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ABSTRACT 
 

This investigation was conductedto study the mode of development of 
resistance Tetranychus urticae against acaricides. A T. urticae strain was collected 

from cotton plants grown in the experimental farm of Sakha. After ten generations of 
selection with abamectin and etoxazole under laboratory conditions, the resistance 
strain to abamectin and etoxazole started slowly in the first generation until the fourth 
generation, then began to increase gradually increase until reached the highest peak 
at the end of the tenth generation ( developed 140 and 37.45  fold resistance, 
respectively), suggesting that these glutathione-S-transferase (GST), acid phosphate, 
alkaline phosphate, ATPase and AChE enzymes are important in conferring 
abamectin and etoxazole resistance in Tetranychus urticae. The major resistance 

mechanism to abamectin was the increasing activities of glutathione-S-transferase 
(GST), acid phosphate, alkaline phosphate, ATPase and AChE. The activity in 
resistance strain developed 602.35, 203.52, 143.87, 8.93,  and 1.31 fold comparable 
to that in the susceptible strain, respectively, with a percentage of increase equal to 
419.38 % for alkaline phosphate. The activity of GST in the resistance strain for 
etoxazole developed 381.56 fold when compared with the susceptible strain. While 
the percentage of increase was 163.82 % for AChE. 

 

INTRODUCTION 
 

 The two spotted spider mite, T. urticae is one of the most important 
and serious pests on cotton plants, and it is difficult to contro. Because of its 
high fecundity, short generation time, high rate of inbreeding and high 
possibility of acaricides exposure, its resistance to pesticides is a big problem 
compared to other crop pests. The development of resistance in susceptible 
strain of T. urticae for ten successive generations after exposure to 
compounds treated surface was developed slowly and the resistance 
increased gradually. Several investigators evaluated the resistance problem 
around the world; (Kobayashi et al. (2001), Lee et al. (2003) and Mario et 
al.(2005). Sato et al. (2005) found that the resistance to abamectin in T. 
urticae increased 13 fold. Mohamed (2006) and Kim et al. (2007).  The 
resistance ratio was high resistant to abamectin He et al. (2009).  

The enzymes plays an important role as biochemical mechanism for 
resistance to acaricides. Kwon et al. (2010) found that the percent increase in 
activity enzymes, it could be fairly concluded that the most inductive effect 
was obtained in case of the abamectin and etoxazole in glutathione-S-



Youssef,  Asmhan E. et al. 

 250 

transferase (GST), alkaline phosphate, acid phosphate, ATPase and AChE. 
Smissanert (1964 ), Voss and Matsumura (1964) and Lin et al. (2009).  

Therefore, the present work was conducted to investigate the selection 
of T. urticae resistance strains at the laboratory. The difference of the activity 
of five detoxification glutathione-S-transferase (GST), acid phosphate, 
alkaline phosphate, ATPase and AChE enzymes of susceptible strain and 
resistance strains were compared, so as to investigate the biochemical 
mechanisms of the formation of resistance in T. urticae to abamectin and 
etoxazole. 

 

MATERIALS AND METHODS 
 

Selection pressure studies: 
Resistance evaluation were made, using some compounds of 

acaricides (abamectin, etoxazole, comite and ortus), and tested using the leaf 
disc dipping technique against adults of the two-spotted spider mite, T. 
urticae. The field strain of the two-spotted spider mite, T. urticae was 
collected from cotton plants grown in the experimental farm of Sakha 
Agricultural Research Station, at Kafr EL- Sheikh. Each sample transferred to 
the laboratory, and reared under optimum laboratory conditions away from 
any acaricide contamination for three successive generations before starting 
in the selection pressure experiments. Selection pressure was carried out 
using concentrations that give about 50 % mortality of the adults for all tested 
compounds. Selection pressure was carried out by applying the toxicant 
solution on the leaf discs having the cuttings of sweet potato plants by 
dipping it for about 5 seconds, left to dry in each concentration both 
compounds and then number individuals tested were 50 individ. of T. urticae 
were transferred on each leaf discs in dishes. The mite numbers were 
recorded after every 24 and 48 hours from the application, the surviving mites 
were transferred on new sweet potatoes leaves away from any acaricides 
contamination and left to propagate. The colony to a level where it could 
again be selection pressured. At the end of the selection pressure when the 
mites began to tolerate, the toxicant increased the selection pressure 
generation after generation by increase in the concentrations ppm.  

