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An experiment of controlling apricot moth Anarsia lineatella larvae in almond using pesticides based on single active ingredients 
Carmit Sofer Arad, Plant Protection Advisor, Galilee and Golan district, Ministry of Agriculture and Rural Development, Extension Service. 
Raz Dafni—Agrolab, Shalom Berringer, Nadav Yosefian—Makhteshim, Aviad Shahar—Tarsis, Dor Rahmani—Luxembourg, David Sarid—BioYome, Alon Almoz—Tapazol, Ofer Levi—Gadot Agro

Background: 
Apricot moth (peach twig borer, Anarsia lineatela) is a pest that in Israel mainly infests almond, peach, nectarine, apricot, and plum, and has also been observed in cherry. In recent years, inspectors and growers have reported that the extent of damage caused by the moth is rising in several regions of the country.
The pest develops four generations in California (Price and Summers, 1961) and Israel (Reuveni et al., 2010). The life cycle of A. lineatela in Israel has not been studied extensively. Although some information is available from experiments conducted for pesticide licensing and several other studies, a standard management strategy for integrated control of the apricot moth in stone fruit orchards in Israel has not been established (Blichenski Daphna and Michal Shofet, 2003).   
In contrast to the common view that the larvae penetrate almond fruit through the softer pulp before the kernel hardening stage, we found that the Anarsia can penetrate the fruit at any stage (personal knowledge). Damage from A. lineatela can affect a very high percentage of the fruit. Guidelines for A. lineatela control in various countries, presented in an article by Rice et al., 1972, include the application of organic phosphates and oils on the larvae in winter during tree dormancy. In the absence of studies and evidence-based Israeli guidelines for the control of moth larvae emerging from dormancy in the spring and of the first generation of adults in this season, growers spray the orchard with harsh, non-selective preparations before and after flowering. The organic phosphors-based and pyrethroid preparations used are harmful to humans, the environment, and bees. In addition, some of the preparations are only partially effective and could have contributed to the increased moth infestations. The aim of the current experiment was to test the effectiveness of environmentally friendly, selective preparations with low toxicity in bees. We tested pesticides based on single active ingredients and not currently integrated into apricot moth control schemes. Investigating existing (some are not licensed yet) and new pesticides could promote the development of integrated and informed pest management strategies for controlling apricot moth in almond and other stone fruit orchards throughout the country. 



Experiment site:
	Malkia Almond orchard

	Variety
	Umm el-Fahm

	Year planted 
	2018



Experiment design:
Table 1 The pesticides tested in the experiment, classified under different IRAC groups and based on single active ingredients 
*Coragen and Kalimera are licensed for Anarsia in almonds and can be considered standard treatment.
Each treatment was conducted in four random repeats, with five adjacent trees in a row in each repeat.
	Preparation
	MOA
	Active ingredient
	IRAC
	Concentration %
	Company name
	Company agronomist

	[bookmark: _Hlk140487520]Poker
	chloride channel activator
	EMAMECTIN BENZOATE
	6
	0.06
	AGROLAB
	Raz Dafni

	Mavrik
	[bookmark: _Hlk140329884]pyrethroid
	TAU-FLUVALINATE
	3
	0.05
	Adama Makhteshim
	Shalom Berringer

	Mahatz + Bio T Plus
	Surfactant + Bacillus
	SURFACTANT + BTK
	Biologic
	0.4 + 0.07
	BioYome
	David Sarid

	Dimilin
	?
	DIFLUBENZUARON
	15
	0.1
	Luxemburg
	Dor Rahmani

	Sparta
	spinosyn
	SPINETORAM
	5
	0.04
	Tarsis
	Aviad Shahar

	Kalimera (licensed)
	neonicotinoid
	THIACLOPRID
	4
	0.02
	Tapazol
	Alon Almoz

	Coragen
(licensed)
	diamide
	CHLORANTRANILIPROLE
	28
	0.01
	Agro Gadot
	Ofer Levi

	No treatment
	
	Control
	
	
	
	


To evaluate the infestation, we collected 20 almonds from the three central trees in each repeat, with a total of 80 almonds per treatment. The almonds were inspected under a stereo microscope to identify stage 1 larvae. 
Baseline evaluation: Ten almonds were tested in each repeat to assess the uniformity of infestation throughout the plot. No differences were observed. (In hindsight, this was not the correct timing to evaluate fruit infestation; the baseline should only consider the consumption of young growth).
A monitoring trap was hung in the plot, and degree days were measured following a successful model tried in the southern part of the Golan this year. 
A pressure sprayer with an independent pump with spraying pipes, a turbo spray gun, Albuz nozzle with a 2mm hole, approximately 2 litres of spray per tree.   
The JMP software (version 8) was used for statistical analysis. Results were analysed by ANOVA, and Student’s t-test was used to determine the statistical significance of normalised values (P<0.05).
 The effectiveness of the preparations was only determined in the first and second generations. 

