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ABSTRACT 
	Cucumber Mosaic Virus is a ubiquitous pathogen and a member of the genus Cucumovirus from the family Bromoviridae. It is a globally distributed pathogen responsible for causing disease and severe yield and quality losses in various vegetables and pulse crops, ornamentals, medicinal plants and weeds reported in world. The present study, conducted during Rabi-2024 at the Department of Plant Pathology, College of Agriculture, Latur to evaluate the efficacy of management strategies involving insecticides, chemicals, oils and plant extract in managing CMV in cucumber. Results indicated that different insecticides including (Imidacloprid 17.8 SL, Thiamethoxam 25 WG and Dimethoate 30 EC), chemicals (Salicylic acid), oils (Neem oil and Karanj oil) and Clove extract were used. Among these treatments, (T₁) imidacloprid 17.8 SL was found to be the most effective in reducing disease incidence by 48.66%, lowering mean aphid population to 1.98 aphids/leaf and achieving the highest yield (16.23 t/ha) as compared to untreated control. This demonstrates the strong potential of systemic insecticides in achieving rapid and consistent pest control under conventional farming practices. Treatment (T₆) Karanj oil was the least effective, with mean disease incidence of 23.11%, mean aphid population of 3.22 aphids/leaf and yield of 13.62 t/ha. 
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1. INTRODUCTION 
Cucumber (Cucumis sativus L.) is among the most popular and extensively grown warm season vegetable crops belonging to the family Cucurbitaceae (2n = 14). It is widely cultivated in tropical and sub-tropical regions. Out of 118 genera and 825 species of cucurbits, 36 genera and 100 species are found in India (Chakravarty et. al., 1982). It contains 95% water, potassium, folic acid, vitamin A and C (Akbar et. al., 2015). Globally, cucumber production has reached 71.36 million tonnes. It is cultivated commercially in many countries including India, China, Turkey, Iran, Japan and the United States. India ranks 27 by producing 2,15,797.28 tonnes of cucumber in the world (Anonymous, 2018). In India, cucumber is mostly grown in West Bengal, Madhya Pradesh, Haryana and Karnataka etc. In India, cucumber is cultivated on an area of 1,30,000 hectares, with a total production of 1.55 million metric tonnes. (Anonymous, 2024).  In Maharashtra cucumber occupies an area of 7,145 hectare and production of 56,598 tonnes. The major cucumber growing districts are Pune, Nashik, Satara, Thane, Osmanabad and Raigad. 
Among cucurbits, Cucumber is the second most cultivated crop after watermelon, which is affected by many biotic and abiotic factors. It is prone to several serious diseases such as mosaic, wilt, anthracnose, seedling blight, downy mildew and root rot. The cucumber production and productivity are hinder due to various viral diseases including watermelon mosaic virus (WMV), zucchini yellow mosaic virus (ZYMV), cucumber mosaic virus (CMV) and tobacco mosaic virus (TMV) (Sydanmesta and Mbanzibwa, 2016; Biswas and Ghosh, 2018). Among these, cucumber mosaic virus (CMV) stands out as one of the most economically damaging diseases, leading to yield losses upto 100% (Zitter and Murphy, 2009). CMV was first reported as causal agent infecting cucumber plants (Doolittle, 1916). Cucumber plants may become infected at any growth stage, from seedling to full maturity which typically showed symptoms as mottled leaf pattern with light and dark green areas, stunting, malformation. Fruits appear mottled, deformed and malformed. Necrosis, reduced yield and discoloration are also common in infected plants (Davis and Whitaker, 1962; Takanami, 1981; Palukaitis et. al., 1992). Plants infected with CMV showed necrotic symptoms, growth reduction and stunting. In later stage of infection, leaflets became narrower, slender and exhibited malformation. Affected leaves became distorted to give a fern leaf type appearance or a tendril shape (Montasser et. al., 2006). In melon and cucumber, CMV induced typical mosaic leaf symptoms accompanied by plant stunting, yield reduction and necrosis. The disease symptoms due to CMV were variable and included chlorosis, systemic necrosis, dwarfing and leaf malformation depending on the host species, CMV strain specificities. Infected leaves become wrinkled, curled, reducing their ability to perform photosynthesis efficiently (Mochizuki and Ohki, 2012). 
Cucumber mosaic virus can be transmitted by several aphid species and is known to infect more than 1000 species of different plants in 365 genera of 85 families. Such a wide host range may provide viral inoculum throughout the year for infection (Gallitelli, 2000). CMV is easily transmitted by mechanical inoculation and also through more than 80 aphid species in non-persistent manner. It was reported that, cotton aphid (Aphis gossypii), green peach aphid (Myzus persicae) and cowpea aphid (Aphis craccivora) are the primary aphid species for this virus (Edwardson and Christie, 1991; Palukaitis and Garcia-Arenal, 2003). The planting of resistant crops can help control CMV, yet many crop species lack resistance to a wide variety of CMV strains because the virus spreads non-persistently. The use of insecticides lowers the aphid population and so slow the infection’s progression (Joshi et. al., 2023). Management of CMV primarily relies on controlling aphid vectors using insecticides. Also, oils and botanical extracts like neem oil and garlic extract have demonstrated efficacy in suppressing both the virus and its vectors (Khan et. al., 2011). CMV of cucumber may be effectively managed through integration of netting seedlings, use of yellow sticky traps, polythene mulch and four sprayings of imidacloprid 0.1% or Bio-neem 0.2% at 15 days interval (Rahman et. al., 2020). Keeping in view the above-mentioned facts, the present study was undertaken to assess various management approaches against CMV in cucumber.