 
                                LC50 of resistance strain 
                  RR =                                                           
                              LC50 of susceptibility strain 
 

Preparation of enzyme samples from T. urticae: 
The homogenate of the two spotted spider mite adults were collected 

from the susceptible strain (300 individ.) and resistant strains tested in 
laboratory (300 individ. for each compound) after being starved for 6 hours. 
Each samples was ground in mortar to obtain fine powder, adult were 
homogenized in an ice solution of 0.25 M sucrose using a glass 
homogenizer. The homogenate was centrifuged and the supernatant was 
used as the enzymes sources (crude enzyme). Equal weights of each of the 
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selected mite samples were frozen at -2°C until needed. The suspensions 
were transferred to beakers with few drops of sodium azid (.2ml), according 
to El-doksh (2001). 
Enzymes assay: 
Protein determination: 

In a clean glass tube, 50 µl from mite homogenate was added to 2ml 
Potassium iodide. The solution was mixed well and the resultant colour was 
measured after 10 minutes at 545 nm spectrophotometer. The same 
procedures was repeated using 50 µl of bovine albumin (standard) instead of 
sample homogenate. A control was included in which 50 µl distilled water 
was used instead of mite homogenate (Weichselbaum 1946). 
Determination of acetylcholinesterase and Glutathion - S - transferas 
(GST) activity: 

20µ ATchI, 100 µl. DTNB, 2.78 ml phosphate buffer and 100 µl of 
enzyme solution were mixed in the tube. A control was included for 
corporation in which 100 µl. distilled water was used instead of the enzyme 
solution. The reaction mixture was incubated for 30 min. in a water bath at 
37°C. The absorbance was measured at 421 nm on a spectrophotometer 
(Rose and Wallbank 1986). While Glutathion - S - transferas (GST) 0.1 ml of 
sample (enzyme source), 0.1 ml of buffer were pipette into the tube, well 
mixed and placed into a water bath kept at 35°C for 4 min. to equilibrate, 
0.01ml of DCNB was added and the mixture replaced into the water bath and 
absorbance was measured using the reagent blank as reference, two 
replicates were made for each assay.  
Determination of acid and alkaline phosphates activity: 

0.5 ml sodium tartrate solution was added, mixed well and incubated at 
37°C for exact 30 min and after tha, 5.0 ml of NaOH, 0.02 N was added to 
each tube, then 0.1 ml of sample was added to the control tube and mixed 
well again. After that, the developed color was measured at wavelength of 
405 nm spectrophotometer (Moss 1984). While alkaline phosphates four 
tubes of adult mite homogenate sample, standard tube, adult mite 
homogenate blank were used. 2 ml. of phenyl phosphate were transferred to 
each tube and incubated for 5 minutes at 37°C, 50 µ/L of adult mite 
homogenate were added to adult homogenate tube, while 50 µ/L of phenyl 
were added to standard tube, then all the four tubes were incubated for 15 
minutes at 37°C, after that 0.5 ml of amino -4- antipyrine was added to each 
tube and mixed well, 0.5 ml of potassium ferricyanide was added to each 
tube and 50 µL of homogenate were added to homogenate control tube, 
while 50 µL distilled water were added to the reagent control tube, then mixed 
well and let stand for 10 minutes in the dark and measured at 510 nm 
spectrophotometer (Kind and King 1954). 
Determination of ATPase activity: 

In a test tube: 100 µl of sample (enzyme source) 775 µl of Tris buffer 
and 25 µl ATP solution were pipetted, the mixture was incubated for 15 min. 
at 37ºC in a shaking water bath, then 0.1 ml 50% trichloroacetic acid (TCAA) 
was added and the absorbance spectrophotometer at 840 nm was recorded 
(Taussky and Shorr 1953). 
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% increase in the activity of tested enzymes =  
 
 S.A. of   enzymes in treatmint - S.A. in control           
                                                                             X  100                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

                         S.A. of the  enzymes in control  
          

RESULTS AND DISCUSSION 
 
Development of resistance to abamectin in T. urticae: 

Results of the abamectin selection showed that the resistance in T. 
urticae increased in the generation that followed selection. Data obtained in 
Table (1) show the selection for 10 generations with abamectin. The  
resistance level in T. urticae was low until the second generation. Resistance 
started to increase in the third generation with the LC50 0.12 ppm. (12.2 fold). 
Therefore, the resistance increased gradually, with LC50 values rising from 
approximately 1.4 ppm. (140 fold) in the tenth generation when compared 
with the susceptible strain. 

