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             INTRODUCTION 

 

             Fall armyworm (FAW) Spodoptera frugiperda (J.E. Smith, 1797) is one of the 

devastating insect pests, (family Noctuidae, order Lepidoptera). It is a polyphagous pest 

(Baudron et al., 2019) that leads to economic damage for important cultivated cereal crops 

such as various vegetable crops, cotton, rice, sorghum and maize. S. frugiperda had 

eventually impacts on food security (FAO, 2017 and CABI, 2018). FAW feeds on the stem, 

leaves and reproductive parts of different plant species (Tefera et al., 2019). Tropical and 

subtropical regions of America are the original native. FAW was first found in America and 

is considered one of the most common pests of maize in North and South America (Todd 

and Poole, 1980). In Africa, (Sisay et al., 2018) had the first report in 2016 about the invasive 

pest S. frugiperda. S. frugiperda became one of the major invasive pests reaching over 30 

countries across southern and tropical Africa at the end of 2017, later reaching over 44 
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             Fall armyworm (FAW) Spodoptera frugiperda is one of the 

devastating insect pests. It is a polyphagous pest causing economic damage to 

important cultivated cereal crops such as rice, maize, cotton, sorghum, and 

various vegetable crops. The first occurrence recorded in Egypt was in 2019. 

The aim of this study included the study of some biological aspects by using 

some plant hosts such as maize, sorghum, ricinus and tomato. In general, 

feeding by maize plants recorded the shortest larval lifespan stage from the 1st 

to the 6th instar, prepupal stage, pupal stage, adult longevity (♀ & ♂), mean 

fecundity (no. of eggs and hatchability%). Also, the study included the 

evaluation of the efficiency of some essential oils against the 2nd and 4th larval 

instar of S. frugiperda under laboratory conditions. Generally, results clearly 

indicated that tested essential oils (Lemongrass oil, Orange oil, Peppermint oil 

and Linseed oil) varied considerably in their efficiency against the two tested 

larval instars (2nd and 4th) and that higher concentration caused a higher 

reduction in tested larval instars. Generally, it was obvious that the efficiency 

of the tested essential oils against the 4th instar of S. frugiperda remarkably had 

the same trend as the 2nd instar with variable values. The efficiency of tested 

oil can be arranged descending according to the length of LC50, LC90 and LC95 

as follows Lemongrass oil ˃ Orange oil ˃ Peppermint oil ˃ Linseed oil to S. 

frugiperda after 10 days post treatments.  

http://eajbsf.journals.ekb.eg/
mailto:sara.eid8930@gmail.com
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countries (Sisay et al., 2019). There are 353 plants reported as hosts for this pest (Kansiime 

et al., 2019). 

               Symptoms of damage start with the larval stage making different sizes of papery 

windows in leaves causing extensive defoliation of plants, and the occurrence of faecal 

materials causing a passive effect on the later growth stage and the development of plants 

(Reddy, 2019). This insect has marching behavior similar to that of an army leading to havoc 

loss to crops that come in its way (FAO, 2019). FAW is devastating in nature and CABI 

(2017) has predicted that pest causes a probable loss of 6.1 billion US dollars only in African 

countries when the control measures are not utilized. 

               Control of this pest is challenging due to probable host plants having different 

phenologies and being grown during successive seasons of the year and proximity to each 

other, which can facilitate the movement of pests between crops. This availability of various  

hosts might even result in the selection of insect populations with new food preferences due 

to different exposure of these insects to a variety of crops (Barros et al., 2010). Some 

biological studies on the providing and consumption of different food sources, also, host 

preferences of S. frugiperda are serious for addressing the effects of the nutritional 

composition of different crops on this pest (Barros et al., 2010 and Silva et al., 2017). The 

extensive and misuse of insecticides against S. frugiperda causes reducing in the control 

efficiency of S. frugiperda. Thus, this work focuses on some biological aspects (larvae 

longevity, pupae longevity, adult longevity, mean fecundity female), and studies food 

oviposition preference of S. frugiperda of maize, sorghum, ricinus and tomato under 

laboratory conditions with a view to better understand this pest’s feeding behavior. 

