
 

 

 

INTRODUCTION 

 

Phytophagous mites (eriophyid and tetranychid mites) cause 

immense economic loss to many crop species worldwide 

(Zhang, 2003). The family Eriophyidae (rust and gall mites) 

encompasses the smallest terrestrial animals on earth, of 

which adults reach a length of about 110–150μm. Their 

feeding activities invoke a response from the plant that often 

results in the formation of rust (Walter and Proctor, 1999; 

Glas et al., 2011). Most species are monophagous, whereas 

many species are limited to plant species within a single 

genus, with few exceptions (Zhang, 2003). The tomato russet 

mite, Aculops lycopersici, is considered an important pest 

specific to tomato plants (Solanum lycopersicum L.), as it can 

cause serious damage to them. Its infestations cause 

deformation of leaves, petioles, stems, flower and fruits (Kim 

et al., 2002). Family Tetranychidae contains the most 

important phytophagous mite pests. The two-spotted spider 

mite, Tetranychus urticae, is one of the most serious 

damaging pests’ worldwide (Jepson et al., 1975). Indeed, this 

species has been recorded feeding on approximately 3,877 

described plant species (Migeon and Dorkeld, 2008).  

Most currently used acaricides usually contain organic 

solvents that are expensive, flammable, and toxic. To address 

these challenges, new formulations based on micro- and nano-

emulsions were introduced with the capability to provide NPs 

in sizes from 30 to 100nm (Knowles, 2009; Athanassiou et 

al., 2018). The basis of the 100nm limit is the actuality that 

unique characteristics that differentiate particles from the bulk 

material typically develop at a critical size of below 100nm. 

The chemical composition, shape and size are key parameters, 

which define many outstanding characteristics of these 

materials relevant for their use in acaricide applications, 

including toxicity (Athanassiou et al., 2018). Despite the fact 

that there are several alternative methods available to control 

pest populations, most that can hold densities under threshold 

levels have relied on chemical programs. However, residual 

effects, environmental contamination, mammalian toxicity 
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Silver Nanoparticles (AgNP) have become one of the most promising approaches for pest control in recent years. The present 

study aimed to evaluate the effects of silver nanoparticles on all stages of eriophyid mite, the tomato russet mite, Aculops 

lycopersici (Massee) (Acari: Eriophyidae) and tetranychid mite, the two-spotted spider mite, Tetranychus urticae Koch (Acari: 

Tetranychidae). This includes its impacts on phytoseiid predators, Euseius scutalis (Athias-Henriot) and Neosiulus cucumeris 

Oudemans (Acari: Phytoseiidae), on tomato plants under greenhouse conditions. Four different concentrations of silver 

nanoparticles (53.94, 107.88, 161.82 and 215.76ppm) as well as the control (well water) were examined. The obtained results 

indicated that the mortality percentage of both phytophagous and predatory mites were associated with an increase of the 

concentrations of silver nanoparticles. Silver nanoparticles were found to be significantly effective in killing A. lycopersici and 

T. urticae with minimal effects on E. scutalis and N. cucumeris. The mortality percentage was 20.88, 45.34, 72.80 and 93.37% 

for A. lycopersici and 18.99, 42.69, 73.21 and 85.21% for T. urticae while the mortality percentage was 2.39, 8.66, 17.48 and 

23.77% for E. scutalis and 4.43, 12.71, 14.42 and 19.95% for N. cucumeris one week after exposure to 53.94, 107.88, 161.82 

and 215.76ppm of silver nanoparticles, respectively. Moreover, the findings showed that silver nanoparticles caused a reduction 

in the percentage of eggs hatching. The percentages of larvae hatching from eggs were 68.11, 49.73, 34.55 and 20.36% for A. 

lycopersici and 79.20, 64.36, 43.30 and 30.29% for T. urticae one week after exposure to silver nanoparticles at 53.94, 107.88, 

161.82 and 215.76ppm, respectively, compared with the control (well water). This research proved that the implementation of 

silver nanoparticles at low dosages could reduce the population of phytophagous mites associated with tomato plants, with low 

detrimental effects on non-target mites. 
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and the resistance of many pests are a growing concern, 

making other control methods necessary (Stumpf et al., 

2001).  