2. materialS and methods
Transplanting of plants for disease management
Cucumber (Cucumis sativus L.) seeds of cultivar poona kheera were sown and maintained on trial field for management. The experiment comprised of 8 treatments (including the control) was laid out in Randomized block design (RBD) with 3 replications at Department of Plant Pathology, College of Agriculture, Latur. CMV is transmitted by aphids; therefore, insect control was used as an indirect approach to manage cucumber mosaic disease in cucumber under natural field conditions, each treatment received three sprays. The first spray was applied immediately after the initial appearance of disease symptoms in the field, followed by two additional sprays at 10 days interval. Unsprayed plots were maintained as a check. To determine the effect of different management packages, following treatments were used on main field:

Treatment details
Table 1. Treatments of the experiment
	Treatment no. 
	Treatments 
	Dose of spraying

	T1
	Spray with Imidacloprid 17.8 SL
	0.03%

	T2
	Spray with Thiamethoxam 25 WG
	0.025%

	T3
	Spray with Dimethoate 30 EC
	0.04%

	T4
	Spray with Salicylic acid
	100 ppm

	T5
	Spray with Neem oil
	5ml/L

	T6
	Spray with Karanj oil
	5ml/L

	T7
	Spray with Garlic (clove extract)
	10%

	T8
	Untreated (control)
	-



Observations recorded
Plants were examined on a routine basis for appearance of any symptoms of mosaic disease. The efficacy of treatments was evaluated based on disease incidence and it was calculated using the following formula:

                                                        Number of infected plants in plot 
Per cent disease incidence   =                                                                       X    100
                                                           Total number of plants in plot 


Per cent disease inhibition over control was calculated by using the formula:

                                                         C   –   T 
Per cent disease inhibition   =                                X   100
                                                              C
Where, 
C = per cent disease in control plot
T = per cent disease in treated plot

For each plot, the vector population was assessed by randomly selecting five plants. The observations on aphid count were taken before first spraying and after first, second and third spraying. The mean vector count was then computed using data from three replications for every treatment. Additionally, fruit yield data were collected for each treatment.

