


Efficiency of some pesticides and botanicals in controlling the two-spotted spider mite Tetranychus urticae Koch (Acari: Tetranychidae) on lemon trees	Comment by Anonymous: Title should be:
1. Comparative efficacy of pesticides and botanicals in managing the two-spotted spider mite Tetranychus urticae Koch (Acari: Tetranychidae) on lemon trees
2. Assessing the effectiveness of chemical pesticides and botanicals in managing Tetranychus urticae Koch on lemon trees

Abstract
This study was conducted for examine pesticides Oxymatrin and Fenpyroximate, and hot aqueous extracts of Tephrosia sp and Populus euphratica on the adult and egg stages of the two-spotted red mite Tetranychus urticae Koch (Acari: Tetranychidae), on lemon plant Citrus limon L. As for the findings, chemical pesticide Fenpyroximate was obvious in reduction T. urticae eggs hatching to 24.72 compared to the pesticide Oxymatrin which recorded a hatching rate of 28.06%. In general, the hatching rate decreased clearly with the effect of increasing the concentration of the pesticide. As for the case of adults, Fenpyroximate also recorded the highest mortality rate of 73.06 compared to the Oxymatrin which recorded 70.56%. The 3-day period after treatment was the best in the mortality rate of adults compared to the other time periods. The plant extracts also had a clear effect on the eggs and adults of the used mites, as the Tephrosia weed recorded a higher effect than the P. euphratica extract on the hatching percentage with values ​​of 73.06% and 76.39% respectively. Increasing the concentration of the plant extract to 1.5% led to the highest reduction in the hatching percentage. The mortality rate of adults recorded a clear increase due to the effect of the Hawira extract 47.71% compared to the Gharb grass which recorded 15.00% mortality which increased over the period of time after treatment with significant differences.	Comment by Anonymous: Oxymatrin (70.56%).	Comment by Anonymous: The best mortality rate of adults was 3-day after treatment as compared to the other time periods.
Introduction	Comment by Anonymous: Write about yield losses reported due to this mite in lemon orchard in your region 
Lemon Citrus limon L. is one of the most important citrus species in the genus Citrus, where the northeastern regions of India and southwestern China are its original homeland (Ismail and Zhang, 2004). The number of lemon trees planted in Iraq is about 291,487 trees, with an estimated production of about 5,178 tons, with an average production of one tree that is relatively low, not exceeding 18.4 kg. (Central Statistical Organization, 2020). Local lemons are trees of economic importance in Iraq, characterized by their good quality, small, juicy fruits, thin peel, and a lower acidity rate than other global varieties, in addition to their nutritional and therapeutic importance (Forte, 2011).
Lemon is affected by a number of pests, including insect pests such as mealybugs and scale insects, and it is also affected by other non-insect pests, the most important of which is the two-spotted red mite T. urticae. It is of significance economic plant pest. As they thrive on more than 1,100 plant species belonging to more than 150 economically important crop plants (Santamaria et al., 2020). High infestation with the two-spotted spider mites is severe on the leaves, disrupts the chlorophyll pigment and greatly reduces the efficiency and health of the plant. The mite protects itself with a web of tissue that protects it from its biological enemies, and it also uses it to move from one place to another in case of severe infection. The site of infection and the resulting webbing encourage dust accumulation, so the plants appear dusty (Hamida, 2011; Al-Mallah, 2009; Wertheim, 2005).
In recent years, the importance of the mites has increased as a result of environmental changes suitable for growth, which contribute significantly to some of them becoming major pests in open and protected agriculture and have become highly virulent pests such as the two-spotted red mite T. tuticae. It is a parasite showing high activity, spread and possessing chemicals resistance (Zhang et al., 2021 and Mavridis et al., 2021). Therefore, the trend has been towards integrated control to keep the harmful mites below the economic damage, by implementing resistance in the plants, monitoring the pest spread, and appearance prediction (Al-Dahwi, 2008 and Al-Shajri, 2018). This does not dispense with chemical control, as a method that cannot be neglected, but must be carried out with human and environmental precautions and limitations (Al-Azzizi, 2015). Al-Abbas (2021) showed that chemical pesticides are the most effective in reducing the numbers of the red mites compared to other factors such as the use of predators and pathogens. Some plant extracts were also used to control the pest, as Mutab (2022) found that the boiled water extract of the night flower Mirabilis jalapa plant, compared to the extract of pepper, cinnamon and conocarpus fruits, was the most effective in reducing egg hatching and increasing mortality of other stages. Given the economic importance of the lemon plant and the damage caused by the red two-spotted mite T. urticae, This study aimed to conduct a field survey in the Abbasiya district of citrus orchards to measure the percentage and severity of infection on citrus trees (orange, orange, lemon) and evaluate the efficiency of different concentrations of the chemical pesticide Oxymatrin and the pesticide Fibroxate in mortality of different T. urticae life stages. These will be compared with the efficiency of different concentrations of Tephrosia and P. euphratica extract on the same past's stages in the laboratory protected conditions.	Comment by Anonymous: Italicize	Comment by Anonymous: Italicize
MATERIALS AND METHODS
The red spider mite was obtained from infected lemon trees in one of the orchards in Al-Abbasiya district. The infection on the leaves was brushed down and the mites were collected. Different mites life stages were maintained and breed in a plastic part box divided into 10 sections (Konodo and Takafuji, 1985). To maintain site moisture, each section was provided with a wet sponge cove on leaf sample, were the sponge cuts were moisturized regularly. Adult mites were transferred with a number of 3-2 adult females on each paper disc to lay eggs. Adults were also reared using the method of Mutab, 2022).	Comment by Anonymous: Cite recent reference
Factors used for the treatments under study	Comment by Anonymous: Methods
The chemical pesticides Oxyma and Fibroxamate at 0.5, 1, or 1.5 ml/L concentration levels were prepared. As for the botanicals, the plants leaf extract were prepared by boiling water extract of the leaves of the western trees Populus euphratica and the ground cherry Physalis angulata according to the Harborne (1984) method. The boiling water extract was performed by placing 10 g of the dry plant powder in a glass flask (500 ml), then adding 200 ml of sterile distilled water heated to boiling point with continuous shaking for half an hour, then leaving for half an hour to precipitate the plant parts. Then the filtrate was taken after filtering it through two layers of gauze and centrifuging at 300 rpm for 10 minutes to obtain a clear solution. The solution was dried at 50°C and 0.5, 1 and 1.5 g of the extract was taken to dissolve it in a quantity of distilled water and the volume was completed to 100 ml in order to obtain concentrations of 0.5, 1 and 1.5%, respectively.	Comment by Anonymous: Correct it


