



Interactive response of methyl eugenol and cue lure against Bactrocera zonata (Hendel) and B. cucurbitae (Coquillett) in different host habitats
Abstract

The management of tephritid fruit flies, particularly Bactrocera zonata (Hendel) and B. cucurbitae (Coquillett), poses a significant challenge to fruit and vegetable exports due to stringent phytosanitary regulations. This study aimed to optimize male annihilation techniques using methyl eugenol (ME) and cue-lure (Cu) to enhance their attractiveness and cost-effectiveness in different host habitats
—bitter gourd, bottle gourd, guava, and mango. The findings underscore the importance of tailoring trap configurations to specific host environments for optimal efficacy. Furthermore, the study highlights the antagonistic interactions observed when ME and Cu are mixed, which diminishes their individual attractiveness to their respective target species. 
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Introduction
India is the largest producer of fruits and vegetables in the world, next to China. As per National Horticulture Database (2nd Advance Estimates) published by National Horticulture Board, during 2023-24, India produced 112.62 million metric tonnes of fruits and 204.96 million metric tonnes of vegetables. The area under cultivation of fruits stood at 7.04 million hectares while vegetables were cultivated at 11.11 million hectares
. Amongst the different groups of vegetables, cucurbits form an important crop group grown extensively in India (Nair et al., 2021). A complex of several fruit fly species are responsible in serious crop losses in cucurbitaceous vegetables in India and in many cases make the cultivation of this high valued group of vegetables unprofitable (Sawai et al., 2019).

Among the different groups of vegetables, the cucurbits form an important group of vegetable crops cultivated extensively in India and many other countries. Among the different groups of vegetables, the cucurbits form an important group of vegetable crops cultivated extensively in India and many other countries. A complex of several fruit fly species are responsible in serious crop losses in cucurbitaceous vegetables in India and in many cases make the cultivation of this high valued group of vegetables unprofitable.
Worldwide, an important aspect of invasive insect pest management is more effective, safer detection and control systems (Vargas et al., 2010). In order to better control of any insect pest in field condition, accurate knowledge about its seasonal fluctuation, relative abundance on concerned crops is required. Methyl eugenol (ME) (4-allyl-1, 2-dimethoxybenzene-carboxylate), cue-lure (C-L) 
(4-(p-acetoxyphenyl)-2-butanone), and raspberry ketone (RK) (4-(p-hydroxyphenyl)-2-butanone) are powerful male fruit fly-specific lures (Vargas et al., 2010) and widely used in monitoring and management programmes of the respective fruit flies.  
Innumerate literatures have shown limitations of the chemical insecticides with concerning environmental implications as well as in controlling the pests including tephritid fruit flies. Therefore, the utilization of Male Annihilation Techniques (MAT), which is effective, ecofriendly, highly specific to the target, easy to use and key components of integrated pest management (IPM) program (Kaya &
 Lacey, 2012; Mandal et al
., 2012; Steinwand, 2008) is being emphasized. Keeping this in view, this study was commenced with a view to receive some extra compensation especially the increased attractiveness of methyl eugenol and cue-lure by using their different combinations against both Bactrocera zonata (Hendel) and B. cucurbitae (Coquillett) in different host habitats. This approach would be useful to reduce the cost of application of Male annihilation techniques especially for Area-wide management of fruit flies. 
Materials and Methods

This experiment was conducted in Farmer’s field in Aligarh to achieve proposed target in different (bitter gourd, bottle gourd, guava and mango) host habitat
. Water bottle traps containing 100 ml water and 0.1ml Me/Cu were used as pure and mixtures were prepared through micropipette in different (Me: Cu
; 4:1, 3:1, 2:1, 1:1, 1:2, 1:3, 1:4) ratio
. Traps were installed with five replications (10 m distance to each other) in each host habitat with approximately similar size and repeated at three (>500 m distance) locations. Observations were taken weekly during the study period.
Data were subjected to analysis of variance (ANOVA) by using Minitab and means were separated through the pair wise comparison procedure by using the (Tukey’s test), so that the efficacy of different combinations could be compared to each other and their relative efficacy could be adjusted
.
Results and discussions

Consequences drawn out from the data reveals that the number of B. zonata male flies captured with pure Me
 in guava (76.4) and mango (74.2) orchard were significantly higher then
 the Bottle gourd (20.8) and Bitter gourd (16.4) crop field and vice versa. B. cucurbitae male flies captured with pure Cu in Bitter gourd (54.0) and Bottle gourd (45.6) crop field were significantly higher then the guava (22.2) and mango (20.4) orchard. On the basis of host habitat, responsiveness of B. zonata to Me and B. cucurbitae to Cu could be arrange in descending order as; Guava>Mango>Bottle gourd>Bitter gourd and Bitter gourd > Bottle gourd > Guava >Mango. 
In the case of mixtures of Me and Cu, responsiveness of B. zonata to Me, significantly decrease with increase in Cu ratio and become zero at 1:1 ratio in bitter gourd and bottle gourd. Cu biased
 (Me: Cu; 1:2, 1:3 and 1:4) concentrations and pure Cu received zero response of B. zonata in all mentioned host habitats. Me biased (Me: Cu; 4:1, 3:1 and 2:1) concentrations also received significantly reduced response of B. zonata compared with pure Me. However, response of B. cucurbitae to Cu biased (Me: Cu; 1:2, 1:3 and 1:4) concentrations found non significantly different in bitter gourd, bottle gourd, guava and mango, except in bitter gourd at 1:2 ratio. 1:3 and 1:4 ratio received significantly similar response of B. cucurbitae as to the pure Cu in all host habitats. Me biased (Me: Cu; 4:1, 3:1 and 2:1) concentrations reduced the response of B. cucurbitae to Cu significantly as compared with Cu biased concentration and pure Cu. No response of B. cucurbitae was recorded to pure Me. 
Methyl eugenol had no attractive effect on D. cucurbitae
, but when mixed with cue-lure at 3:7 parts by volume it exerted a synergistic effect on the pheromone. Another benefit from trapping was the large number of nontarget insects left to pollinate the crops. (Ramsamy et al., 1987).

