
 

 

 

INTRODUCTION 

 

The date palm (Phoenix dactylifera L.) is one of the oldest 

fruit crops cultivated in the Middle East and many other 

countries. The fruits of date palm and their by-products have 

contributed to the food security and livelihoods of population 

in the region for over 5000 years (FAOSTAT, 2018). 

Globally, date palm production covers an area of 1,092,104 

hectares with a total production of 8,526,218 MT. Its 

cultivation expands to Asia, Africa, Europe and America 

(FAOSTAT, 2018). In Saudi Arabia there are more than 23 

million date palm trees cultivated on an area of 150,744 

hectares producing 970,488 MT and around 320 varieties of 

the fruit annually (Alhudaib et al., 2007). In 2006, the 

Kingdom of Saudi Arabia became the world's second largest 

producer of dates, supplying 17.6% of the world market 

(FAOSTAT, 2009). However, this production started to 

decline due to rapidly increasing pests and diseases. El-Shafie 

et al. (2017) listed out 132 species of mites and insects in 

association with date palm trees. Eleven species of spider 

mites (Tetranychidae) have been reported so far from date 

palms, out of which two species, O. afrasiaticus (McGregor) 

and the Banks grass mite, O. pratensis are considered as most 

damaging to date palm trees (Al-Atawi 2011; Negm et al., 

2015). Recently, E. palmatus Attiah has been reported as a 

pest of date palms in Israel (Palevsky et al., 2010).  

The genus Eutetryanchus belongs to the community of 

Eurytetranychini Reck of the sub-family Tetranychinae 

(Banks, 1917; McGregor, 1950). It includes 34 species, 

mostly reported from Africa and Asia (Migeon and Dorkeld, 

2006–2017). Only four Eutetranychus species viz. E. 

africanus (Tucker), E. banksi, E. orientalis and E. palmatus 

have been reported from Saudi Arabia so far (Al-Atawi, 

2011). 

Until now, elimination of the date palm mites has been a 

serious issue because pesticides used against pests result in 

the development of immunity and the recommended dosage 

becomes useless. Overuse of the acaricides results in 

deposition of pesticide traces on the fruit that makes it unfit 

for eating and export, causing great economic loss. Chemical 

control of date palm mites is therefore a failed strategy and 

biological control or integrated pest management system is 

not free of risks (Carruthers and D’Antonio, 2005). Growers 

across the globe are looking toward the agricultural 

researchers for the safe and effective tools against date palm 

mites to protect this traditional and foreign exchange earning 
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In this study, cinnamaldehyde, has been used systematically as an acaricide against two mites; Oligonychus afrasiaticus 

(McGregor) and Eutetranychus palmatus Attiah infesting date palm trees in Saudi Arabia. Samples were collected from highly 

pest ridden trees in Al-Mulida area, situated in the region of Qassim. Trials were made under field and laboratory conditions. 

Six dilutions 500, 1000, 1500, 2000, 2500 and 3000 ppm were prepared and applied on over filter papers in petri dishes. 

Mortality data was recorded after regular intervals of a day till seven days of post-treatment application. Highest mortality 

values of the mites; O. afrasiaticus and E. palmatus were 90.84% and 88.64% under field conditions and 93.45% and 90.26%, 

under laboratory conditions respectively at the concentration of 3000 ppm. Mortality was found to be 2.44, 4.88, 6.12, 10.92, 

11.59 and 23.05% at cinnamaldehyde concentrations of 500, 1000, 1500, 2000, 2500 and 3000 ppm respectively in case of N. 

barkeri under field conditions. When same concentrations were applied to A. swirskii the mortality was recorded as1.24, 4.88, 

10.20, 13.57, 14.84 and 25.36%, respectively. Observed mortalities in case of both predatory mites were almost the same under 

laboratory conditions with the marginal difference of ±3%. Based upon successful trials, cinnamaldehyde can be viewed as a 

prospective substitute of chemical acaricides in near future.  

Keywords: Cinnamaldehyde, Toxicity, Oligonychus afrasiaticus, Eutetranychus palmatus, Mortality. 



Alhewairini, Al-Azzazy, Ghani & Al-Deghairi 

 784 

fruit crop in Saudi Arabia and many other countries (Nychas 

and Skandamis, 2003). 

There is a long history of the use of some spices and their oils 

as a preservative of food, flavoring and antimicrobial agents 

that are accredited to their aromatic constituents like 

cinnamaldehyde, eugenol and carvacrol (Alexander and 

Richard, 2004). 