              Botanical insecticides used in the control the pests, since ancient times (Viegas 

Júnior, 2003). These phyto insecticides, in the form of essential oils and plant extracts, are 

one of the alternative methods for pest management in a diverse flora, and therefore, with 

elevation potential for the discovery of new insecticides (Krinski et al., 2014). Essential oils 

of some species may have toxic compounds for insects, but are safe for humans, thus with a 

high potential to control some agricultural pests (Ebadollahi, 2011). Therefore, this research 

aimed to evaluate the efficiency of essential oils (Lemongrass oil, Orange oil, Peppermint 

oil and Linseed oil) against S. frugiperda, larvae. 

 

     MATERIALS AND METHODS 

 

1.Study Location: 

             The experiment was conducted in the lab. of the Plant Protection Dept. Fac. of 

Agriculture, Benha Univ. The objective of this study was to study larvae longevity, pupal 

longevity, the longevity of adults, mean of the female fecundity), and food oviposition 

preference of Spodoptera frugiperda of different plants (as a food source) under laboratory 

conditions with a view to better understand feeding behavior and evaluate the effectiveness 

of some plant oils against the fall armyworm. 

2.Rearing of the Fall Armyworm: 

              FAW eggs and larvae were obtained from a lab. colony maintained at Plant 

Protection Dep. Fac. of Agriculture at Moshtohor, Benha Univ. This population was initially 

collected from maize fields Agriculture, Benha University. These insects had been fed on 

fresh castor leaves for 3 generations. Larvae were reared under controlled conditions of 25 

± 1 °C, 65% ± 5% relative humidity (R.H.), and a photoperiod of 14: 10 h (L: D). Egg masses 

laid by females were collected and deposited in plastic cups. The males and females were 

fed on a 10% (w/v) honey-water mixture.  
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3.Biology of S. frugiperda on Different Plants: 

             Some plants' leaves were collected from the farm of Agriculture, Benha University 

and provided to S. frugiperda for feeding (Table 1). 

 

                 Table 1. Some plant species provided to fall armyworm feeding: 

Scientific name Common name Family 

Zea mays L. Maize Poaceae 

Sorghum bicolor (L.) Moench Sorghum Poaceae 

Ricinus communis L. Ricinus Euphorbiaceae 

Solanum lycopersicum L Tomato Solanaceae 

 

3.1,Biology of FAW on Different Plants: 

                Development, survival, and reproduction of FAW fed on, sorghum, maize, Ricinus 

and tomato leaves were investigated and recorded. Newly hatched larvae were placed 

individually in plastic cups, which were covered with a mesh screen for aeration. Leaf discs 

(1 cm in diameter) from each tested plant were given as food to larvae. Three replicates were 

conducted in various treatments. Thirty larvae were put in each replicate.  

                 Each individual larva from 1st to 3rd instars was put with food in a well of plastic 

cups, and each larva from 4th–6th instars was put in a plastic cup (2.5 cm in diameter, 4 cm 

in height). The number of leaf discs provided to each larva depended on larval age and type 

of host plant. Survival and development time of each larval stage were registered daily. 

Newly emerged females were individually paired with young males recruited from the 

colony in glass chambers (8 cm in diameter, 12 cm in height) wrapped with a fine mesh for 

ventilation. These pairs were fed on a mixture of 10% (w/v) honey in sterile water. Glass 

jars were lined with paper sheets as an oviposition substrate. The number of egg masses laid 

by each female was registered daily until the females died. Egg masses were individually 

transferred to plastic cups, and the number of neonates hatched from each egg mass was 

registered. Survivorship, fecundity, oviposition period, and female longevity were 

determined. (Guo et al., 2021). 

4.Essential Oils:  

               Lemongrass oil (Cymbopogaon Citratus L., Fam.: Poaceae), Orange oil (Citrus 

sinensis L., Fam.: Rutaceae), Peppermint oil (Mentha spicata L., Fam.: Lamiaceae) and 

Linseed oil (Linum usitatissimum L. Fam.: Linaceae) were brought from National Research 

Center. The diluted concentrations of essential oils that were used in this investigation were 

2, 1, 0.5 and 0.25 %. 