Effect of botanicals and chemicals under study on T. urticae hatching
This experiment was carried out on the clean upper leaves of lemon plants using the same previous rearing method. Adult female spider mites were transferred 2-3 on each leaf disc and left for 24 hours, then they were removed after laying eggs and only 10 eggs were kept in each replicate. All leaves were sprayed with plant extracts at concentrations of 0.5, 1 and 1.5% or with chemical pesticides at concentrations of 0.5, 1 and 1.5% each individually until the leaves were completely wet and with three replicates for each treatment at a rate of 1.5 ml/replicate. Post treatment, the leaf samples were incubated provide a temperature of (5 ± 25 °C) and a relative humidity of (5 ± 65%) for hatching eggs. The same procedure was applied without treatment for the control replications (DW only). Then the percentage of hatched eggs was recorded in each replicate after 3, 5 and 7 days of treatment.
Effect of botanicals and chemicals under study on T. urticae adults survivor
This was performed by transferring 10 adult females to lemon plant leaves prepared in the same male method. They were sprayed with concentrations of plant extracts or chemical pesticides of 0.5, 1 and 1.5%, each separately until the leaves were completely wet, with three replicates for each treatment at a rate of 1.5 ml/replicate. Samples were allowed to dry and went to be incubated at temperature of (5 ± 25 °C) and a relative humidity of (5 ± 65%). Readings were taken after 1, 2, 3 and 4 days from the treatment to record the mortality in the mites. Mortality percentage for each treatment was calculated and corrected following Schneider and Orell (Shaaban and Al-Mallah (1993). The control treatment was implemented with the same steps by spraying with distilled water only.
Experimental design and statistical analysis
The treatments were distributed in a factorial experiment according to Completely Randomized Design (C.R.D). As for data analysis, GenStat 12th was applied, The results were analyzed using the factorial experiment model, where averages were compered (P≤0.05) at Least Significant Difference (LSD) (Al-Rawi and Khalaf Allah, 2000).