Table I: Number of fruit flies captured with different treatments

	S. No.
	Treatments
	Fruit fly 

(Bactrocera spp.)
	Number of fruit flies captured

 in different habitat

	CD      

   
	PPF

F


	P


	
	
	
	Bitter gourd
	Bottle gourd
	Guava
	Mango
	
	
	

	1
	Methyl eugenol(Me)
	B. zonata
	16.4Ae
	20.8Ad
	76.4Be
	74.2Bf
	7.92
	0.54
	0.711

	
	
	B. cucurbitae
	0Aa
	0Aa
	0Aa
	0Aa
	0
	0
	0

	2
	Cue lure(Cu)
	B. zonata
	0Aa
	0Aa
	0Aa
	0Aa
	0
	0
	0

	
	
	B. cucurbitae
	54.0Cg
	45.6Bf
	22.2Ad
	20.4Af
	5.49
	1.52
	0.257

	3
	Me:Cu (4:1)
	B. zonata
	9.4Ad
	11.8Ac
	41.2Bd
	35.2Bd
	3.73
	1.74
	0.205

	
	
	B. cucurbitae
	25.2Cb
	21.2Bb
	3.2Aab
	1.4Ab
	2.54
	2.81
	0.074

	4
	Me:Cu (3:1)
	B. zonata
	4.6Ac
	5.4Aab
	23.2Bc
	20.6Bc
	3.48
	0.31
	0.864

	
	
	B. cucurbitae
	34.6Cc
	23.2Bb
	7.2Ab
	6.4Ac
	4.77
	0.37
	0.825

	5
	Me:Cu (2:1)
	B. zonata
	2.4Ab
	3.8ABb
	8.2Cb
	5.8BCb
	2.97
	0.31
	0.869

	
	
	B. cucurbitae
	38.8Cd
	33.4Bc
	13.8Ac
	11.4Ad
	3.63
	2.45
	0.103


	6
	Me:Cu (1:1)
	B. zonata
	0Aa
	0Aa
	2.8Ba
	1.6Ba
	1.5
	1.95
	0.167

	
	
	B. cucurbitae
	43.2Ce
	35.6Bc
	15.2Ac
	13.6Ad
	3.46
	1.12
	0.392

	7
	Me:Cu (1:2)
	B. zonata
	0Aa
	0Aa
	0Aa
	0Aa
	0
	0
	0

	
	
	B. cucurbitae
	48.6Cf
	39.4Bd
	18.2Ad
	17.4Ae
	3.48
	0.62
	0.065

	8
	Me:Cu (1:3)
	B. zonata
	0Aa
	0Aa
	0Aa
	0Aa
	0
	0
	0

	
	
	B. cucurbitae
	52.2Cfg
	41.0Bd
	19.6Ad
	18.8Aef
	3.62
	2.20
	0.130

	9
	Me:Cu (1:4)
	B. zonata
	0Aa
	0Aa
	0Aa
	0Aa
	0
	0
	0

	
	
	B. cucurbitae
	52.4Cg
	43.2Bdf
	21.6Ad
	20.8Aef
	3.86
	4.68
	0.017

	
	 CD
	B. zonata
	1.94
	2.13
	4.19
	3.38
	-
	-
	-

	
	
	B. cucurbitae
	3.75
	3.45
	4.34
	3.39
	-
	-
	-

	
	F
	B. zonata
	1.03
	0.53
	0.27
	1.01
	-
	-
	-

	
	
	B. cucurbitae
	2.09
	0.77
	1.74
	0.36
	-
	-
	-

	
	P
	B. zonata
	0.408
	0.711
	0.894
	0.416
	-
	-
	-

	
	
	B. cucurbitae
	0.106
	0.550
	0.165
	0.836
	-
	-
	-


Conclusion

Host wise standardization of traps number is needed to make this technique economic and effective as captures of fruit flies varied with their host area. While mixing of both lures produce antagonistic effects to their respective fruit fly and no Bactrocera spp. has been recorded that responds to both methyl eugenol and cue lure as pure or in different combination.  
Highlights

1. Results showed that B. zonata was more attracted to ME in guava and mango orchards, while B. cucurbitae was more responsive to Cu in bitter and bottle gourds.
2. Host-specific trap standardization is needed for cost-effective management of fruit flies. 
3. It is important not to mix ME and Cu, as this results in reduced attractiveness for both target species​.
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