



BIOEFFICACY OF FLUOXAPIPROLIN 30 G/L + FLUOPICOLIDE 200 G/L SC ON CUCUMBER DOWNY MILDEW 
Abstract

Cucumber Downy mildew caused by Pseudoperonospora cubensis is destructive and major constraint in production, cause extensive damage and reduces fruit yield. The effective management of crop is required from early stage of diseases development which can be assured by proper fungicides. The field experiment was conducted during Kharif 2023 and Rabi 2023 at College of Agriculture, Gangavathi. The fungicides were applied as foliar spray treatment in randomized block design in the replicated plots just after the appearance of downy mildew disease in the main field and standard horticultural practices were adopted. The test fungicide Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC was applied as foliar spray when the initial symptoms of downy mildew appeared on the crop. The observations of downy mildew severity (PDI) were recorded from the randomly selected five plants per plot at just before the application and 7 day after each sprays using 0-9 standard rating scale. During Kharif 2023, the lowest mean PDI (6.28%) was recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha with maximum fruit yield of 16.10 t/ha followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (7.20%) with fruit yield of 16.00 t/ha and highest disease was recorded with untreated control (36.13%) with lowest yield of 10.10 t/ha. Similarly, during Rabi 2023, The lowest mean PDI (5.69%) was recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha with maximum fruit yield of 16.75 t/ha followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (6.63%) with fruit yield of 16.50 t/ha and highest disease was recorded with untreated control (29.76%) with lowest yield of 11.20 t/ha. These results indicated that foliar spray with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500 ml/ha to 625ml/ha once at disease initiation stage and repeated twice at 7 days interval found highly effective in managing the cucumber downy mildew and which helps in good crop growth, resulted in higher yield. 
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INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the oldest cultivated vegetable crop on large scale in open field belongs to the family cucurbitaceae. Cucumber is broadly cultivated vegetable and it is a monoecious creeping vine that bears cucumiform flowers. It is a nutritious and delicious vegetable of tropical part of the world (Bailey, 1969). In India, number of major and minor cucurbits is cultivated, which share about 5.6 per cent of the total vegetable production. The vulnerability of this crop to several biotic and abiotic stresses accounts for its low yield potential and in turn the high cost of production. Several diseases have been reported to attack cucumber crop in field as well as in green house. Alternaria blight, powdery mildew, downy mildew and cucumber mosaic diseases are the major foliar diseases, which are responsible for yield loss and quality parameters in cucumber. The Downy mildew caused by Pseudoperonospora cubensis (Berk. and Curt.) Rostow has become a serious problem in successful cultivation of cucumber. Symptoms first appear as white, sporangial growth appear on the lower surface of the leaves and corresponding upper surface having yellow circular to irregular patches. Sporangiophores appear on lower leaf surface producing brown or colourless zoosporangia through the stomata and cause necrosis of larger leaf areas and finally the death of entire leaf (Miriam et al., 2004). Later it covers entire leaf, leaves become shrinkage, become brown and defoliation may occur. Fruits of the affected plants do not develop fully and remain small. Yield loss due to powdery and downy mildew diseases were estimated to be around 50-70 per cent (Sitterly, 1972). Although there are many cultural practices employed such as crop rotation and fall ploughing and also the use of fungicides, yield loss reported to be around 50-70 per cent (Awad, 2000). Fungicides were used to control downy mildew but still downy mildew occurs. Several fungicides have been tested to control downy mildew (Gupta and Shyam, 1998; Gupta et al., 1993; Robak, 2001; Sharma et al., 2003; Ferenc et al., 2014) but still it occurs and causes reduction in yield and economic loss to the farmers. Therefore, an effective management of crop is required from early stage of diseases development which can be assured by proper fungicides production. Therefore, an effective management of crop is required from early stage of diseases development which can be assured by proper fungicides. In view of the economic importance of the disease in cucumber and in order to find out the good alternative fungicide to control downy mildew the field experiment on the efficacy of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC which is a broad-spectrum systemic fungicide against downy mildew disease of cucumber was conducted.

