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Abstract 

 

The cochineal, Dactylopius opuntiae, has recently become the main pest that damages the prickly 

cactus, Opuntia ficus-indica, plants in Syria. This study was conducted to evaluate the effects of juniper 

Juniperus foetidissima, rosemary Rosmarinus officinalis, and tobacco Virginia tobacco plant extracts 

for controlling of D. opuntiae under laboratory and field conditions. The results showed that the effect 

of V. tobacco plant extract was significantly superior compared to the effect of juniper and rosemary 

extracts on D. opuntiae. The 100% crude enzyme extract of B. subtilis had a significant effect on 

cochineal mortality after 1 day of treatment, but this effect was not significantly improved after 5 days 

of treatment. The findings of our study indicate that ethanol extract of tobacco leaves and crud enzymes 

produced by B. subtilis could be used in development and implementation of a biological control 

program against D. opuntiae under field conditions. 
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1. Introduction 

Pests cause a variety of damages to plants, including 

shortening the life of the plant, reducing its 

productivity, and damaging its parts including the 

fruits [5,15]. Combating plant pests is essential to 

avoid economic losses in crop production. Farmers 

use synthetic insecticides to combat pests; however, 

biological insecticides are potential alternatives to 

control pests and have the advantages of low 

toxicity to humans and animals. Those biological 

insecticides might substitute synthetic pesticides [2]. 

Many biological control agents specific to some 

insects and fungal targets have been reported such 

as enzymes, viruses, bacteria, essential oils, and 

plant extracts. 

Cactus crops, especially the cactus pears, have 

attracted more attention worldwide due to their 

drought resistance, salt tolerance, and ability to 

grow under harsh conditions [9,14]. In countries 

like Syria, Jordan, and Lebanon, cactus pears have 

long been cultivated and are widely grown in rural 

areas. In the countryside of Damascus, cactus pears 

are cultivated mainly for fruit production. The 

cultivation of cactus pears in Syria increased in the 

last two years, due to the increased demand for fruit 

products. Newly cultivated areas with cactus pears 

were established in Homs, Sweida, and the coastal 

region [12].  

The cochineal, Dactylopius opuntiae (Cockerell) 

(Hemiptera: Coccoidea: Dactylopiidae) is 

considered the most destructive pest to cactus in 

Syria. However, the cochineal infestation was firstly 

reported in the southern region of Lebanon in 2012, 

and later in Palestine and southern Syria in 2016 

[4,17,20]. Therefore, in the past few years, 

cochineal, which is widespread in cactus pear farms, 

has caused serious damages to cactus pears farms 

[4]. As a result, these damages reduced fruit 

production which constitutesa source of income for 

many farmers in the region [17].  
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Although more than a century has passed since 

Cockerell first registered D. opuntiae in Mexico in 

1896 [8], there are no methods to control this pest, 

including the use of synthetic insecticides [5,9].  

The importance of enzymes in controlling various 

insects and plant diseases is well recognized. 

Chitinase produced by Bacillus subtilis and Bacillus 

atrophaeushas was used in combating Spodoptera 

litura and Drosophila melanogaster larvae, 

respectively [2,6]. In a previous study, we reported 

the efficacy of the crude enzymes produced by B. 

subtilis, the local strain SY 134D, in combating D. 

opuntiae insects under laboratory conditions [10].  

On the other hand, many plants contain chemicals 

like organic acids and alkaloids that are toxic to 

many organisms including insects [7]. A previous 

reporthas demonstrated the effectiveness of 

essential oils and plant extracts of some plant 

species in combating the potato tuber moth 

Pthorimaea operculella Zeller (Lepidoptera: 

Gelechiidae) [24]. In another study, the effective 

role of the essential oils extracted from juniper and 

rosemaryin controlling Khapra beetleswas 

demonstrated [22]. 

This study compares the effects of juniper Juniperus 

foetidissima, rosemary Rosmarinus officinalis, and 

tobacco Virginia tobacco plant extracts and the 

effects of B. subtilis(sy134d strain) crude enzymes 

at 100% concentration on the life cycle of D. 

opuntiae under laboratory and field conditions. 