To avoid the huge volumes of spices to be used as acaricides, 

it has been proposed that extracted active components and 

their derived compounds should be applied (Adams and Smid, 

2003; Roller and Board, 2003). Traditionally, 

cinnamaldehyde has been used as a fungicide. Its low toxicity 

and well-known properties make it ideal for agriculture use 

(Gomes et al., 2011). Cinnamaldehyde is an effective 

insecticide, and its scent is also known to repel animals, such 

as cats and dogs. It has recently been recognized as an 

effective insecticide for mosquito larva. At the concentration 

of 29 ppm, cinnamaldehyde kills half of Aedes 

aegypti mosquito larvae in 24 hours (Cheng et al., 2004).  

Cinnamaldehyde is extracted from cinnamon essential oil and 

it was synthesized in the laboratory for the first time by 

Chiozza in 1854 (Cocchiara et al., 2005). Cinnamon is the 

inner bark of trees that belong to the genus Cinnamomum and 

is used as a flavouring agent in both candied and mellow 

foods (Cheng et al., 2004). Cinnamaldehyde is also known as 

β-phenylacrolein, due to its planar structure and consists of a 

large number of π bonds (He and Li, 2008).  

Literature studies indicate that cinnamaldehyde has never 

been tested or used in controlling date palm pests although it 

has insecticidal and antimicrobial properties (Jakhetia et al., 

2010). Present study was carried out to evaluate the efficacy 

of cinnamaldehyde against date palm mites, O. afrasiaticus 

(McGregor) and E. palmatus Attiah (Acari:Tetranychidae) 

under laboratory and field conditions. 

 

MATERIALS AND METHODS  

 

Eperiment protocol: Cinnamaldehyde 1.6% (Nema Free) was 

purchased from Astra Company. The stock solution of 

cinnamaldehyde 1.6% was diluted with distilled water to give 

six serial concentrations 500, 1000, 1500, 2000, 2500 and 

3000 ppm. The experiments were performed during May – 

June, 2020 under laboratory and field conditions. The 

identification of O. afrasiaticus (McGregor), E. palmatus 

Attiah, N. barkeri Hughes and A. swirskii Athias-Henriot 

were made according to keys as described by Attiah (1967); 

Meyer (1987); Chant and McMurtry (2003; 2004; 2005; 

2007) and Al-Atawi (2011). 

Field experiment: Field experiment was conducted during 

June, 2020 at the Agricultural Research Station, College of 

Agriculture and Veterinary Medicine, Qassim University, Al-

Mulida district (26.3489° N, 43.7668° E), Saudi Arabia, in 

date palm orchard (P. dactylifera L. cv. Sukkari) with a 

history of O. afrasiaticus and E. palmatus infestations. Six 

different concentrations (500, 1000, 1500, 2000, 2500 and 

3000 ppm) of cinnamaldehyde (1.6%) were tested on all 

moving stages of O. afrasiaticus and E. palmatus and 

compared with the control (well water), as well as their side 

effects on the phytoseiid predators N. barkeri and A. swirskii. 

The experiments were performed in a randomized complete 

block design for three replicates (three date palm trees) for 

each concentration and control treated with well water. The 

trees were sprayed by using pesticide sprayer pump (20 L). A 

pre-spray count sample was made on each replicate before 

cinnamaldehyde applications, which were carried out on the 

same day. Ten date fruits from each treatment (concentration) 

were randomly collected from each infested bunch of the date 

palm, kept in polyethylene bags and inspected by 

stereomicroscope (SD30, Olympus, Japan) in the acarology 

laboratory to determine the initial density and distribution of 

phytophagous mites O. afrasiaticus and E. palmatus (moving 

stages) and predacious mites N. barkeri and A. swirskii 

(moving stages) as a pre-spray count. The number of dead 

mites was counted after 1, 2, 3 and 7th day of the application 

six concentrations of cinnamaldehyde as compared to the 

control which was sprayed with distilled water. including 

control (distilled water).  

