

insecticides. On overall basis, both dose rates of all 

the three insecticides gave significant mortality of 

ACP nymphs (F6, 182 = 59.0; P < 0.001). Among the 

treatments, spirotetramat caused significant mortality 

of ACP nymphs (P < 0.05) varying form 44% at 24h 

to 96% mortality on 72h observation. Both dose rates 

of thiamethoxam gave minimum mortality of nymph 

psyllids varying in between 20 to 49% for its half and 

field dose rates respectively, while spinetoram 

showed intermediate response and caused 30 and 

55% mortality of ACPs for its half and field dose 

rates, respectively. 

 

Response of ACP adults to insecticides  

Figure 2 represents the mean percent mortality of 

ACP adults in response to different insecticide 

treatments. Same mortality trend was observed in 

case of ACP adults as nymphs. For all treatments, 

adult psyllids’ mortality increased gradually from 

24h to 72h. At 24h post treatment, maximum 

mortality of ACP adults was caused by field doses of 

all three insecticides without any significant 

difference. At 48h observation, maximum mortality 

(58.4%) was observed for field dose of spirotetramat 

(P < 0.05), followed by its half dose and both doses 

of spinetoram, while the minimum mortality was 

caused by half dose of thiamethoxam. At 72 h post   
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Figure 1 Efficacy of three novel chemistry insecticides against nymphs of Asian citrus psyllid Diaphorina citri 

Kuwayama 1907 (Hemiptera: Psyllidae). Columns represent means ± standard error (n = 9). Different small and capital 

letters over bars signify statistical difference, respectively among treatments for each observation time (ANOVA; P ≤ 0.05), and 

among treatments (2-Factor ANOVA; P ≤ 0.05). FD = field recommended dose; HD = half of field-recommended dose 

 

 

 

Figure 2 Efficacy of three novel chemistry insecticides against adults of Asian citrus psyllid Diaphorina citri 

Kuwayama 1907 (Hemiptera: Psyllidae). Columns represent means ± standard error (n = 9). Different small and capital 

letters over bars signify statistical difference, respectively among treatments for each observation time (ANOVA; P ≤ 0.05), and 

among treatments (2-Factor ANOVA; P ≤ 0.05). FD = field recommended dose; HD = half of field-recommended dose 
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treatment, almost same mortality trend was observed 

i.e. field dose of spirotetramat gave the highest and 

significant mortality of ACP adults (P < 0.05), 

followed by its half dose and field dose rate of 

thiamethoxam. Spinetoram and half dose rate of 

thiamethoxam gave minimum mortality. On overall 

basis, both dose rates of all the three insecticides 

gave significant mortality of ACP adults (F6, 182 = 

38.7; P < 0.001). Among the treatments, 

spirotetramat caused significant mortality of ACP 

adults (P < 0.05) varying form 40% at 24h to 97% 

mortality on 72h observation. Both dose rates of 

spinetoram gave minimum mortality of adult psyllids 

varying in between 24 to 54% for its half and field 

dose rates respectively, while thiamethoxam showed 

intermediate response and caused the mortality of 

ACPs averaging between 25 and 60% for its half and 

field dose rates, respectively. 

There was no psyllid mortality in control petri-

dishes. Spirotetramat (Movento®) exhibited the 

maximum and significant mortality of ACP adults 

and nymphs (P < 0.05), followed spinetoram 

(Radiant®) and thiamethoxam (Actara®). In general, 

all insecticides exhibited higher efficacy against ACP 

nymphs than adults. Similar results are reported by 

Srinivasan et al. (2008) and Page-Weir et al. (2011) 

because nymphs are less agile and prone to be more 

quickly targeted by contact or systemic insecticides 

as compared to adult psyllids.  

Among the three insecticides tested, 

spirotetramat remained the most effective against 

psyllids causing more than 95% mortality of psyllids 

within three days of application. These results are in 

line with the findings of many previous studies which 

demonstrated the efficiency of spirotetramat not only 

against citrus psyllids (Stansly and Qureshi 2007; 

Khan et al. 2013) but also against potato psyllids, 

Bactericera cockerelli (Page-Weir et al. 2011), pear 

psyllids, Psylla pyri (Brück et al. 2009) and other 

sucking insect pests including whiteflies and aphids 

(Nauen et al. 2008; Prabhaker et al. 2014), mealybugs 

(Kumar et al. 2008; Hara et al. 2011) and mites 

(Baochun 2011; Marcic et al. 2012). 
Both of other insecticides i.e. thiamethoxam and 

spinetoram also caused significant mortality of 

psyllids but less than that of spirotetramat. One of the 

reasons for the low mortality of psyllids by these 

insecticides could be the field attained resistance 

(Tiwari et al. 2011) because these insecticides were 

released for commercial usage in 1998 and 2006, 

respectively, as compared to spirotetramat which was 

released in 2008. Both of these insecticides have been 

widely and heavily used in the area of study against a 

large number of insect pests including citrus psyllids 

(Ahmad and Akhtar 2013; Khan et al. 2013; Naeem 

et al. 2016). Moreover, psyllids and other sucking 

insect pests are likely to develop resistance against 

neonicotinoids, including thiamethoxam, more 

quickly than other groups of insecticides (Hall et al. 

2013; Quarles 2013). Other reason may be the 

differential mode of action of thiamethoxam, 

spinetoram and spirotetramat. Former two 

insecticides have nerve action and inhibit nicotinic 

acetylcholine receptors (Millar and Denholm 2007), 

while the latter one actually inhibited the acetyl CoA 

carboxylase (ACC) enzyme, and ultimately effected 

the lipid bio-synethesis and normal growth regulation 

(Fishel 2008; Lümmen et al. 2014). 

 

CONCLUSION 

 

Spirotetramat was more effective at its both 

recommended and half doses, and exhibited more 

efficacy against both nymph and adult psyllids than 

spinetoram and thiamethoxam. It could be 

recommended to consider as potential biorational 

pesticide in future integrated pest management 

strategies against sucking insect pests as Asian citrus 

psyllids. However, further experimentation under 

field conditions is required to determine in-situ 

response of indigenous insect pests towards 

spirotetramat, and to monitor field-evolved resistance 

in these pest populations. 
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