It could be concluded that the highest degree of population 
homogeneity was obtained towards the third generation which had the 
highest slope value (3.2). While the fourth, ninth and tenth generations have 
the lowest slope values of 2.0, 1.7 and 1.6,  respectively. first, second and 
Fifth, generations have slope values, 2.6, 2.5 and 3.1, respectively. Sato et 
al. (2005) reported that after 5 generations of selections with abamectin, 
resistance to abamectin in T. urticae increased 13 fold. Mario et al.(2005) 
indicated that the resistance ratio (R/S) at the LC50 reached 342 fold values of 
T. urticae,  He et al. (2009), after 42 generations of selection, showed that the 
strain was 8.7-fold resistant to abamectin. Koh et al. (2009) found that the 
resistance ratios to abamectin were low (RR≤10) in all populations of T. 
urticae 
 
Table (1): The selection of resistance to abamectin in T. urticae. 

Generation 
tested 

LC50  (ppm) 
C.L. for LC50 Slope 

value 
Rr 

Lower Upper 

Susceptible 0.01 0.022 0.03 2.3 - 

1 0.04 0.034 0.04 2.6 4.00 

2 0.06 0.036 0.15 2.5 6.00 

3 0.12 0.116 0.12 3.2 12.0 

4 0.13 0.120 0.14 2.0 13.0 

5 0.14 0.140 0.15 3.1 14.0 

6 0.36 0.250 0.46 0.9 36.0 

7 0.36 0.250 0.46 0.9 36.5 

8 0.43 0.260 2.46 1.3 43.0 

9 0.67 0.28 1.70 1.7 67.0 

10 1.40 0.56 3.60 1.6 140.0 
Rr : Resistance  ratio 
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Development of resistance to etoxazole in T. urticae: 
The selection process of etoxazole susceptible and resistant strains is 

shown in Table (2). The resistance of T. urticae to etoxazole developed 
slowly in the first generation until the fourth generation (5.69 fold) and began 
to increase in the fifth generation (11.83 fold). It gradually increased until 
reached the highest peak at the end of the ninth and tenth generations, 
represented by 34.46 and 37.45 fold, respectively. Therefore, the resistance 
increased after ten generations of selection when compared with the 
susceptible strain, and the resistance level of etoxazole developed very fast. 
 
Table (2): The selection of resistance to etoxazole in T. urticae.              

Generation 
tested 

LC50  (ppm) 
C.L. for LC50 Slope 

value 
Rr 

Lower Upper 

Susceptible 667.38 516.31 880.81 0.88 - 

1 1000.0 1302.38 769.25 1.15 1.49 

2 1050.0 1307.18 846.77 1.62 1.57 

3 2623.56 1316.82 1515.47 1.40 3.93 

4 3800.24 3500.2 4300.56 0.94 5.69 

5 8000.00 9820.27 6517.81 1.58 11.98 

6 13000.0 16741.81 10094.79 1.37 19.47 

7 14500.0 18819.55 11171.89 1.33 21.72 

8 16000.0 19682.21 13008.13 1.50 23.97 

9 23000.0 31172.21 16974.17 1.70 34.46 

10 25000.0 32389.33 19298.53 1.56 37.45 
Rr : Resistance  ratio 

 
Referring to Table (2) it appears that the second, fifth and ninth, 

generations have the highest slope values (1.62, 1.58 and 1.70 respectively) 
followed by the eighth and tenth generations with slope values of 1.50 and 
1.56, respectively. While the first and fourth generations were of the lowest 
slope values 1.15 and 0.94,  respectively.  

These results can be supported with those obtained by several 
investigators. Kobayashi et al. (2001) who reported a resistance ratio of 
>20,000 to etoxazole of T. urticae. Lee et al. (2003) found that T. urticae was 
highly resistant to etoxazole (RR 90.0).  
Mechanisms of resistance in T. urticae: 

All tested compounds were bioassayed for their effects on the specific 
activities of some enzymes. Results of specific activity of glutathione-S-
transferase (GST), Alkaline phosphate, Acid phosphate, ATPase and 
Acetylcholinesterase (AChE) in T. urticae are shown in Table (3), and play an 
important role as biochemical mechanisms for resistance to acaricides. 
Specific activity of AChE and ATPase enzymes in T. urticae abamectin (R) 
strains 1.31 and 8.93 fold with percent of  increase of 39.36 and 276.79 %, 
respectively and if compared with the susceptible strain 0.94 fold. Etoxazole 
resistance strain of T. urticae had the least specific activity of AChE and 
ATPase enzymes of 2.48 fold and 5.87 fold with increase of 163.82  and 
147.67 %, respectively. Specific activity of GST and Alkaline phosphate of 
both resistant strains increased when compared with susceptible strain. 
However, only the difference between abamectin strain and susceptible strain 
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reached to 602.35 and 143.87 fold with percent of  increase of 102.74  and  
419.38 % which indicated into the formation of T. urticae abamectin 
resistance. Results, also indicated that these significant different were found 
between abamectin, etoxazole (R) strain and SS strain for GST and acid 
phosphate had reached the significant level to 381.56 and 108.32 fold with 
percent of  increase of 28.42 % and 57.14 %, respectively. 