Laboratory experiment: Non-treated date fruit from a heavily 

infested farm by the date palm mite, O. afrasiaticus and E. 

palmatus were randomly collected in Al-Mulida area, 

Qassim, Saudi Arabia. 20 fruit bunches were diagnosed with 

the infestation of the date palm mite and between 3 and 5 

spikelets were collected from each infested bunch of date 

palm cultivar (Sukkari). The date fruits collection was 

arranged in a randomized complete block design. The 

collected date fruits were carefully placed into a clean plastic 

container and immediately transported to the laboratory 

(25±2ºC and 60% relative humidity) at the Acarology 

laboratory, Department of Plant Production and Protection, 

College of Agriculture and Veterinary Medicine, Qassim 

University for experimental trials. Thereafter, collected date 

fruits were detached from spikelet by using a small scalpel 

and tong to avoid touching the date fruits which might disturb 

their population. Detached date fruits were divided into a Petri 

dish (12cm) (a clean filter paper was used as a background) 

10 date fruits /six concentrations of cinnamaldehyde: 500, 

1000, 1500, 2000, 2500 and 3000 ppm including control 

(distilled water) with 10 replicates. The number of 

phytophagous and predatory mites were manually counted 

using a direct observation, to determine pre-spray counts. 

Cinnamaldehyde was then directly sprayed to each Petri dish 

by using a small sprayer (0.5L). Thereafter, observations of 

dead mites were recorded. This recording was made after 1, 

2, 3 and one week of the application of six concentrations of 

cinnamaldehyde mentioned above including control (distilled 

water), to determine post-spray counts. 

Statistical analysis: The equation of Henderson and Tilton 

(1955) was used to calculate the reduction percentages of the 



Attiah (acari:tetranychidae) using cinnamaldehyde 

 785 

average population number of the phytophagous and 

predatory mites. 

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

n in Co after treatment × n in T before treatment
)*100 

Where, n = Number of mite population, T = Treated, Co = Control 

The mortalities of the phytophagous and predatory mites were 

calculated manually by direct observation. Thereafter, 

Microsoft Excel Program was used to calculate the average of 

obtained data. Statistically, all variables of the obtained data 

were analyzed using One-way analysis of variance 

(ANOVA).  

 

RESULTS  

 

 Mortality trails of cinnamaldehyde on Date Palm mite, 

O. afrasiaticus: Dilutions of 1.6% cinnamaldehyde were 

applied on mites O. afrasiaticus and the effect of spray was 

observed in terms of reduction in number of the mites under 

field and laboratory conditions. Table 1, shows average pre 

spray count, average post spray count and percentage 

reduction, as calculated by using the equation of Henderson 

and Tilton. Under field conditions, the highest mortality of 

90.84% was observed at cinnamaldehyde concentration of 

3000 ppm. At applied concentrations of 500, 1000, 1500, 

2000 to 2500 ppm there was a gradual increase in mortality; 

24.73, 39.78, 55.37, 69.44 and 83.97%, respectively. 

However, only 7 % increase in mortality was observed when 

concentration was increased from 2500 to 3000 ppm. 

Similarly, under laboratory conditions there was a gradual 

increase in mortality when the same concentrations were 

applied (Table 1). Highest mortality of 93.45% could be 

achieved at applied concentration of 3000 ppm and there was 

only 8% increase in mortality when concentration of 

cinnamaldehyde was increased from 2500 to 3000 ppm.  

Mortality trials of cinnamaldehyde on spider mite E. 

palmatusi:Dilutions of 1.6% cinnamaldehyde were applied 

on second selected mite E. palmatus also and the effect of 

spray was calculated in terms of reduction in number of the 

mites under field and laboratory conditions. Table 2, shows 

the average pre spray count, the average post spray count and 

the percentage reduction, as calculated by using the equation 

of Henderson and Tilton. Under field conditions, at applied 

concentrations of 500, 1000, 1500, 2000, 2500 and 3000 ppm, 

mortalities were found to be 26.64, 40.48, 57.00, 71.69, 84.59 

Table 1. Corrected mortality (%age calculated with Henderson-Tilton equation) of the date palm mite, Oligonychus 

afrasiaticus treated with six concentrations of cinnamaldehyde under field and laboratory conditions.  

Concentration 

(ppm) 

No. of mites/fruit 

Under field conditions Under laboratory conditions 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Control 42.40 41.20 0.00 a 50.80 49.10 0.00 a 

500 44.50 32.70 24.73 b 47.30 32.20 29.57 b 

1000 52.90 31.10 39.78 c 53.90 30.40 41.65 c 

1500 39.70 17.30 55.37 d 60.50 23.90 59.13 d 

2000 

2500 

3000 

56.30 

42.80 

31.20 

16.80 

6.70 

2.90 

69.44 e 

83.97 f 

90.84 f 

37.40 

50.60 

47.40 

10.30 

7.10 

3.00 

71.51 e 

85.48 f 

93.45 f 
*Counts made 1, 2, 3 days and one-week post treatment, Different letters in the vertical columns denote significant difference, (F-test, P 

< 0.05). 