2. Materials and Method 

2.1. Plants extracts 

Plant samples, rosemary leaves, and young branches 

of juniper plants in the flowering period were 

collected from Yafour rural area near Damascus in 

May 2019. Leaves of mature tobacco plants 

(Virginia variety) were collected from Latakia area 

on the Syrian coast. 

The plant samples were dried at laboratory 

temperature until the stable dry weight was 

achieved. 

Dry plant materials were pulverized into fine 

powder separately. 

A total of 100 grams of each dried pulverized plant 

material was put in a separate beaker and extracted 

for 24 hours with 500 mL ethanol (50%). 

Each extract was filtered into a separate rotary 

evaporator and the ethanol was removed 

completely. 

Extracts were stored in a refrigerator at 4 °C until 

used. 

2.2. Bacterial crude enzyme production 

A strain of bacterial B. subtilis (SY134D) isolated 

from Syrian soil by Bakri et al., 2012 [3] was used 

in this study. This strain can use wheat bran as a 

substrate and produce crude enzymes under solid-

state fermentation (SSF). The crude enzymatic 

solution was stored at -20 °C until use. Details of 

enzymes production by this bacterial strain were 

previously reported by Idris et al., 2019 [10]. 

2.3. Testing the effects of plant extracts and 

bacterial crude enzymes on cactus plants infested 

with cochineal under laboratory conditions 

Cactus cladodes were randomly collected from a 

cactus farm at Kaferkuk village, 35 kilometers to 

the west of Damascus. Twentyfour infested 

cladodes of cactus plants of the same size and 

infestation rate were selected. Those cladodesof 

cactus were subjected to the following treatments 

(three cactus cladodes/treatment): (A, sprayed with 

tobacco plant extract; B, sprayed with juniper plant 

extract; C, sprayed with rosemary plant extract; D, 

sprayed with Tween-20; E, sprayed with Sycrol; F, 

sprayed with deltamethrina pyrethroid insecticide; 

G, sprayed with 100% crude enzyme solution of 

B.subtilis(SY134D); H, were sprayed with water. 

Treated cladodes were maintained under 70% 

humidity, 25°C temperature, and 12:12 light/dark 

cycle. After 1 day and 5 days of treatment, an area 

of 10cm2a rate of 4 squares per cladode was 

randomly sampled to obtain effect readings. The 

guidelines of Zhang (2017)[28] for stereoscopic 

microscopy counting of female nymphs and adults 

were applied before and after each treatment for all 

experiments. 

2.4. Testing the effects of plant extracts and 

bacterial crude enzymes on cactus plants infested 

with cochineal under field conditions 

Cactus plants infested with cochineal were 

randomly selected from an infested cactus field at 

Kaferkuk village. The chosen infested cactus plants 

were of the same size and infestation rate. Those 

plants were subjected to the following treatments (3 

infested cactus plants/treatment): A, sprayed with 

tobacco extract; B, sprayed with juniper extract; C, 
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sprayed with rosemary extract; D, sprayed with 

Tween-20; E, sprayed with Sycrol; F, sprayed with 

deltamethrin; G, sprayed with 100% crude enzyme 

solution of B. subtilis (SY134D); and H, sprayed 

with water. 

Random cladode/plant was sampled and tested. For 

each treatment, 4 spots of 10 cm2 in size were 

randomly selected for each cactus plant. The 

guidelines of Zhang (2017) [28] for stereoscopic 

microscopy counting of female nymphs and adults 

were applied before and after each treatment for all 

experiments. 

2.5. Statistical analysis 

The corrected percentage of death of nymphs and 

adults was calculated according to the following 

formula [18]:  

 

Percentage correction of mortality = (survival rate 

at control plot-survival rate at treatment plot) / 

survival rate at treatment plot ×100 

 

All statistical analyses were performed using 

STATISTICA program version 6 (Statsoft, Inc. 

2007) a 5% level (P=0.05). Obtained values were 

subjected to analysis of variance (ANOVA; Tukey's 

HSD test) to determine the differences in means 

between different treatments. 

3. Results and Discussion 

The cochineal, D. opuntiae, has recently become the 

main pest that damages cactus pear Opuntia ficus-

indica plants in Syria, and the current situation is 

worrying. Investigating the capability of using 

biological insecticides like plant extracts and 

bacterial enzymes to control this pest is an urgent 

need. 