RESULTS AND DISCUSSION	Comment by Anonymous: Write the conclusion of your study in the end
Effect of pesticides Oxymatrin and Fenpyroximate on T. urticae eggs
The results in Table (1) indicated that Oxymatrin and Fenpyroximate suppressed mites T. urticae egg hatching (%). Fenpyroximate lowered hatching percentage  down to 24.72% compared to 28.06% by Oxymatrin. The highest concentration of both pesticides (1.5 ml/L) recorded the lowest hatching percentage that did not exceed 2.22% with significant differences from the rest of the lower concentrations. It was also found that 3 days after treatment was the highest significantly in reducing the hatching percentage to 19.58% compared to 7 days, which recorded the highest hatching percentage of 32.50%.
Table 1. Effect of pesticides on T. urticae egg hatchability % on lemon leaf
	
Treatments 
Pesticides
	Conc.
%
	Eggs hatching % at days
	Average
	Average
Conc.

	
	
	3
	5
	7
	
	

	


Oxymatrin
	0.5
	13.33
	16.67
	30.00
	
28.06

	0.5

	
	
	
	
	
	
	15.00

	[bookmark: _Hlk187912608]
	1
	3.33
	10.00
	10.00
	
	

	
	
	
	
	
	
	1

	
	
	
	
	
	
	6.11

	
	1.5
	0.00
	3.33
	3.33
	
	

	
	Control
	66.67
	83.33
	96.67
	
	1.5

	
Fenpyroximate
	0.5
	6.67
	10.00
	13.33
	
24.72
	2.22

	
	1
	0.00
	6.67
	6.67
	
	

	
	
	
	
	
	
	Control

	
	
	
	
	
	
	82.22

	
	1.5
	0.00
	3.33
	3.33
	
	

	
	Control
	66.67
	83.33
	96.67
	
	

	Average time
	19.58
	27.08
	32.50
	
	 

	
L.S.D. = 0.05
	Pesticide=2.470
	Conc.=3.494

	
	Time= 3.026
	Inter. = 8.558




It was shown (Table 2) that adult mites T. urticae were also affected by the chemical treatments.  The Fenpyroximate showed higher mortality (73.06)% compared to lower rate by Oxymatrin (70.56%). It was also noted that the highest mortality rate was recorded in the treatment of the highest concentration (1.5 ml/L), which recorded 100% mortality regardless of the type of pesticide, with significant differences from the rest of the other concentrations. The time period of 3 days of treatment was significantly superior to 1 or 2 days with a mortality rate of 76.25% compared to the time period of 1 day, which gave the lowest mortality rate of 66.25%. This came in agreement with Al-Maliki (2018), where he found that the use of the biopesticide Oxymatrine gave good results in controlling the community of red mites. Majeed (2009) also indicated that there were significant effects of different concentrations of the chemical pesticide Fenpyroximate on the mortality rate of all red mite stages when used at concentrations of 0.25, 0.5 and 1.0 ml/L, with a killing rate of 100% for all stages of the mite after 24 hours of treatment. Besides being highly effective, Chemical control applications must be performed with high awareness, concentration precision, and application carefulness for maintaining no or very low toxicity and avoiding environmental pollution (Al-Azzizi, 2015). 
Table 2. Effect of pesticides on adult mortality of the two-spotted spider mite on lemon tree leaves	Comment by Anonymous: Font size- should be 12 in Table
	
Treatments 	Comment by Anonymous: Treatments/Pesticides
Pesticides
	Conc.
%
	Eggs hatching % at days
	Average
	Average
Conc.