 

Table 2. Corrected mortality (in % calculated with Henderson-Tilton equation) of the spider mite, Eutetranychus 

palmatus treated with six concentrations of cinnamaldehyde under field and laboratory conditions. 

Concentration 

(ppm) 

No. of mites/fruit 

Under field conditions Under laboratory conditions 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Control 16.10 17.00 0.00 a 22.50 22.00 0.00 a 

500 14.20 11.00 26.64 b 26.40 18.70 27.56 b 

1000 21.80 13.70 40.48 c 21.30 12.60 39.50 c 

1500 16.30 7.40 57.00 d 19.70 7.70 60.03 d 

2000 

2500 

3000 

18.40 

20.90 

17.50 

5.50 

3.40 

2.10 

71.69 e 

84.59 f 

88.64 f 

25.20 

27.50 

16.80 

6.50 

6.30 

1.60 

73.62 e 

86.61 f 

90.26 f 
*Counts made 1, 2, 3 days and one-week post treatment, Different letters in the vertical columns denote significant difference, (F-test, P 

< 0.05). 
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and 88.64%, respectively. There was only 3.76% increase in 

mortality when concentration was increased from 2500 to 

3000 ppm. When the same trials were performed under 

laboratory conditions, mortality was found to be 27.56, 39.50, 

60.03, 73.62, 86.61 and 90.26%, respectively. Highest 

mortality being 90.26% and there was only 3.65% increase in 

mortality when concentration was increased from 2500 to 

3000 ppm.  

Mortality trials of cinnamaldehyde on predatory mites, 

Neoseiulus barkeri: Cinnamaldehyde was found to be 

relatively safe against predatory mites, N. barkeri, showing 

highest mortality of 23.05% under field conditions and 

24.62% under laboratory conditions at cinnamaldehyde 

concentration of 3000ppm. Detailed results of mortality trials 

are given in Table 3. At concentrations of 500, 1000, 1500, 

2000, 2500 and 3000 mortalities were found to be 2.44, 4.88, 

6.12, 10.92, 11.59 and 23.05% and 4.73, 7.22, 8.54, 9.31, 

12.09 and 24.62% under field and laboratory conditions, 

respectively.  

Mortality trials of cinnamaldehyde on predatory mites, 

Amblyseius swirskii: Cinnamaldehyde was also found to be 

safe against predatory mites, A. swirskii, showing highest 

mortality of 25.36% under field conditions and 27.35% under 

laboratory conditions at cinnamaldehyde concentration of 

3000 ppm. Detailed results of mortality trials are given in 

Table 4. At concentrations of 500, 1000, 1500, 2000, 2500 

and 3000 mortalities were found to be 1.24, 4.88, 10.20, 

13.57, 14.84 and 25.36% and 4.41, 6.20, 10.52, 12.27, 13.86 

and 27.35% under field and laboratory conditions, 

respectively. 

 

DISCUSSION 

 

Chemical control is the most popular strategy against the pests 

all over the world but it is associated with short and long-term 

effects on environment, human health and non-target species 

(Tarmure et al., 2020; Parrón et al., 2014). There is a constant 

need for the substitute of chemical pesticides that is fatal to 

pests but friendly to non-target species including humans. In 

this study, we have introduced, cinnamaldehyde, a low cost, 

widely available, and a safe chemical, as a tool to control 

growth of date palm mites; O. afrasiaticus (McGregor) and 

spider mite, E. palmatus Attiah (Acari: Tetranychidae). It is 

extracted from a well-known spice cinnamon bark as a 

Table 3. Corrected mortality (in % calculated with Henderson-Tilton equation) of the predatory mite Neoseiulus 

barkeri treated with six concentrations of cinnamaldehyde under field and laboratory conditions. 

Concentration 

(ppm) 

No. of mites/fruit 

Under field conditions Under laboratory conditions 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Control 4.00 4.10 0.00 a 4.20 3.90 0.00 a 

500 4.50 4.50 2.44 a 5.20 4.60 4.73 a 

1000 4.00 3.90  4.88 a 6.50 5.60 7.22 a 

1500 5.30 5.10 6.12 a 7.30 6.20 8.54 a 

2000 4.60 4.20 10.92 a 5.70 4.80 9.31 a 

2500 6.40 5.80  11.59 a 4.90 4.00 12.09 a 

3000 7.10 5.60 23.05 b 5.00 3.50 24.62 b 
*Counts made 1, 2, 3 days and one-week post treatment, Different letters in the vertical column denote significant difference, (F-test, P 

< 0.05). 