Nanoparticles are considered an innovative and safe 

alternative approach to control pests compared with chemical 

pesticides (Chinnamuthu and Boopathi, 2009). In many 

regions, there is an attempt to switch over from chemical-

based agriculture to green agriculture, which includes the 

utilization of pesticides derived from natural materials such 

as plants, animals, bacteria, certainminerals (De et al., 2014). 

Quite recently, biological nanomaterials have taken a vast role 

in pest management (De et al., 2014). In the last decade, 

particular attention has been paid to other management 

strategies such as nanotechnology (Jalalizand et al., 2013). 

The toxicity of nanomaterials to microorganisms and its 

characterization was simple and reliable (Chokriwal et al., 

2014). There are several nanomaterials that have shown 

insecticidal efficacy, such as silver nanoparticles (AgNP), 

zinc oxide (ZNP) (ZnO), titanium oxide (TNP) (TiO2), 

nanostructured alumina (NSA) and aluminum oxide (ANP) 

(Velusamy et al., 2015; AbdEl-Raheem et al., 2016; Stadler 

et al., 2012). For example, silver nanoparticles have long been 

known for their antibacterial (Gavanji et al., 2013), antifungal 

(Niuet et al., 1993), anti-viral (Galdiero et al., 2011) and anti-

inflammatory properties (Aparna Mani et al., 2015) and non-

toxicity to humans and the environment (Kah et al., 2013). In 

addition, nanoparticles can help to produce new insecticides 

(Rouhani et al., 2013) as well as insect repellants (Owolade et 

al., 2008). Moreover, nowadays nano-silver is used in 

controlling different plant pathogens in a relatively safer way 

compared to chemical fungicides (Park et al., 2006). This 

broad nanoacaricide study is expected to address the main 

limitations of the existing integrated pest management 

strategies and provides new advanced nano-based 

formulations that remain stable and active in the target 

environment (i.e. not heavily affected by rain, heat, and sun 

rays), penetrate the target organism (mite), remain harmless 

to plants, natural enemies and mammals, and are cost 

effective to formulate and manufacture (Benelli, 2016). 

Jalalizand et al. (2013) investigated the effect of silver 

nanoparticles on T. urticae by using two different methods 

(leaf spray and leaf dipping) under laboratory conditions. 

However, up to this date no study has examined the potential 

effects of silver nanoparticles on A. lycopersici and T. urticae, 

including its secondary impact on phytoseiid predators, E. 

scutalis and N. cucumeris, on tomato plants under greenhouse 

conditions in Saudi Arabia or anywhere else.   

In establishing eco-friendly control measures, the efficacy of 

silver nanoparticles was evaluated to control A. lycopersici 

and T. urticae, including their impact on phytoseiid predators 

E scutalis and N. cucumeris. 

 

MATERIALS AND METHODS 

 

Experimental Protocol: This experiment was conducted in 

the Qassim region at the Experimental Research Station, 

Qassim University, Saudi Arabia under greenhouse 

conditions during October 2018 in a tomato (Solanum 

lycopersicum L. cv. Pritchard) greenhouse with a history of 

A. lycopersici and T. urticae infestations. Four different 

concentrations (53.94, 107.88, 161.82 and 215.76ppm) of 

silver nanoparticles were tested on all moving stages and eggs 

of A. lycopersici and T. urticae and compared with the control 

(well water), as well as their side effects on the phytoseiid 

predators E. scutalis and N. cucumeris. An area of about 15m2 

was chosen and divided into five plots; the area of each plot 

was about 3m2 with two rows. The design of the trial was 

arranged in a complete randomized block design system with 

three replicates. All cultivation, fertilization and irrigation 

were performed as generally practiced. Other cultural 

treatments were done whenever it was necessary. Ten tomato 

leaves from each treatment area were randomly collected 

from all directions, kept in polyethylene bags and inspected 

under a binocular microscope in the laboratory to determine 

the initial density and distribution of phytophagous mites A. 

lycopersici and T. urticae (moving stages and eggs) and 

predacious mites E. scutalis and N. cucumeris (moving stages 

and eggs) as a pre-spray count. Direct observations were 

made one week after the application of the four silver 

nanoparticle concentrations by using a binocular microscope 

to determine the percentage reduction in the population of 

phytophagous and predaceous mites on the tomato plants after 

spraying.  