4.1. The effects of plant extracts and crude enzymes 

on cochineal under laboratory conditions 

As shown in Table 1 there was a significant 

difference in mortality mean of nymphs and adult 

females among treatments after 1 day (DF=6, F-

value=611.29, P<0.0001 and DF=6, F-

value=501.08, P<0.0001, respectively), and  after 5 

days (DF=6, F value=672.9, p <0.0001 and DF = 6, 

F value=510.03, p <0.0001, respectively). There 

was no significant difference, after 1 or 5 days, 

between Tween-20 and mineral oil treatments. The 

results also showed that the average mortality of 

nymphs and adult females increased significantly 

after 5 days, and all treatments had significant 

differences except for the treatment with bacterial 

enzymes. 

4.2. The effects of plant extracts and crude enzymes 

on cactus plants infested with cochineal under filed 

conditions 

The field results were consistent with the laboratory 

results.Statistical analysis indicated that there was a 

significant difference between the average mortality 

of nymphs and adult females. No significant 

difference was observed between Tween-20 and 

Sycrol treatments (DF=6, F-value=234.598, 

p<0.0001 and DF=6, F-value=386.166, p<0.0001, 

respectively) (Table 2). 

 

Table 1. Mortality of nymphs and adult female D. opuntiae on the 1st and 5th day after treatment under laboratory 

conditions 

   % Mortality     

Type Treatments  1 day   5 days      

Nymphs  Adult female Nymphs Adult female 

SD ± x̄ SD ± x̄ SD ± x̄ SD ± x̄ 

A Tobacco extract 84.42 ± 3.5 Bb 77.4 ±5 Bb 91.7 ±5.1 Ba 83.4 ±3.1 Ba 

B Juniper extract 18.5 ±2.9 Fb 15.2 ±3.3 Fb 25.0 ±3.2 Fa 21.1 ±32.2 Fa 

C Rosemary extract 36.6 ±4.3 Eb 30.6 ±2.4 Eb 45.3 ±2.0Ea 38.7 ±4.0 Ea 

D Tween-20 53.1 ± 4.5 Db 51.4 ±4.1 Db 63.0 ± 3.8 Da 55.8 ±3.4 Da 

E Sycrol (mineral oil) 54.4 ±3.5 Db 51.8 ±4.4 Db 63.7 ±2.6 Da 55.4 ±4.4 Da 

F Deltamethrin 64.6 ± 3.7 Cb 56.1 ±2.7 Cb 73.3 ± 5.6 Ca 67.5 ±2.6 Ca 

G Enzyme extract 100% 94.9 ± 2.5 Aa 85.3 ±2.2 Aa 95.0 ± 2.7 Aa 86.1 ±2.4 Aa 

Means followed by different capital letters (columns) are significantly different at P < 0.05 (Tukey HSD test). 

Means followed by different capital letters (rows) are significantly different at P < 0.05 (between 1 day and 5 days of 

nymphs and between adult females) (Tukey HSD test). 
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Table 2. Mortality of nymphs and adult female D. opuntiae on the 1st and 5th day after treatment under field conditions 
   % Mortality     

Type Treatments  1 days       5 day  

Nymphs  Adult female Nymphs Adult female 

SD ± x̄ SD ± x̄ SD ± x̄ SD ± x̄ 

A Tobacco extract 80.6 ± 4.9 Bb 69.8 ±9.9 Bb 87.1 ±3.8 Ba 78.5 ±3.6 Ba 

B Juniper extract 14.4 ±4.9 Fb 11.5 ±4.5 Fb 19.8 ±2.0 Fa 17.0 ±1.7 Fa 

C Rosemary extract 23.5 ±12.2 Eb 19.4 ±11.9Eb 33.5 ±3.7 Ea 25.6 ±5.1 Ea 

D Tween 20% 49.5 ± 5.5 Db 46.0 ± 6.4 Db 55.7 ±3.2 Da 51.9 ±2.7 Da 

E Sycrol (mineral oil) 48.7 ±4.2 Db 43.7 ±9.1 Db 54.8 ±2.5 Da 50.3 ±7.2 Da 

F Deltamethrin 66.5± 4.2 Cb 53.8 ± 4.8 Cb 71.2 ±3.7 Ca 62.8 ±3.0 Ca 

G Enzyme extract 100% 88.6 ± 7.4 Aa 81.5 ± 5.1 Aa 89.3 ±6.0 Aa 82.2 ±5.3 Aa 

Means followed by different capital letters (columns) are significantly different at P < 0.05 (Tukey HSD test). 