 

Table 4. Corrected mortality (in % calculated with Henderson-Tilton equation) of the predatory mite Amblyseius 

swirskii treated with six concentrations of Cinnamaldehyde under field and laboratory conditions. 

Concentration 

(ppm) 

No. of mites/fruit 

Under field conditions Under laboratory conditions 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Pre-spray 

count 

Average post-

spray count * 

Reduction 

(%) ** 

Control 3.90 3.80 0.00 a 5.20 5.10 0.00 a 

500 5.30 5.10 1.24 a 6.40 6.00 4.41 a 

1000 4.10 3.80 4.88 a 7.50 6.90 6.20 a 

1500 3.20 2.80 10.20 a 4.90 4.30 10.52 a 

2000 3.80 3.20 13.57 a 4.30 3.70 12.27 a 

2500 4.70 3.90 14.84 a 5.80 4.90 13.86 a 

3000 6.60 4.80 25.36 b 8.00 5.70 27.35 b 
*Counts made 1, 2, 3 days and one-week post treatment, Different letters in the vertical column denote significant difference, (F-test, P 

< 0.05). 
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fraction of essential oil. Cinnamon bark has been reported, by 

many researchers, to possess antifungal, antimicrobial, 

anticancer, insecticidal and larvacidal potentials (Cheng et al., 

2004). Cinnamaldehyde is commercially available and 

therefore, to save time and maintain quality, it was purchased 

from the market.  

Application of cinnamaldehyde at concentrations of 500, 

1000, 1500. 2000, 2500 and 3000 ppm against the two test 

species has shown the highest mortality 90.84% and 93.64% 

against the two species O. afrasiaticus and E. palmatus, 

respectively at 3000ppm (Results: Tables 1 and 2). 

Alhewairini (2019) reported 82.2% mortality of O. 

afrasiaticus by using oxamyl which is a toxic chemical and 

causes environmental hazards. In our case, results are better 

because cinnamaldehyde has caused 90.84% mortality and 

being a component of many food products, it is safe. An 

interesting feature of cinnamaldehyde is that it is relatively 

less toxic to predatory mites; N. barkeriand and A. swirskii 

showing mortality count as 23.05% and 25.36% under field 

conditions (Results: Tables 3 & 4). It indicates that at higher 

concentrations cinnamaldehyde acquires toxic effects, 

therefore, we did not increase concentration above 3000 ppm 

in trials against the two targeted mites to remain within the 

safe limit (Results: Tables 1 & 2). Mortality count of 

predatory mites at cinnamaldehyde concentration of 2500 

ppm is quite low (11.59% and 14.84%) as compared to the 

mortality observed at 3000 ppm (23.05% and 25.36%). It is 

therefore, advisable to use cinnamaldehyde within the range 

of 500 – 2500ppm in future studies to promote biological 

control in the natural environment. We hypothesize that the 

six concentrations of cinnamaldehyde studied might affect O. 

afrasiaticus and E. palmatus via ingestion, via contact while 

crawling on sprayed leaves or by direct reception of spray 

droplets. Higher activity of cinnamaldehyde towards O. 

afrasiaticus and E. palmatus can be explained by the ability 

of cinnamaldehyde to penetrate their thin body wall, inter-

skeletal membranes or through body openings. In the case of 

the predatory mites, N. barkeri and A. swirskii, the thicker 

exoskeleton (Zannou et al., 2007) may prevent penetration of 

cinnamaldehyde into body tissues. Furthermore, predatory 

mites usually do not eat on plants, which can limit 

cinnamaldehyde (McMurtry et al., 2013). Based upon its 

mortality against deleterious mites and safety to the non-

target species, cinnamaldehyde is expected to emerge as a 

better substitute of chemical pesticides. Pilot scale 

experiments are recommended to evaluate its safe limits and 

further exploration of its toxicity to non-target species and 

hazards in the environment.  

 

Conclusion: Our study clearly indicates that cinnamaldehyde 

is an effective acaricide against date palm mites, O. 

afrasiaticus and E. palmatus. It is safe to predatory mites N. 

barkeri and A. swirskii when used within the concentration of 

2500 ppm. This would encourage us to explore the potential 

of cinnamaldehyde for its commercial applications against 

date palm mites and other infective insects. 
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