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Synergist 

 Spodoptera exigua H. is one of the major pests of vegetables, farm plants and 
greenhouse plants with a wide range of hosts. Because it has been reported from 

different countries that this pest shows resistance to current insecticides, using milder 

pesticides of different mechanisms and regarding to cancel resistance to these 
insecticides owes special position in pest control programs. In this study the effect of 

Pyridalyl mixed with Henna powder was investigated on the 1st, 2nd and 3rd ages of 

Spodoptera exigua larvae using biometric tests. The Spodoptera exigua larvae were 
grown in controlled laboratory conditions of 26±20C temperature, 57±3% relative 

humidity and cycles of 16h light and 8h dark. Sugar beet plants used for biometric 

experiments under these conditions were grown in pots. Natural foods were utilized to 
feed larvae. The biometry results showed that with concentration of 1500 ppm Pyridalyl 

mixed with 3000 ppm Henna powder and 72h caring, the maximum losses of larvae in 

1st, 2nd and 3rd ages were 98.75%, 96.25% and 88.75%, respectively. Finding suggested 
that use of Pyridalyl is recommendable for controlling pest in initial ages. Also, results 

revealed that mixture of Pyridalyl and Henna has a synergistic effects and leads to 

desired losses in larvae. Therefore, the mixture of these two compounds for controlling 
Spodoptera exigua larvae in initial ages is recommendable under lab conditions. 
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INTRODUCTION 

 

Understanding the position of chemical control and application of poisons for pest control is of high 

importance; because pesticides are major and inevitable parts in pest control. In recent 6 decades several 

chemical insecticides have been used to control Spodoptera exigua. The reason for using chemical insecticides 

is lower damage exerted to plant as well as disability of natural enemies to decrease the population of pest larvae 

to acceptable levels. Utilizing the common chemical poisons to control this pest will result in increasing its 

resistance against poisons and environmental pollution. Therefore, selecting efficient, low-risk and low-dose 

pesticides is of high importance. In such conditions, the need to find secure, suitable and economically 

reasonable methods to prevent resistance of insects to a chemical compound and using environmentally safe 

compounds as well as natural enemies of pests are necessary [3]. 

Pyridalyl is a new insecticide made by Japanese Somitomo Chemicals Company. This insecticide belongs 

to dihalopropenes group and controls butterfly pests and thrips of cotton and vegetables [12,7]. Pyridalyl also 

controls the insecticide-resistant pests including sensitive races. Since this compound has low effects on useful 

arthropod (like ladybugs, lacewings and hunter bugs), plays an important role in IPM programs and 

management of insecticide-resistance. Studies show that unlike organophosphorous insecticides and synthetic 

pyrethroids, Pyridalyl does not affect nervous system [13]. Pyridalyl prevents cellular proliferation but has no 

effect on mitochondrial respiration, the main cause of cellular toxicity [11].  

To reveal the mechanism and selective function of Pyridalyl, its cellular toxicity was determined against 

several insects through measuring the preventive effect on protein synthesis. This insecticide causes significant 

and quick prevention of protein synthesis, indirectly. Therefore, it seems the selective prevention of protein 

synthesis, may be significantly associated with insecticide activity and selective characteristic of this compound 

[8]. 

Henna, Lawsonia alba Lam. is from Lythraceae family and is Iran’s native plant. Henna leaves contain 

coloured Lawson compound, fats, resins and tannins [1]. In insects feeding from plants of high tannin 

concentrations, high amounts of tannic acid passes through food membrane and damages gastric epithelial cells 
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and produce many ulcers [2]. Tannins cause delays in growth and interfere in uptake of nutrients [4]. Passing of 

tannins through food membrane and damaging epithelial cells in grasshoppers caused delay in their growth.  

Regarding these, in this study the effect of new insecticide Pyridalyl (Sumipleo) as well as its mixture with 

a non-chemical synergist (Henna) was investigated on the 1
st
, 2

nd
 and 3

rd
 ages of Spodoptera exigua larvae under 

laboratory conditions. Decreasing the amount of used poison along with increasing the killing effect, a more 

suitable and more environmental consistent method to control Spodoptera exigua larvae is introduced.  

 

MATERIALS AND METHODS 

 

This study was planned to investigate the possible synergistic effect of Henna powder mixed with Pyridalyl 

to increase its efficiency as well as decreasing consumed amount. A concentration of 3000 ppm Henna powder 

was mixed with concentrations of 250, 500, 1000 and 1500 ppm Pyridalyl with 25% to 75% ratios. The 

concentrations were prepared through diluting the compound with distilled water. The leaves used to feed larvae 

were immersed in solutions for 5 seconds. The leaves then were dried in laboratory air [6].  