MATERIAL AND METHODS


The field experiment was conducted during two growing seasons of Kharif 2023 and Rabi 2023 at College of Agriculture, Gangavathi. The experiment was conducted in randomized block design with 8 treatments and 4 replications. The Cucumber Chitra seeds were collected from the market and sown in main field. The crop was raised as per the horticultural practices recommended by University of Horticultural Sciences, Bagalkot, Karnataka (India).
Treatment Details:
	Tr. No.
	Product
	Dose / ha
	Time and No. of application and water volume

	
	
	a.i. (g)
	Formulation (g or ml)
	

	T1
	Untreated Control 
	-
	-
	-

	T2
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	11.25 + 75
	375ml
	1st spray at the onset of the disease i.e., only 1-2 % disease noticed.

2nd and 3rd spray at 7 days interval.

Water Volume: 500L/ha 

Depending upon the stage of the crop and plant protection equipment used.

	T3
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	15 + 100
	500ml
	

	T4
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	18.75 + 125
	625ml
	

	T5
	Fluoxapiprolin 20 g/L
	18.76
	938ml
	

	T6
	Fluopicolide 480 SC
	125.28
	261ml
	

	T7
	Cymoxanil 8% + Mancozeb 64% WP
	120 + 960
	1500g
	

	T8
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	37.5 + 250
	1250ml
	



The fungicides were applied as foliar spray treatment in randomized block design in the replicated plots just after the appearance of downy mildew disease in the main field and standard agronomic practices were adopted for the Kharif 2023 and Rabi 2023 cultivation season. The plots were inspected regularly to see the disease development. The test fungicide Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC was applied as foliar spray using Knapsack sprayer fitted with hollow cone nozzle. The first spray was given when the initial symptoms of downy mildew appeared on the crop. A total of three sprays were taken for downy mildew evaluation at an interval of 7 days. The cucumber crop observation for disease incidence on the downy mildew (Pseudoperonospora cubensis) was recorded from the randomly selected five plants per plot and efficacy of molecule in controlling of the disease. The observations of downy mildew severity (PDI) were recorded at just before the application and 7 day after each sprays using 0-9 standard rating scale (Davidson et al., 2011) and details of which are given in the below table.  

	Score
	Symptoms

	0
	No visual infection / No damage / No symptoms

	1
	Sporangia on  <10% of plant / 1-10 % of symptomatic leaf area

	2
	Light Sporangia on 10-30% of plants / 11-20 % of symptomatic leaf area

	3
	Sporangia covering one leaf on 10-30% of plants / 21-30 % of symptomatic leaf area 

	4
	Disease symptoms (sporangia and necrosis) on more than one leaf of 10-30% of plants / 31-40 % of symptomatic leaf area 

	5
	Disease symptoms (sporangia and necrosis) covering more than one leaf of 10-30% of plants / 41-50 % of symptomatic leaf area 

	6
	Disease symptoms (sporangia and necrosis) on several leaves and on stems of 10-30% of plants / 51-60 % of symptomatic leaf area 

	7
	Disease symptoms (sporangia and necrosis) on many leaves and stems of >30% of plants / 61-70 % of symptomatic leaf area 

	8
	Necrosis on leaves and stems, death of main tillers / 71-80 % of symptomatic leaf area

	9
	Dead plants / 81-100 % symptomatic leaf area or dead


The scale was converted into disease severity (Per cent Disease Index i.e. PDI) using the formula given by wheeler (1969). 

                



 Sum of numerical rating

Percent Disease Index (PDI) =   ----------------------------------------------------------------  X 100





    Total no. of plants observed X Maximum rating scale

The treatments data were subjected to statistical analysis by single factor ANOVA.
On the basis of PDI, Per cent Reduction of Disease over untreated Control (PDC) was calculated using the following formula: 

  C - T      

PDC = ---------- X 100

                                         C  

Where C = PDI of untreated control

   
T= PDI of treatment
Fruit yield

Fruits from each treatment were harvested separately and yield per plot was recorded. The yield data of the net plot was recorded separately from individual replicated plots of experimental treatment and were pooled from all the harvests of each plot and average yield was recorded and expressed into hectare basis (tonnes/ha). The treatments were subjected to statistical analysis by single factor ANOVA.
EXPERIMENTAL RESULTS AND DISCUSSION
                                                                    