Synthesis of silver Nanoparticles: Silver nanoparticles were 

synthesized using the method described by Lee and Meisel, 

1982. To a 500ml stirred solution of silver nitrate (215ppm), 

ten ml of 1% sodium tricitrate aqueous solution was added 

dropwise. The mixture was heated to boil for 15 minutes and 

left to cool down under stirring to produce a greenish-gray 

suspension of nanoparticles. The diameters of the formed 

nanoparticles were determined by using a laser particle size 

analyzer (S3500 bluwaveMictotrac, USA). The average size 

was 43nm. 

Statistical analysis: The percentage reduction in the average 

populations of A. lycopersici and T. urticae and of the 

predatory mites’ E. scutalis and N. cucumeris were calculated 

using the equation of Henderson and Tilton (1955). 

Corrected (%)  =  (1-
n in Co before treat. ×  n in T after treat.

n in Co after treat. ×  n in T before treat.
) ∗ 100 

Where: n = number of mite population, T= treated, C = control. 
The Microsoft Excel program was used to calculate the 

average percentage of the number of larvae hatching from 

eggs. The difference between means was also conducted by 

using Duncan's Multiple Range Test (DMRT) in this 

program. 
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RESULTS 

 

The obtained results provided important information 

regarding the effectiveness of silver nanoparticles against all 

stages of A. lycopersici and T. urticae, including eggs, while 

showing little effect on the mortality of the associated 

predacious mites E. scutalis and N. cucumeris.  

The mortality percentage was 20.88, 72.80, 45.34 and 93.37% 

for A. lycopersici and 18.99, 42.69, 73.21 and 85.21% for T. 

urticae, whereas the mortality percentage was 2.39, 8.66, 

17.48 and 23.77% for E. scutalis and 4.43, 12.71, 14.42 and 

19.95% for N. cucumeris one week after exposure to 53.94, 

107.88, 161.82 and 215.76ppm of silver nanoparticles, 

respectively, compared with the control (well water) (Table 1 

and 2). The maximum mortality percentage was 93.30% for 

A. lycopersici and 85.20% for T. urticae, both obtained at 

215.76ppm of silver nanoparticles two days after exposure, 

whereas with other concentrations, the mortality increased 

with time. Substantial differences were found between the 

means for plots treated with 215.76ppm of silver 

nanoparticles and other concentrations. Moreover, 

215.76ppm had the strongest effect, followed by 161.82, 

107.88 and 53.94ppm of silver nanoparticles against A. 

lycopersici and T.urticae. The four concentrations of silver 

nanoparticles were also found to be less toxic to E. scutalis 

and N. cucumeris compared with A. lycopersici and T. urticae 

one week after application. The mortality percentage of E. 

scutalis and N. cucumeris resulting from silver nanoparticles 

applied at concentrations of 53.94, 107.88, 161.82 and 

215.76ppm did not exceed a low toxicity of 25% (referring to 

the International Organization for Biological and Integrated 

Control (IOBC) classification on the toxicity to non-target 

organisms). Generally, the applied silver nanoparticles 

showed a lower toxicity and appeared to be selective to both 

predatory mite species E. scutalis and N. cucumeris under 

greenhouse conditions. In addition, the obtained results 

indicate that silver nanoparticles are the most promising 

control agent against A. lycopersici and T. urticae on tomato 

plants (93.30% and 85.20%). A. lycopersici seems to be more 

sensitive to silver nanoparticles than T. urticae at all 

concentrations used. However, it was slightly toxic by contact 

to E. scutalis and N. cucumeris (23.77 % and 19.95%). 

Clearly, silver nanoparticles not only kill A. lycopersici and 

T. urticae but can also induce malformation of the eggs, which 

resulted in changing them from white to light gray. This 

includes that the adult mites appeared totally bleached and 

died three days after treatment. Furthermore, the obtained 

results showed that silver nanoparticles cause the reduction in 

the percentage of eggs hatching. The percentages of larvae 

hatching from eggs were 68.11, 49.73, 34.55 and 20.36% for 

A. lycopersici and 79.20, 64.36, 43.30 and 30.29% for T. 

urticae at 53.94, 107.88, 161.82 and 215.76ppm, respectively, 

Table 1. Effect of four concentrations of silver nanoparticles on A. lycopersici and T. urticae infested tomato plants 

under greenhouse conditions. 