A number of special traps were prepared using single-use transparent plastic vessels, Parafilm and some 

cotton. A small slot was made in the edge of plastic vessels and cotton was placed in the slot. Then, some fresh 

and big leaves were selected from each pot and were placed in plastic vessels so the petioles were covered with 

cotton and Parafilm in the slots. In each repetition 20 number 1
st
 age larvae separated with measuring head 

capsule width and morphology of them, were released in traps. Top of vessels were covered with a lace fabric 

and was tightened with an elastic band to prevent escaping larvae. This is done for both 2
nd

 and 3
rd

 ages. The 

caring condition was the same used for breeding larvae. 

Tests were completed with four concentrations plus one control and in four repetitions. The larvae losses 

were counted after 72 hours. Each time the lost larvae were removed and the vessels were covered again and 

tighten. 

In these tests were used full random plans. Statistical analysis was done with SPSS. LC50 and LC95 were 

calculated using SPSS and Probit method as well as classification of averages. To compare averages were used 

Tukey test. Excel was used to prepare charts. To compare averages as charts were used standard deviation.  

 

RESULTS AND DISCUSSION 

 

The findings of statistical analysis showed that (Tables 1, 2, 3) for concentrations, the calculated F was 

greater than table F to about 1% (P<0.01). There were significant different between larvae losses in different 

concentrations. The coefficient of variant (CV) shows that this test is of acceptable accuracy. 
 

Table 1: Variance analysis of 1st age larvae of Spodoptera exigua mixture of Pyridalyl of concentrations 250, 500, 1000, 1500 ppm and 

3000 ppm Henna powder 

  S.O.V                df                 SS                  MS                   F                probability 

Treatment             4             771.800          192.950          482.375**          0.0001 

    Error               15                 6.000              0.400 

    Total               19             777.800 

** Significant at the 1% levels of probability                                     CV = 5/80% 

 

Table 2: Variance analysis of 2nd age larvae of Spodoptera exigua mixture of Pyridalyl of concentrations 250, 500, 1000, 1500 ppm and 
3000 ppm Henna powder 

  S.O.V                 df                  SS                 MS                  F                probability 

Treatment               4             745.300         186.325         223.590**          0.0001 
    Error                 15               12.500             0.833 

    Total                 19             757.800 

** Significant at the 1% levels of probability                                    CV = 9.21% 
 

Table 3: Variance analysis of 3rd age larvae of Spodoptera exigua mixture of Pyridalyl of concentrations 250, 500, 1000, 1500 ppm and 

3000 ppm Henna powder 

  S.O.V                   df                 SS                 MS                  F              probability 

Treatment                 4            652.700         163.175         168.802**        0.0001 

    Error                   15              14.500             0.967 

    Total                   19            667.200 

** Significant at the 1% levels of probability                                    CV = 9.17% 

 

Tables 4, 5 and 6 suggest that the maximum loss was exerted by 1500 ppm Pyridalyl mixed with 3000 ppm 

Henna to 1
st
, 2

nd
 and 3

rd
 ages of Spodoptera exigua larvae. The level of losses increased with concentration and 

time. Qasemi et al. [10] studied Bacillus thuringiensis bacteria and Henna powder simultaneous effect on 

Leptinotarsa decemlineata. Their findings indicated the high synergistic effect of Henna powder on B.t 

efficiency. The results of test were in line with our study. 
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Table 4: Comparison of averages losses of 1st age larvae of Spodoptera exigua against different concentrations of Pyridalyl mixed with 

3000 ppm Henna powder after 72 h caring 

control             250               500               1000               1500                  Treatment 
SE±M                   0.25±19.75       0.25±14.25       0.28±11.50      0.47±7.75       0.25±1.25 

Group                           a                        b                         c                    d                      e 

Dissimilar letters indicate significant difference at the 5% probability level by Tukey test 
 

Table 5: Comparison of averages losses of 2nd age larvae of Spodoptera exigua against different concentrations of Pyridalyl mixed with 

3000 ppm Henna powder after 72 h caring 

 control                   250         500                    1000              1500               Treatment          
        SE±M                0.47±19.25       0.47±12.75      0.57±10      0.28±6.50       0.40±1  
        Group                        a                       b                    c                  d                    e 

Dissimilar letters indicate significant difference at the 5% probability level by Tukey test                                     
 