3. results and discussion

Aphid population dynamics
The effect of different management options on aphid population per leaf in cucumber plants varied significantly among the treatments tested (Table 2). Two days after each spraying, a progressive reduction in aphid numbers was observed in all treated plots compared to the untreated control (T₈), which consistently recorded the highest aphid population (mean 4.24 aphids/leaf). Significantly lower number of aphids was recorded from plants treated with Imidacloprid 17.8 SL (T₁) recorded the lowest mean aphid population (1.98 aphids/leaf), followed by T₂ Thiomethoxam 25 WG (2.28 aphids/leaf) and T₅ Neem oil (2.56 aphids/leaf). Imidacloprid is a well-established insecticide being registered in more than 70 countries for foliar, soil application as well as seed treatment. Chemically, imidacloprid is a systemic pesticide with physical/chemical properties that allow residues to move into treated plants and then throughout the plant via xylem transport, then enter the target pest by ingestion or direct contact, disrupting insect’s nervous system resulting in subsequent death of the insect (Leicht, 1993). The efficacy of treatments like imidacloprid and thiamethoxam reduced aphid population significantly and found superior over untreated plot and its foliar application recorded least aphid count of 2.44 aphids/leaf followed by thiamethoxam 25 WG (Day et. al., 2005). Imidacloprid as an effective insecticide caused 100% mortality in resistant population of aphid due to different mode of action and systemic as well as contact insecticidal properties (Vostrel, 1998). Imidacloprid showed quick knock down effect on aphids, due to interference with transmission of impulses to the nervous system of insects (Gourmet et. al., 1994). Neem based formulations have been shown to be highly effective in controlling aphid populations in cucurbits (Sharma et. al., 2017). Other treatments like, T₃ Dimethoate (30 EC) and T₄ Salicylic acid recorded 2.74 aphids/leaf and 3.03 aphids/leaf, respectively. Garlic extract (T₇) treatment recorded an average aphid population of 3.04 aphids per leaf, which was higher than most treatments but lower than the untreated control. Overall, chemical insecticides provided faster and greater suppression of aphid populations compared to botanicals and plant extracts, with Imidacloprid achieving the highest control efficiency.



Table 2. Aphid population dynamics influenced by spraying insecticides, chemicals, oils and plant extract in cucumber cv. Poona kheera
	Treatments 
	Dose of spraying
	Number of aphids/leaf*

	
	
	Before I spray
	After I spray
	After II spray
	After III spray
	mean

	T1- Imidacloprid 17.8 SL
	0.03%
	3.26
(1.93)**
	2.33
(1.68)
	1.40
(1.37)
	0.93
(1.19)
	1.98
(1.57)

	T2-Thiomethoxam 25 WG
	0.025%
	3.33
(1.95)
	2.66
(1.77)
	1.93
(1.55)
	1.20
(1.30)
	2.28
(1.66)

	T3- Dimethoate 30 EC
	0.04%
	3.40
(1.97)
	3.00
(1.87)
	2.66
(1.77)
	1.93
(1.55)
	2.74
(1.80)

	T4- Salicylic acid
	100 ppm
	3.60
(2.02)
	3.13
(1.90)
	2.86
(1.83)
	2.53
(1.74)
	3.03
(1.87)

	T5- Neem oil
	5ml/L
	3.53
(2.00)
	2.93
(1.85)
	2.20
(1.64)
	1.60
(1.45)
	2.56
(1.74)

	T6- Karanj oil
	5ml/L
	3.46
(1.98)
	3.34
(1.95)
	3.15
(1.91)
	2.93
(1.85)
	3.22
(1.92)

	T7- Garlic (clove extract)
	10%
	3.29
(1.94)
	3.20
(1.92)
	3.00
(1.87)
	2.67
(1.78)
	3.04
(1.88)

	T8- untreated control
	-
	3.80
(2.07)
	4.13
(2.15)
	4.40
(2.21)
	4.65
(2.27)
	4.24
(2.17)

	S.E.±
	-
	0.13
	0.12
	0.11
	0.18
	-

	C.D. @ 5%
	-
	NS
	0.36
	0.33
	0.56
	-


* = Average of three replications, ** = Figures in parenthesis are transform values.

Disease incidence 
All the evaluated treatments reduced the cucumber mosaic virus disease incidence significantly and improved yield compared to untreated control (Table 3). Incidence of CMV under all the management treatments (T₁ to T₇) ranged from 15.34 to 23.11 %, which was lower than control. The highest disease incidence was recorded from control (T₈) 29.88%. Imidacloprid 17.8 SL (T₁) was most effective, recording the lowest mean incidence (15.34%) with the highest yield (16.23 t/ha) followed by Thiomethoxam 25 WG (T₂) and Neem oil (T₅) with incidences of 15.62% and 17.00%, and yields of 15.93 t/ha and 15.63 t/ha, respectively. Dimethoate 30 EC (T₃) showed moderate control and yield (15.16 t/ha), while Salicylic acid (T₄) treatment recorded a mean CMV incidence of 19.63% and produced a yield of 14.70 t/ha, indicating moderate efficacy in both disease suppression and yield improvement. Garlic extract (T₇) and Karanj oil (T₆) were least effective, with higher incidences (21.61% and 23.11%) and lower yields (14.27 and 13.62 t/ha). Foliar spraying with imidacloprid @0.2ml/L at 30,45,60 and 75 days after sowing showed the lowest disease incidence of 22.22% and yield of 38.55 q/ha throughout the cropping period (Dey et. al., 2025). Seed treatment with imidacloprid @ 8g/kg + seedling dip in imidacloprid @1 ml/L at transplanting + spray application of imidacloprid 0.5 ml/L at 60, 75, 90 and 105 DAT showed less disease incidence (28.51%) and increased yield (Rao et. al., 2013). Treatment including imidacloprid was found to be the most effective in reducing disease incidence to 9.67% and maximized yield up to 13.07 t/ha (Rahman et. al., 2020). Neem oil was inferior to imidacloprid with respect to the aphid control, reduction of mosaic disease and yield of cucumber. Neem products possess insecticidal properties and they are relatively safe bio-pesticides (Men et. al., 2002). These results highlight that effective vector management, particularly with systemic insecticides, not only suppresses CMV incidence but also maximizes yield. Whereas certain botanicals offer eco-friendly alternatives that could be integrated into sustainable management practices.