	
	
	1
	2
	3
	
	

	


Oxymatrin
	0.5
	62.06
	79.31
	96.43
	70.56
	0.5

	
	1
	93.10
	100.00
	100.00
	
	85.00

	
	1.5
	100.00
	100.00
	100.00
	
	1

	
Fenpyroximate
	0.5
	75.86
	92.85
	100.00
	73.06
	97.22

	
	1
	89.65
	100.00
	100.00
	
	1.5

	
	1.5
	100.00
	100.00
	100.00
	
	100.00

	Average time
	66.25
	72.92
	76.25
	
	

	L.S.D. = 0.05
	Pesticide=2.124
	Conc.=3.004

	
	Time= 2.602
	Inter. = 7.359


Control of the red two-spotted mite T. urticae depends on how to apply the use of some pesticides such as Pyridoben, Fenpyroximate and Fenazaquin, as this pest has the ability to develop resistance to these compounds due to its short life cycle and high reproductive capacity (Ay) and Yorulmaz, 2010). Studies also indicate the efficiency of the biopesticide Abamectin on the biomass and adults of the red two-spotted mite (Al-Suwaidi (2017) (Al-Rubaie (2016) (Rabbi et al., 2021).
The findings in table (3) indicated significant effect of the active substance (Tephrosia and P. euphratica plant extract) on mite's eggs hatchability, as Tephrosia recorded a hatching of 73.06% compared to higher rate by P. euphratica extract that of 76.39%. As for the effect of the studied concentrations of the active substance, significant differences were also recorded between those concentrations, as the highest concentration of the plant extract (1.5 ml/L) gave the lowest hatching rate of 63.33%, with significant differences from the rest of the other concentrations, the most of which was at the control level (DW treated), which had 82.22% hatching rate. The three periods post treatment 3, 5, and 7 DPA also differed in their effect on mite's eggs hatchability. The 3 DPA had much higher effect allowing only hatching of 62.08% while the time period of 7 DPA resulted in highest hatching percentage reached 87.08%. 
In the record of the effect of the total interaction between the active substance, level used  and days post application, there were significant differences between some interactions, as the Tephrosia extract recorded the lowest hatching percentage at 1.5 ml/L and for the 7 DPA, which reached 66.67%, that differed significantly over other interactions, especially the control DW treatment which allowed 96.67% at the same DPA. This is consistent with what Fahid (2014) found that the extract of walnut bark and colocynth prevented the eggs of the mite Araneus alsin from hatching by a percentage of 100%, while the extract of cloves and Conocarpus recorded a percentage of 96 and 67%, respectively, at a concentration of 100%, and that the percentages decreased as the concentration decreased, except for the extract of walnut bark.
Table 3. Effect of plant extract on eggs hatching of the two-spotted spider mite on lemon tree leaves	Comment by Anonymous: Font size is not appropirite.
Font size-12 
2.  Scientific names should be italicized.
	Comment by Anonymous: Plant extracts
	
Treatments 
Pesticides
	Conc.
%
	Eggs hatching % at days
	Average
	Average
Conc.