4.1.Bioassay Experiment:  

              The second and fourth larval instars of S. frugiperda were used. Three replicates 

were conducted in the various treatments. Thirty larvae were placed in each replicate. Series 

concentrations (2, 1, 0.5 and 0.25%) were prepared using distal water to assess the efficiency 

of some selected essential oils. A dipping technique was used. Fresh clean caster leaves were 

immersed in each tested concentration. Then, leaves are allowed to dry at room temperature. 

Treated leaves were offered to the 2nd and 4th instar of S. frugiperda larvae. Larvae were fed 

on treated leaves for 24 hours. Mortality was recorded after 1, 3, 7, 10, 14 and 21 days.  

5. Statistical Analysis: 

                Mortality percentages were corrected by Abbott's formula (1925) and Duncan’s 

(1955) range test was adapted to variation between treatments. The dosage mortality 

response was determined by Probit analysis (Finney, 1971) using a computer program of 

Noack and Reichmuth (1978). Data are presented as the mean ± standard error (SE) and were 

analyzed using Student's t-test between treatments and control. 

 

https://en.wikipedia.org/wiki/Carl_Linnaeus
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730724/#bib10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730724/#bib10
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RESULTS AND DISCUSSION 

 

1-The Feeding Effect Of Some Tested Plant Leaves On Some Biological Aspects of 

FAW: 

              Data in Table (2) illustrates the tested biological aspects under the feeding with 

maize, sorghum, ricinus and tomato leaves. In general, the feeding with maize plant recorded 

the shortest larval lifespan stage from the 1st to the 6th instar, prepupal stage, pupal stage, 

adult longevity (♀ & ♂), mean fecundity (no. of eggs hatchability %). The ascending 

arrangement of the length of the larval life span stage was obtained as follows (maize ˂ 

sorghum ˂ ricinus ˂ tomato), with recorded values (18.03, 19.92, 28.2 and 37.2 days), 

respectively. 

             The prepupal stage was the shortest for the insects fed on maize (2.29 days) 

compared with sorghum, Ricinus and tomato (3.94, 4.82 and 5.29 days, respectively). 

Uniformly, the pupal stage was shorter while insects fed on maize (6.67 days) compared 

with sorghum, Ricinus and tomato (7.47, 8.67 and 10.58 days, respectively). Also, the same 

trend was recorded in hatchability %, where the maize had the highest hatchability % 

(93.21%) and the tomato had the lowest hatchability % (49.87 %). 

             The longest means of longevities (6.85 days for males and 7.86 days for females) 

were obtained with adults that emerged from larvae fed on maize. Meanwhile, adults that 

emerged from larvae fed on tomatoes had the shortest means of longevities registered (3.71 

days for males and 5.62 days for females). From data in Table 2, the following descending 

arrangement of fecundity that resulted from offered nutrient maize ˃ sorghum ˃ ricinus ˃ 

tomato, respectively the values 560 ˃ 440 ˃ 286 ˃ 176 egg/ female, respectively. 

              In this study, the effect was evaluated by four plants (maize, sorghum, ricinus and 

tomato) on the biological of FAW. We detected significant differences in the survival and 

developmental times of the lab. reared FAW among the four plants. Our results showed that 

maize is a suitable host for FAW. These results agree with findings by Gamil 2020 and Guo 

et al., 2021. In general, the development of insects depends on the quality of the food 

consumed in the first little instars, maybe may vary according to the host (Barros et al., 

2010). The components of different plants as food for insect larvae greatly differ among 

plant species (Awmack and Leather, 2002). Consequently, larval development and survival 

of insects are strongly affected by the host plant (McCormick et al., 2019).  