Table 3. Effect of management packages on disease incidence and yield of cucumber
	Treatments 
	Dose of spraying
	Disease incidence (%)*
	Yield (t/ha)

	
	
	Before I spray
	After I spray
	After II spray
	After III spray
	Mean 
	Per cent disease inhibition
	

	T1 – Imidacloprid 17.8 SL
	0.03%
	9.37
(17.82) **
	13.54
(21.59)
	17.64
(24.83)
	20.83
(27.15)
	15.34
(23.05)
	48.66
	16.23

	T2 – Thiomethoxam 25 WG
	0.025%
	10.41
(18.82)
	14.58
(22.44)
	17.70
(24.87)
	19.79
(26.41)
	15.62
(23.27)
	47.72
	15.93

	T3 – Dimethoate 30 EC
	0.04%
	12.50
(20.70)
	17.35
(24.61)
	22.40
(28.24)
	23.95
(29.30)
	19.05
(25.87)
	36.24
	15.16

	T4 – Salicylic acid
	100 ppm
	14.58
(22.44)
	17.70
(24.87)
	21.64
(27.72)
	24.60
(29.73)
	19.63
(26.29)
	34.30
	14.70

	T5 – Neem oil
	5ml/L
	11.45
(19.77)
	14.90
(22.70)
	19.79
(26.41)
	21.87
(27.88)
	17.00
(24.35)
	43.10
	15.63

	T6 – Karanj oil
	5ml/L
	20.40
(26.85)
	21.42
(27.56)
	24.60
(29.73)
	26.04
(30.68)
	23.11
(28.73)
	22.65
	13.62

	T7 – Garlic (Clove extract)
	10%
	16.66
(24.08)
	20.83
(27.15)
	23.95
(29.30)
	25.00
(30)
	21.61
(27.70)
	27.67
	14.27

	T8 – untreated control
	-
	25.90
(30.59)
	29.05
(32.61)
	31.25
(33.98)
	33.33
(35.26)
	29.88
(33.13)
	-
	9.89

	S.E.±
	-
	1.56
	1.32
	1.37
	1.51
	-
	-
	0.20

	C.D. @ 5%
	-
	NS
	3.98
	4.13
	4.55
	-
	-
	0.61


* = Average of three replications, ** = Figures in parenthesis are arcsine transform values.
Fig. 1. Effect of spraying insecticides, chemicals, oils and plant extract on disease incidence and yield in cucumber cv. Poona kheera


4. CONCLUSION
The present investigation confirmed that vector control played a pivotal role in reducing cucumber mosaic virus (CMV) disease incidence, thereby enhancing fruit yield. Among all treatments, Imidacloprid 17.8 SL was most effective, recording the lowest aphid population (1.98 aphids/leaf), minimum mean disease incidence (15.34%) and the highest yield of (16.23 t/ha). Thiomethoxam 25 WG and Neem oil followed in efficacy with aphid population (2.28 aphids/leaf and 2.56 aphids/leaf), disease incidence (15.62% and 17.00%) and fruit yield of (15.93 t/ha and 15.63 t/ha), respectively, while Karanj oil proved least effective. Overall, the findings highlight that timely and strategic insecticidal application, particularly using Imidacloprid, is essential for effective CMV suppression, improved crop yield, and enhanced economic returns for cucumber growers.
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