Table 2 Application dates and dates of evaluation of fruit infestation 
	Dates
	Application
	Degree days
	timing

	12.04.20
	Baseline count
	174
	First generation

	19.04.20
	Application of preparations #1
	292
	First generation

	30.04.20
	Sampling the control to measure the infestation level
	
	

	03.05.20
	Application of preparations #2
	529
	First generation

	28.05.20
	Sampling the control to measure the infestation level
	
	

	31.05.20
	Application of preparations #3
	1119
	Second generation

	11.06.20
	Sampling the control to measure the infestation level
	
	

	01.07.20
	Application of preparations #4
	1887
	Second generation

	09.07.20
	Full analysis: 20 fruit/repeat from all treatments
	
	



Results
Table 3 The level of damage and the number of live larvae in the different treatment groups
	Treatment
	Hull damage
	±SE
	Student’s t
	Kernel damage
	±SE
	Student’s t
	Live larvae
	±SE
	Student’s t

	control
	30
	0.0204
	A
	1.25
	0.0125
	A
	11.25
	2.111
	A

	Kalimera
	13.75
	0.0315
	B
	2.5
	0.025
	A
	7.5
	2.087
	AB

	Mavrik
	11.79
	0.0348
	B
	0
	0
	A
	3.75
	2.048
	AB

	Poker
	11.25
	0.0473
	B
	0
	0
	A
	6.25
	2.048
	AB

	Sparta super
	8.75
	0.0515
	BC
	1.25
	0.0125
	A
	2.5
	2.029
	B

	Coragen
	6.92
	0.0313
	BC
	0
	0
	A
	1.25
	2.025
	B

	Dimilin
	6.25
	0.0239
	BC
	0
	0
	A
	0
	2
	B

	Bio T Plus+ Mahatz 
	1.25
	0.0125
	C
	0
	0
	A
	0
	2
	B


[image: ]Figure 1 The blue bars represent the percentage of fruit with hull damage in the different treatments, the green bars represent the percentage of fruit with kernel damage in the different treatments, and the grey bars represent the percentage of fruit where live larvae were present. The error bars represent the standard errors, and different letters indicate statistically significant differences in each category, determined by Student’s t-test. 

The percentage of hull damage in all the treatment groups differed from the control (blue bars). The Bio T Plus + Mahatz treatment was also significantly different from the Poker, Mavrik, and Kalimera but not from Dimilin, Coragen, and Sparta super, although a trend can be seen in the graph. The percentages of kernel damage were low, and there were no differences between the treatment and control groups. The percentages of fruit with live larvae in Bio T Plus + Mahatz, Dimilin, Coragen, and Sparta super were different from the control but not from the Poker, Mavrik, and Kalimera treatments. No live larvae were found in any of the Bio T Plus + Mahatz and Dimilin treatments, but these groups were not significantly different from the control or the other treatment groups. 

Discussion and summary
In this experiment, we tested preparations routinely used in integrated pest control management programmes and found that some preparations from different groups effectively control Anarsia. Preparations that are not currently licensed will be recommended for licensing, as we aim to increase the number of available options for pest control by selective preparations that are friendly to humans and the environment. The Anarsia larvae can penetrate the kernel at any developmental stage of the fruit. Although the percentage of fruit infestation in this study was low, the live larvae we found in the hull and kernel are potentially harmful to the kernel, and, therefore, we recommend that treatment against Anarsia in almond orchards should be based on examination of young growth, fruit, monitoring traps, and the history of infestation. In the current project, we used four applications at different times during the first and second generations. However, differences between the treatments were only apparent following the fourth application. Further investigations are required to develop an integrated pest management program for apricot moth in almond and other stone fruit orchards in Israel. Future research will examine the timing of treatment application and the optimal use of environmentally friendly methods, including selective preparations, mating disruption, and sanitation. Our study also emphasises the importance of examining the almonds under a stereo microscope in the lab, where we identified damage and larvae that were not visible when examining the fruit at the orchard. Penetration of stage 1 Anarsia larvae can be invisible under a magnifying glass, as demonstrated in the photographs below, and can lead to monitoring errors. Our examination found no eggs on the fruit.


[image: ][image: ]
 




Anarsia larva at stage 12, kernel damage
Photography: Dor Rahmani






An opening site of Anarsia larva penetration
Stereo microscope photograph by Ze’evik Farkash

*Poker, Bio T Plus, and Dimilin are under licensing processes and were not licensed for Anarsia control in almond at the time of the experiment.
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