 

Table 2: Effect of feeding some plant leaves on some biological aspects of FAW:  

Stage 

Maize Sorghum Ricinus Tomato 

n 

Mean 

duration 

(days) ± S 

E 

n 

Mean 

duration 

(days) ± S E 

n 

Mean 

duration 

(days) ± S E 

n 

Mean 

duration 

(days)± S E 

Larvae 

1st instar 90 2.73±0.04 90 2.88±0.58 90 4.22±0.12 90 5.11±0.18 

2st instar 89 2.92±0.15 87 3.06±0.12 86 4.53±1.53 84 5.61±0.04 

3st instar 88 3.28±0.18 83 3.58±0.04 84 4.51±0.19 78 6.22±1.31 

4st instar 87 3.28±0.58 82 4.12±0.18 78 4.82±1.31 70 6.64±0.12 

5st instar 87 2.88±1.53 80 3.22±1.53 75 5.11±0.58 65 6.81±1.53 

6st instar 87 2.94±0.19 78 3.06±1.31 72 5.21±0.12 60 6.81±0.58 

Total larvae 18.03 19.92 28.4 37.2 

Prepupa 87 2.29±0.12 70 3.94±0.04 63 4.82±0.04 55 5.29±0.05 

Pupa 87 6.67±1.53 68 7.47±0.58 60 8.67±1.31 51 10.58±1.53 

Adult 

longevity 

Female 56 7.86±0.58 40 6.63±0.12 41 5.57±1.53 29 5.62±0.58 

Male 31 6.85±1.31 28 5.93±0.05 19 4.42±0.04 22 3.71±0.19 

Mean 

fecundity 

(female) 

N. of eggs 560 ±0.18 440.25±1.53 286 ±1.51 176.45±1.31 

Hatched eggs 522±18.53 380±22.24 200±12.22 88±6.65 

Hatchability% 93.21 86.31 69.93 49.87 
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2. Laboratory Evaluation of the Efficiency Of Some Selected Essential Oils Against 2nd 

And 4th Larval Instars of S. frugiperda: 

               Data obtained during the laboratory evaluation of the tested essential oils 

(Lemongrass oil, Orange oil, Peppermint oil and Linseed oil) against the 2nd & 4th instar 

larval of S. frugiperda are given in Tables (3 & 4).  

Generally, results clearly indicated that the tested essential oils varied considerably in their 

efficiency against the two tested larval instars and that, higher concentration and the 

prolongation of the exposure period caused a higher reduction in tested larval instars. 

2.1. Against the 2nd Instar Larvae of S. frugiperda: 

                The results of the toxicity efficiency of essential oils (Lemongrass oil, Orange oil, 

Peppermint oil and Linseed oil) on 2nd instar larvae of S. frugiperda at 26 ± 1°C and 65 ± 

5% R.H are presented in Table (3). 

               Duncan's analysis grouped the efficiency of testing the four oils into four categories 

against 2nd instar larvae. The following are descending arrangements, expressed by reduction 

% where the dissimilar letter indicated a significant difference (73.33 ˃ 54.03 ˃ 53.19˃ 

35.42), of Lemon grass oil ˃ orange oil ˃ peppermint oil ˃ Linseed oil, respectively. 

             Duncan's analysis categorized the selected concentration of the tested oils (2, 1, 0.5, 

0.25 ml/ 100 ml) into four categories. Data indicated that the highest reduction was recorded 

by the highest conc. 2.0 ml/ 100 ml at all the tested oils. 

 

Table 3: Toxicity of essential oils treatments on 2nd instar larvae mortality of S. frugiperda. 

 
L.S.D for treatments =6.665                L.S.D for inspection time = 9.082           red.= reduction 
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2.2. Against the 4th Larval Instar:  

              Generally, it was obvious that the efficiency of the tested essential oils against the 

4th instar of S. frugiperda remarkably had the same trend as the 2nd instar with variable 

values.Duncan's analysis categorized the four tested essential oils into four categories, 

descending according to their reduction percentage as follows: Lemongrass oil ˃ orange oil 

˃ peppermint oil ˃ Linseed oil.Their efficiency, expressed as reduction %, was recorded at 

63.67, 49.33, 38.83 and 32.0%, respectively    

            With respect to, the efficiency of the tested oils along the time of inspections, 

Duncan's analysis showed that the following values grouped into five grouped 68.33, 57.71, 

48.33, 37.5 and 17.91 % after 14, 10,7,3 and 1 day, respectively. 

             Also, Duncan's analysis showed a significant difference and grouped the tested 

concentrations (2, 1, 0.5 and 0.25 %) into four groups against the 4th of S. frugiperda. 

 

Table 4: Toxicity of essential oils treatments on 4th instar larvae mortality of S. frugiperda. 