Table 6: Comparison of averages losses of 3rd age larvae of Spodoptera exigua against different concentrations of Pyridalyl mixed with 
3000 ppm Henna powder after 72 h caring 

         control        250               500       1000                  1500          Treatment                   
       SE±M                 0.47±17.75       0.64±11.50      0.64±8.50     0.28±5.50    0.25±0.75 

       Group                         a                       b                      c                  d                   e 

 Dissimilar letters indicate significant difference at the 5% probability level by Tukey test                                    
 

 
Fig. 1: Comparison of average ± standard deviation of losses of all aged larvae of Spodoptera exigua in 

different concentrations of Pyridalyl+Henna after 72 h 

 

Calculation of LC50 and LC95 of Pyridalyl mixed with Henna in different ages of Spodoptera exigua larvae 

According to table 7, LC50 levels for mixture of Pyridalyl and Henna obtained after Probit analysis of data 

for 1
st
, 2

nd
 and 3

rd
 ages larvae were 348, 455 and 789 ppm (72 h caring), respectively. As a result the 1

st
 age 

larvae are more sensitive than 2
nd

 and 3
rd

 and LC50 for them are lower. Henna powder containing high levels of 

tannins cause synergism in mixing with Pyridalyl because tannins can create tiny ulcers in mid-gastric epithelial 

cells of insect. This results to entering more amounts of poison to general hole and more losses [9].  

The most important advantage of synergism is to control pest species. But, regarding 

The high prices of synthetic synergist compounds, some other compounds which are economically 

reasonable and low risk, are used for increasing the poisoning effect [5]. Utilizing Henna powder along with its 

effect on killing property causes low levels of poison use. Therefore, due to its low price and low risk for 

environment and possible low resistance of pests, Henna powder mixed with Pyridalyl is recommandable to 

control different ages of Spodoptera exigua larvae. 

The Chi-squared test suggests that there is a significant difference between times (5%). Determination of 

LC95 levels is important because applying this amount of poison makes it possible to control low age larvae 

easily and prevent emerging older larvae which are responsible for main attack on plant and destroying it. It is 

obvious that this prevents degradation and heavy damages of sugar beet. Since the main aim of producing sugar 

beets is to supply sugar plants and offering a high quality and poison-free product, using Henna powder with 

low doses in LC95 levels implementing synergistic effect, makes it possible to approach the main goal. 
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Table 7: Probit analysis for determining LC50 and LC95 and regression line equation of 1st, 2nd and 3rd ages of Spodoptera exigua larvae 

treated with Pyridalyl and Henna mixture after 72 h. 

Age                   LC50                        LC95                   x
2                  Slop            Intercept                                                                                   

                                                                               (b)                  (a)   
First                   348               10762              414.687           - 0.032            0.195 

Second               455                 5444              401.549           - 0.125            0.269 
Third                  789                 4823              362.985           - 0.310            0.379 

  

 

 

 
R2 Linear = 0.905                                       

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Relation of mixture logarithm and Probit of the 1
st
 age Spodoptera exigua 

 

 
       R2 Linear = 0.943                          

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Relation of mixture logarithm and Probit of the 2
nd

 age Spodoptera exigua 

 

 
 R2 Linear = 0.903                                

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Relation of mixture logarithm and Probit of the 3
rd

 age Spodoptera exigua 

 

The expression coefficient is 90% that is 90% of average losses relate to poison logarithm and 10% of 

losses relate to other factors including aging, cannibalism, natural enemies and continental conditions. The 

contribution of each of these factors can be determined by additional analysis and studying biometric tables. 

They can be used in population dynamism of insects. 
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Due to repeated use of insecticides, the risk of poison residues is inevitable. For preventing this we must 

utilize new and low-risk insecticides. Also, we can prevent excess use of such compounds; use alternation ones 

that have the minimum risk for environment, human health, farm animals and plants. In this study a new poison 

Pyridalyl, from dihalopropenes was introduced. This pesticide targets butter-fly pests, cotton thrips and 

vegetable thrips which are resistant to common poisons on the other hand its low side effects on useful and non-

target insects render Pyridalyl as a safe compound to control those pests. To enhance Pyridalyl effects, it must 

be mixed with compounds like Henna powder to reduce the amount of used poison and preventing resistance of 

pests, increase killing effect and decreasing side effects. The results of study showed that Pyridalyl is 

recommendable to control Spodoptera exigua larvae in initial ages. Mixing Pyridalyl with Henna powder leads 

to a synergistic effect and results in more losses of larvae and lowers the amount of insecticide. Thus, we can 

recommend this mixture to control sugar beet Spodoptera exigua larvae.  
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