Means followed by different capital letters (rows) are significantly different at P < 0.05 (between 1 day and 5 days of 

nymphs and between adult females) (Tukey HSD test). 

 
Similarly, after 5 days of treatment, we obtained the 

same laboratory results for nymphs and adult 

females (DF=6, F-value=1179.12, p<0.0001 and 

DF=6, F-value=725.632, p<0.0001). The results 

showed that the average mortality of nymphs and 

adult females increased significantly after 5 days of 

treatment. All treatments had significant differences 

except for the 100% crude enzyme extract treatment 

(DF=13, F-value=528.318, p<0.0001, DF=13, F-

value=330.605, p<0.0001, respectively) (Table 2). 

Research results showed that tobacco plant extract 

was highly effective in combating cochineal. This 

effect might be related to the presence of nicotinea 

concentration of 6.7% [23]. Nicotine has been 

widely used as an insecticide, and its dilute solution 

is used on fruits and vegetables to control plant 

aphids, whiteflies, and leafhoppers [11,13]. In this 

study treatment of cactus pearwith tobacco, extract 

increased the average mortality of nymphs and adult 

females of D. opuntiae under laboratory and field 

conditions after 1 and 5 days of treatment. In 

addition, tobacco extract offers a significantly better 

effect than juniper, rosemary, Tween-20, mineral 

oil, and Deltamethrin (Tables 1 and 2). According to 

a previous study, tobacco reduced the number of 

cochineal phases on cactus plants by 90% to 94%, 

72 hours after the third spray [9]. Besides, Sarker et 

al., 2018 [19] reported that tobacco extract affects 

the eastern fruit insect Grapholita molesta (Busck) 

(Lepidoptera). Therefore, the male and female 

mortality rate of the insectswas 80% after 7 days of 

treatment and this mortality rate reached 100%. 

Our results demonstrated that no significant 

difference was found between the treatment with 

Tween-20 and treatment with Sycrol. Previous 

studies have shown that using Tween-20 and 

Sycrolto control D. opuntiae on cactus is effective 

because the mortality rate of nymphs is between 

82% and 99% [26]. Some research that mixing 

mineral oilwith pesticides or plant extracts 

improvestheir effectiveness against cochineal 

[1,27]. However, when emulsifiers (such as Tween-

20) are mixed with water-based extracts (i.e., 

Mentha piperita, Tagetes erecta, Dysphania 

ambrosioides), treatments caused dehydration to 

plants, the second instar nymphs suffocate, affect 

the adult nymphs, and affect the survival rate of 

adult females and other reproductive parameters 

[25]. 

The crude enzyme extract produced by the bacterial 

strain SY134 D B. subtilis contains a large number 

of effective enzymes, including lipase and chitinase. 

Lipase can decompose the wax covering the insect, 

the main function of this wax layer is to prevent the 

sprayed liquid from entering its body. Its effect 

appears in a short period oftime estimated in hours. 

Chitinase plays a role in killing insects by analyzing 

chitin, which is the basic component in the external 

composition of insects’ bodies [11,16]. The results 

of this study showed that although the 50% crude 

enzyme extract has significant advantages over 

other treatments under laboratory and field 

conditions, the average mortality of nymphs and 

adult females did not increase significantly after 5 

days compared with other treatments (Tables 1 and 

2). This is consistent with our previous finding, that 

there was no significant difference in mortality after 

3 days of treatment with the bacterial enzymes [11]. 

Obviously, because enzymes are decomposed and 

lose their activity over time. 
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4. Conclusion 

The results of this study highly encourage the use of 

crude enzymes produced by B. subtilis (SY134D) 

and tobacco plant extract in the biological control 

programs targeting D. opuntiae, because these 

natural alternatives to synthetic insecticides have no 

harmful effect on the environment. 
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