 
L.S.D for treatments =5.748              L.S.D for inspection time = 6.838       red.= reduction 

 

2.3. Lethal Concentrations Of The Tested Essential Oils Against 2nd Instar Larvae of 

S. frugiperda: 

              LC50 values are recorded in Table (5) with corresponding slopes and toxicity 

indexes for each plant oil tested against 2nd larval instar of S. frugiperda. LC50 values of 

Lemongrass oil recorded 0.19ml /100ml, which showed the most effectiveness among the 

tested oils. 

            Also, the Lemongrass oil had the first arrangement recording the most effective 

during the treatment by LC90 and LC95.  
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             The efficiency of tested oils can be arranged descending according to the length of 

LC50, LC90 and LC95 as follows Lemongrass oil ˃ Orange oil ˃ Peppermint oil and Linseed 

oil to 2nd instar larvae of S. frugiperda 10 days post treatments. 

 

Table 5. Lethal concentrations of many essential oils against 2nd instar larvae of S. 

frugiperda 10 days post-treatment: 

R 
*Toxicity 

index- LC50 
Slope ± SD LC95 LC90 LC50 Essential oils 

0.98 100 2.08±0.48 
0.80 

(0.45-1.43) 

0.58 

(0.33-1.04) 

0.19 

(0.11-0.34) 
Lemongrass oil 

0.91 50 1.78±0.55 
3.23 

(1.87-5.57) 

2.01 

(1.17-3.48) 

0.38 

(0.22-0.66) 
Orange oil 

0.87 39.58 1.94±0.50 
3.40 

(2.08-5.55) 

2.21 

(1.35-3.61) 

0.48 

(0.30-0.79) 
Peppermint oil 

0.92 17.43 2.32±0.42 
5.54 

(3.62-8.49) 

3.87 

(2.52-5.92) 

1.09 

(0.71-1.66) 
Linseed oil 

*Toxicity index = LC50of standard X 100/ LC50 of a test sample. 

 

2.1.5. Lethal Concentrations of the Tested Essential Oils Against 4th Instar Larvae of 

S. frugiperda: 

              LC50 values are shown in Table (6) with corresponding slopes and toxicity indexes 

for each plant oil tested against the 4th larval instar of S. frugiperda. According to LC50 

values, Lemongrass oil was the most effective among the tested. LC50 values recorded 0.28 

ml/100mL 

              Toxicity parameters are the toxicity index developed by Sun (1950). As for the 

toxicity index, it is obtained by comparing the toxicity or efficiency of a fixed level (LC50 or 

LC 90) to their most effective oils.  

              The efficiency of tested oils can be arranged descending according to the length of 

LC50, LC90 and LC95 as follows Lemongrass oil ˃ Orange oil ˃ Peppermint oil and Linseed 

oil to 2nd instar larvae of S. frugiperda after 10 days post treatments. 

Since Lemongrass oil was the most toxic oil among the tested ones, it was used as a standard 

in calculating the toxicity index, which can be determined by the following equation: 

Sun,s toxicity index = LC50 or LC 90 of the standard material/ LC50 or LC 90 of a test sample 

X100. 

 

Table 6. Lethal concentrations of many essential oils against 4th instar larvae of S. frugiperda 

10 days post-treatment: 

R 
*Toxicity 

index- LC50 
Slope ± SD LC95 LC90 LC50 Essential oils 

0.95 100 1.47±0.68 
1.81 

(0.91-3.59) 

1.19 

(0.60-2.37) 

0.28 

(0.14-0.55) 
Lemongrass oil 

0.97 63.63 1.39±0.72 
6.88 

(3.49-13.58) 

3.76 

(1.90-7.41) 

0.44 

(0.23-0.88) 
Orange oil 

0.99 42.42 1.35±0.74 
10.83 

(5.45-21.50) 

5.83 

(2.94-11.58) 

0.66 

(0.33-1.31) 
Peppermint oil 

0.98 30.43 1.47±0.68 
12.22 

(6.44-23.16) 

6.90 

(3.64-13.09) 

0.92 

(0.49-1.75) 
Linseed oil 

*Toxicity index = LC50of standard X 100/ LC50 of a test sample. 