	
	
	3
	5
	7
	
	

	P. euphratica
	0.5
	66.67
	86.67
	96.67
	

76.39
	0.5

	
	
	
	
	
	
	81.11

	
	1
	63.33
	73.33
	86.67
	
	

	
	
	
	
	
	
	1

	
	
	
	
	
	
	72.22

	
	1.5
	56.67
	63.33
	76.67
	
	

	
	Control
	66.67
	83.33
	96.67
	
	1.5

	Tephrosia sp
	0.5
	63.33
	80.00
	93.33
	73.06
 
	63.33

	
	1
	60.00
	66.67
	83.33
	
	

	
	
	
	
	
	
	Control

	
	
	
	
	
	
	82.22

	
	1.5
	53.33
	63.33
	66.67
	
	

	
	Control
	66.67
	83.33
	96.67
	
	

	Average time
	62.08
	75.00
	87.08
	
	 

	
L.S.D. = 0.05
	Extract=2.839
	Conc.=4.015

	
	Time= 3.477
	Inter. = 9.835



It also can be obvious in table (4) that significant differences were there in case the active substance of the extract effect on the red mite T. urticae adults mortality. Tephrosia showed higher mortality that of 47.71% compared to very low effect by P. euphratica extract, which resulted in only 15%. 
Table 4. Effect of plant extract on adult mortality of the two-spotted spider mite on lemon tree leaves	Comment by Anonymous: extracts
	
Treatment
Plant ext.
	Conc. %
	Corrected adult mortality (days)
	Average
	Conc. 
Average

	
	
	1
	2
	3
	4
	
	

	P. euphratica
	0.5
	3.33
	3.56
	7.13
	7.41
	
15.00
	0.5

	
	1
	13.33
	10.71
	17.85
	18.52
	
	24.17

	
	1.5
	16.67
	14.28
	21.42
	22.22
	
	1

	
Tephrosia sp
	0.5
	23.33
	28.56
	39.27
	46.42
	
47.71
	44.58

	
	1
	30.00
	64.28
	85.71
	92.85
	
	1.5

	
	1.5
	46.67
	71.42
	92.85
	100.00
	
	50.83

	Average
	16.67
	29.17
	37.50
	42.08
	
	

	
L.S.D. = 0.05
	Extract=2.347
	Conc.=3.320

	
	Time= 3.320
	Inter. = 9.390



As for the effect of the studied concentrations of the active substance, significant differences were also recorded between those concentrations, as the highest extract  concentration 1.5 ml/L showed as high as 50.83% mortality, which differed (P≤0.05) significantly from those of lower concentration levels where the lowest (0.5 ml/liter) recorded mortality of 24.17% only. The time factor (1, 2, 3 DPA) differed in its effect among treatments. The 4-day treatment period was significantly superior to all other time periods, as it recorded a mortality rate of 42.08% compared to the 1-day period, which gave the lowest rate 16.67% mortality. Treatment interactions were more effective on mites mortality, the Tephrosia treatment recorded the highest mortality rate suing 1.5 ml/L for the 4-day period, reaching 100%, with significant differences from all other interactions, the lowest of which was in the P.. euphratica treatment at a concentration of 0.5 ml/L, as it recorded 7.41% for the same time period. This is consistent with Fahid (2020) who confirmed that the aqueous extract of ginger Zingiber officinale and cumin Cuminum cyminum gave a mortality rate of 100% in all the life stages "larvae, nymphs and adults" of the two-spotted red mite when each was used at a concentration of 100%. It was also found that garlic extract had a clear effect in causing mortality for adults of the two-spotted red mite as well as reducing egg laying. The researcher pointed out the possibility of using these plant compounds in the integrated control of agricultural pests, including the two-spotted red mite (Mohammadebrahimi and Ahmadi, 2021). Al-Naimi and others (2011) found that the aqueous extracts of Citrullus colocynthis and Syzygium aromaticum cloves were significantly superior to the extract of Lantana camara, as a clear decrease was observed in the number of hatched eggs of the two-spotted red mite, as well as suppressed mites population regardless of life stage (larvae, nymphs and adults).
CONCLUSION	Comment by Anonymous: Write conclusion of your study
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