Concentration 

(ppm) 

No. of mites/leaf 

A. lycopersici T. urticae 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

%** 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

%** 

Control 70.28 70.02 0.00 A 39.56 39.51 0.00 A 

53.94 67.87 53.50 20.88 Ba 39.33 31.82 18.99 Ba 

107.88 53.66 29.22 45.34 Cb 44.46 25.45 42.69 Cb 

161.82 65.28 17.69 72.80 Dc 32.66 8.74 73.21 Dc 

215.76 77.17 5.10 93.37 Ed 38.33 5.66 85.21 Ed 
*Counts made one-week post treatment. **Mortality values calculated with the Henderson-Tilton’s equation. The capital letter denotes 

the significance within the same column and small letter denotes the significance within the same row at P>0.05. 

 

Table 2. Corrected percentage mortality of the predatory mite, E.scutalis and N.cucumeris associated with tomato 

plants treated with silver nanoparticles under greenhouse conditions. 

Concentration 

(ppm) 

No. of predatory mites/leaf 

E. scutalis N. cucumeris 

Pre-spray 

count 

Average post-

spray count* 

Reduction 

(%)** 

Pre-spray 

count 

Average post-

spray count* 

Reduction 

(%)** 

Control 6.95 6.87 0.00 A 7.00 6.98 0.00 A 

53.94 7.12 6.87 2.39 Ba 6.80 6.48 4.43 Ba 

107.88 7.00 6.32 8.66 Cb 6.79 5.91 12.71 Cc 

161.82 6.89 5.62 17.48 Dc 6.75 5.76 14.42 Bc 

215.76 7.06 5.32 23.77 Ed 6.69 5.34 19.95 Ee 
*Counts made one-week post treatment. **Mortality values calculated with the Henderson-Tilton’s equation. The capital letter denotes 

the significance within the same column and small letter denotes the significance within the same row at P>0.05.  
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of silver nanoparticles one week after treatment compared 

with the control (well water) (Table 3). 

 

DISCUSSION 

 

Management of mites associated with tomato plants in 

greenhouses traditionally depends on the use of synthetic 

acaricides although long term application of these chemicals 

develops resistance to acaricides (Al-Azzazy and 

Alhewairini, 2018). Compared with other conventional 

formulations, nanoparticles provide numerous advantages, 

including reduced handler toxicity, improved stability, 

reduced low flammability and, most importantly, enhanced 

efficacy due to improved penetration or uptake resulting from 

the high solubilizing power of surfactants (Green and 

Beestman, 2007; Knowles, 2009). However, several previous 

study efforts have been conducted on various metal 

nanomaterials that exhibit insecticidal characteristics 

themselves in order to enhance the potential tools for 

alternative and effective control not only of agricultural pests 

but also of pests that are related with human and animal 

health. These materials have been synthesized either 

exclusively chemically or by involving living organisms 

(Dubey et al., 2009). For example, AbdEl-Raheem et al. 

(2016) found that almost 100% mortality of the German 

cockroach, Blattella germanica (L.) (Dictyoptera: 

Blattellidae) was achieved in both immature and adult stages 

treated with 300ppm of silver nanoparticles 72h after 

exposure. Rouhani et al. (2013) reported that 100% mortality 

of the cowpea seed beetle, Callosobruchus maculatus (F.) 

(Col.: Bruchidae), was achieved in both adults and larvae on 

cowpea seed treated with three doses of silver nanoparticles 

(1, 1.5 and 2g kg -1) after 14 days for adults and 48 hours for 

larvae stages. Stadler et al. (2012) documented that 

approximately 95% mortality of adults of Rhyzopertha 

dominica and Sitophilus oryzae in wheat was achieved at 

1000ppm of NSA dust only three days after exposure.  

A quite recent publication demonstrated that silver 

nanoparticles can effectively kill T. urticae using two 

different methods (leaf spray and leaf dipping) under 

laboratory conditions (Jalalizand et al., 2013). They used a 

much higher concentration range (2.5 to 3000ppm) than used 

in this study, although they documented that >50% mortality 

of T. urticae was achieved at 100ppm of silver nanoparticles. 