 

            Essential oils can exert significant effects on insect reproduction, survival and 

behavior, and are therefore considered to be ideal green insecticides (Pavela and Benelli 

2016; Cetin et al., 2007; Masetti 2016). Over the past 50 years, some plants have been 

screened as potential sources of insecticides, however, the assumed low environmental and 



Maha S. El-Ghannam  et al. 148 

mammalian toxicity of most plant-derived products has not yet been fully investigated 

(Trumble 2002; Kim et al., 2003). There is a significant relationship between the chemical 

structure of essential oils and their biological action against insects, i.e., the higher 

lipophilicity, the stronger the ability of the essential oil to penetrate insects (El-Wakeil 2013). 

Therefore, in this study, we determined the effects of essential oils from Lemongrass oil, 

Orange oil, Peppermint oil and Linseed oil on the 2nd and 4th instar larvae of S. frugiperda. 

Bioassay results showed that the four selected essential oils had significant bioactivity 

against S. frugiperda larvae, indicating that essential oils can be developed as new 

insecticides for the biological control of S. frugiperda. Previous studies have reported that 

rosemary essential oil had excellent insecticidal activity against S. frugiperda larvae (Dos 

Santos et al., 2016; Sousa et al., 2021). 
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ARABIC SUMMARY 

 

باستخدام بعض الزيوت العطرية المختارة  دودة الحشد الخريفية مكافحة حشرة لبعض الجوانب البيولوجية ومحاولة 

المعمليهتحت الظروف   

 
 مها صبرى الغنام1- بانسيه عبد السلام عزام1- سارة عيد الديب2

 مصر -الجيزة -مركز البحوث الزراعية -معهد بحوث وقاية النبات 1

 مصر  -جامعة بنها -كلية الزراعة  -قسم وقاية النبات 2

 

هي واحدة من الآفات الحشرية المدمرة. وهي آفة متعددة   Spodoptera frugiperdaدودة الحشد الخريفية               

ومحاصيل   العوائل والقطن  الرفيعة  والذرة  والأرز  الذرة  مثل  المهمة  الحبوب  لمحاصيل  اقتصادية  أضراراً  تسبب 

الدراسة إلى دراسة بعض الجوانب 2019الخضروات المختلفة. تم تسجيل أول ظهور في مصر في عام   . هدفت هذه 

. بشكل عام  كمصدر غذاء لليرقات  والطماطم  الخروعمثل الذرة والذرة الرفيعة و  تقييم بعض النباتاتالبيولوجية من خلال  

من العمر الأول إلى السادس،    اليرقى  لكلا من الطور  نبات الذرة أقصر مراحل    للحشرة التى تغذت يرقاتها علىسجلت  

نسبة و(، متوسط الخصوبة )عدد البيض  ♂&    ♀)  الكاملة  الحشرةمرحلة ما قبل العذراء، مرحلة العذراء، طول عمر  

حشرة تحت الظروف لالفقس(. كما شملت الدراسة تقييم كفاءة بعض الزيوت العطرية ضد العمر اليرقي الثاني والرابع ل

المختبرة )زيت    كما.  المعملية العطرية  الزيوت  أن  إلى  النتائج بوضوح  البرتقال، زيت    حشيشةأشارت  الليمون، زيت 

الثاني والرابع( وأن التركيز العمر)  المختبرةاليرقات    لمكافحةالنعناع وزيت بذر الكتان( تباينت بشكل كبير في كفاءتها  

أن كفاءة الزيوت العطرية   أوضحت النتائجنخفاض أعلى في أعمار اليرقات التي تم اختبارها. بشكل عام،  إالعالي أدى إلى  

الرابع   العمر  المختبر  ك  للحشرةالمختبرة ضد  الزيت  كفاءة  ترتيب  يمكن  قيم متغيرة.  الثاني مع  العمر  اتجاه  بنفس  انت 

الليمون   حشيشةعلى النحو التالي: زيت    95LCو    90LCو    50LC  قيمتنازلياً حسب  لمكافحة حشرة دودة الحشد الخريفية  

 .المعاملةأيام من  10< زيت البرتقال < زيت النعناع <  زيت بذر الكتان بعد 
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