Smissanert (1964 ) and Voss and Matsumura (1964) found that AChE 
activity of the O. P. resistance of T. urticae, was much lower than that of 
susceptible mite and the AChE in resistance mite was much less sensitive 
than that in susceptible mite. Kwon et al. (2010) indicated that the 
biochemical mechanisms of abamectin resistance in two T. urticae strains 
(PTF, 239 fold resistance; AbaR, 4753 fold resistance). 
 
Table (3): Specific activity and percent of increase of enzymes in 

susceptible and resistant strains of Tetranychus urticae.     
 

Compound 
Specific activity enzymes 

AChE GST 
Acid 

phosphate 
Alkaline 

phosphate 
ATPase 

Susceptible(S) 0.94 b 297.10 c 68.93 c 27.70 bc 2.37 b 

Abamectin( R) 1.31 ab 602.35 a 203.52 a 143.87 a 8.93 a 

Etoxazol ( R) 2.48 a 381.56 b 108.32 b 30.54 b 5.87 ab 

% increase 0f enzymes activity 

Susceptible(S) - - - - - 

Abamectin( R) 39.36 102.74 195.25 419.38 276.79 

Etoxazol ( R) 163.82 28.42 57.14 10.25 147.67 
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العنكباوت  دراسات على انتخاب وميكانيكية المقاومة للاباامكتي  و اييتوكساالوف  اى
 رالأحم

السعيد يوسف *، حسي  عبدالمنعم برعى *، مصطفى عبدالستار حمااد**، صافوت  أسمها 
 عبدالسلام عبدالسلام  رج*** و عبدالسلام عارف***

 فر الشيخجامعة بك -قسم الحشرات ايقتصادية -كلية اللراعة     *
 الجيلة –الدقى -المعمف المركلى للمبيدات   **

 سخا –مركل البحوث اللراعية  –معهد بحوث وقاية النباتات   ***

 

حمل دتسمب  سسم  ر ا  من أهم  افام ت اتصتدم ديل التم  االعنكبوت الأحمر واحديعتبر 
دة هشمرة اتنتسم   لمم أنأظهمرت النتم  ا المتحدمل هايهم  ولقمد القطن المدمر    محدولل

مق ومل اتكم رو   تطور ال أدى  و اتيتوكس زول ناتب مكت  تأجي ل متت ليل ب ستسدا  مركب
تممزداد بشممكل  تبممدأ و حتمم  الجيممل الرابمم  الأولمنسفضممل امم  الجيممل  وتبممدأ تممدريجي  لامبيممدات
ممرة مم   041 إلم ودمات  حيم  نسبل ه ليل ا  نه يل الجيل الع شر إل  تدلحت   تدريجي
العنكبمموت  أاممرادلمركمم  اتيتوكسمم زول هامم   اتنتسمم بيالضمم ط  إجممرا  ،وهنممد ن اتبمم مكت
 الأولتطمور المق وممل يمزداد تمدريجي  ممن الجيمل  أنالنت  ا المتحدمل هايهم   أظهرت الأحمر
 . ضعف 54.43 بمقدارالجيل الع شر  إل 

  و و الح مضمم القاممو الجاوتمم ويون و الفوسممف تيز  إنزيممم ت أن أيضمم النتمم  ا  أظهممرت
ن ميك نيكيل المق ومل م  اتب مكت   دور ا مله الكولين استريزو  اوسف ت –تراى  -ادينوزين 

،  045.44، .15.3.، 53..51 :كم تت ل ام  السمةلل المق ومم الإنزيمم ت همه وزاد نش ط 
ومممل المق   هامم  التمموال  مق رنتمم  ب لسممةلل الحس سممل  ،و  امم  ح لممل السممةلل  ٪ 0.50، 5..4

  540.35ودمل الم      حيم مرتفعمم  الجاوتم ويون إنمزي تيتوكسم زول كم ن نشم ط لمركم  ا
  وهام  هلمأ أظهمرت السمةلل المق وممل  ٪ 4.م  النسبل الم ويمل لزيم دة نشم ط الإنمزي    ضعف

 444.من أاراد العنكبوت الأحمر لمرك  اتيتوكس زول نش ط  ه لي   لإنزي  الكمولين اسمتريز
 .% .055.4  ة نش ط الإنزي  م  النسبل الم ويل لزي د

 
 قام بتحكيم البحث
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