Thus, it can be argued that as it is not clear from the paper 

whether these authors considered the side effect of higher 

concentrations of silver nanoparticles on natural enemies and 

treated plants as the obtained results showed that silver 

nanoparticles can cause a mortality of 23.77% for E. scutalis 

and 19.95% for N. cucumeris at 215.76ppm. Therefore, the 

use of such high concentrations of silver nanoparticles must 

be justified.  

Kashyap et al. (2014) found that azadirachtin, spiromesifen, 

mineral oil, hexythiazox and abamectin can effectively kill 

more than 99% of the population of T. urticae. Shah and 

Shukla (2014) documented that abamectin can decrease the 

population of T. urticae to 81.4% on gerbera plants under 

polyhouse conditions one week after application. Bernardi et 

al. (2012) reported that abamectin and azadirachtin produced 

mortalities of 79 and 97%, respectively, 72h after exposure. 

However, abamectin was found to be highly toxic in both 

predatory mites (N. californicus and P. macropilis) as it 

produced mortalities of 60 and 85% after 72h, respectively, 

whereas azadirachtin was less toxic and produced a mortality 

of 7% in both predatory mites.  

In comparison with the above, the mortality percentage was 

20.88, 45.34, 72.80 and 93.37% for A. lycopersici and 18.99, 

42.69, 73.21 and 85.21% for T. urticae, whereas the mortality 

percentage was 2.39, 8.66, 17.48 and 23.77% of E. scutalis 

and 4.43, 12.71, 14.42 and 19.95% for N. cucumeris one week 

after exposure to 53.94, 107.88, 161.82 and 215.76ppm, 

respectively, of silver nanoparticles compared with the 

control (well water) (Table 1 and 2).  

The obtained results showed that both A. lycopersici and T. 

urticae were susceptible to silver nanoparticles with little side 

effect on their predatory mites. However, A. lycopersici was 

more sensitive to silver nanoparticles than T. urticae, as the 

latter showed a lower mortality percentage in all 

Table 3. Number of larvae hatching from eggs of A. lycopersici and T. urticae treated with four concentrations of 

silver nanoparticles under greenhouse conditions. 

Concentration 

(ppm) 

No. of eggs and larvae /leaf 

A. lycopersici T. urticae 

No. of eggs 

pre-spray count 

Average number 

of larvae post-

spray count* 

Hatching 

(%) ** 

No. of eggs 

pre-spray 

count 

Average number 

of larvae post-

spray count* 

Hatching 

(%) ** 

Control 47.88 48.00 0.00 a 17.21 17.20 0.00 a 

53.94 48.29 32.89 68.11 b 16.59 13.14 79.20 b 

107.88 53.37 26.54 49.73 c 17.02 10.24 60.16 c 

161.82 45.58 15.75 34.55 d 15.68 6.79 43.30 d 

215.76 49.26 10.03 20.36 e 16.77 5.08 30.29 e 
*Counts made one-week post treatment. ** Hatching percentage calculated with Microsoft Excel program. Mean followed by the 

different letter in a column are significantly different from each other at P<0.05. 
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concentrations tested. This finding was consistent with 

previous studies, as A. lycopersici was also found to be more 

sensitive to Huwa-San TR50 than T. urticae (Alhewairini and 

Al-Azzazy, 2018; Alazzazy and Alhewairini, 2018).  

The mode of action of silver nanoparticles is based on the 

influence of the activity of selenium dependent proteins, 

namely thioredoxin reductase (TxR) that is involved with 

mitochondrial antioxidant defense system (Srivastava et al., 

2012). Thus, the picture is now slowly emerging to help 

understand the mechanism of AgNP action on various 

biological processes.  

 

Conclusion: This study showed that silver nanoparticles have 

a safety profile when compared with other acaricides as it 

spared a reasonable number of predatory mites. Hence, silver 

nanoparticles would be eco-friendly components for 

controlling mites in an Integrated Pest Management (IPM) 

strategy. This field comprises broad research aspects 

including study to gain a fundamental understanding of the 

interaction between nanoscale materials and mites and the 

development of Nano pesticide formulations using 

nanoparticles as active acaricide agents. 
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