The results of Kharif 2023 clearly showed that all the treatments with chemical fungicides significantly reduced the incidence of downy mildew disease when compared to control. The downy mildew severity in the beginning ranged from 4.25 to 4.71 PDI (before spray) and it was found non-significant. Soon after the disease appearance the treatments were initiated as foliar spray. However, among all the treatments, Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha, reduced the downy mildew disease to the minimum with a PDI of 7.69 per cent which was on par with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L @ 500ml/ha (8.54% PDI) at 7th day observation after 3rd spray. The treatment Cymoxanil 8% + Mancozeb 64% WP @ 1500g/ha was recorded PDI of 16.27 at 7h days after 3rd spray. Control plot was recorded with highest PDI (46.67% PDI) at 7h days after 3rd spray (Table 1). The lowest mean PDI (6.28%) was recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (7.20%) and highest was recorded with untreated control (36.13%). At 7h days after 3rd spray the highest per cent disease reduction over control of 82.62 and 80.07 per cent was recorded in Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  625ml/ha and 500ml/ha, respectively (Table1).
Similarly, during Rabi 2023, all the treatments with chemical fungicides significantly reduced the incidence of downy mildew disease when compared to control. The downy mildew severity in the beginning ranged from 3.33 to 3.79 PDI (before spray) and it was found non-significant. Soon after the disease appearance the treatments were initiated as foliar spray. However, among all the treatments, Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha, reduced the downy mildew disease to the minimum with a PDI of 6.67 per cent which was on par with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (8.30% PDI) at 7th observation after 3rd spray. Among the other treatments Cymoxanil 8% + Mancozeb 64% WP @ 1500g/ha was recorded PDI of 12.09 per cent at 7h days after 3rd spray. Control plot was recorded with highest PDI (40.30%) at 7th observation after 3rd spray (Table 2). The lowest mean PDI (5.69%) was recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (6.63%) and highest was recorded with untreated control (29.76%). At 7h days after 3rd spray the highest per cent disease reduction over control of 80.88 and 77.72 per cent was recorded in Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  625ml/ha and 500ml/ha, respectively (Table 2). These findings were in agreement with results of previous experiments wherein fungicides used to control DMD (Thind et al., 2009, Gupta and Jarial, 2014). The results of the Ekabote et al. (2019) showed that all fungicide treatments significantly controlled downy mildew infection on cucmber as compared to untreated control. The results obtained concur with the results obtained by Bhat et al. (2018) who found that Mandipropamid was found effective in managing downy mildew of cucumber. The present findings are in conformity to the findings of Samoucha and Cohen (1998), Robak (1995) and Sharma et al. (2003), Han-cheng et al. (2009) and Anthony and Virginia (2012) who also reported that Ridomil MZ is highly effective against cucumber downy mildew. Apaydin (1994) reported that Indofil M-45 @ 0.3 % and Ridomil MZ @ 0.25 % gave effective control of the disease. Chaudhary et al. (2009) also reported that Ridomil MZ @ 0.2 % and Dithane M-45 @ 0.4 % were effective against cucumber downy mildew. Threerthragiri et al. (2008) reported that azoxystrobin provides effective control of downy mildew diseases. Mondal et al. (2014) also reported that Ridomil MZ. Copper oxychloride and indofil M-45 recorded better and gave good protection against downy mildew in pointed gourd. Ravikumar and Vithal Navi (2017) reported Ametoctradin 300g/l +dimethomorph 225 g/l SC with g.a.i of 525 and dosage of 1000g or ml/ ha and zampro 525SC @1000 ml per ha against downy mildew disease was found effective and superior comparable to dimethomorph 50% WP and cymoxanil 8% + mancozeb 64 % WP.

Fruit yield:

The results of Kharif 2023 showed that all the treatments with chemical fungicides recorded higher fruit yields when compared to control. The dosage of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha recorded maximum fruit yield of 16.10 t/ha which was on par with the treatment Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  500ml/ha (16.00 t/ha), Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  375ml/ha (15.40 t/ha) and Cymoxanil 8% + Mancozeb 64% WP @ 1500g/ha (14.80 t/ha) (Table 4). Lowest yield of 10.10 t/ha was recorded in untreated control. The highest per cent increase in yield over control recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha (59.41%) followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (58.42%) (Table 3). The results of Rabi 2023 showed similar trends with all the treatments with chemical fungicides recorded higher fruit yields when compared to control. The dosage of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha recorded maximum fruit yield of 16.75 t/ha which was on par with the treatment Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  500ml/ha (16.50 t/ha), Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @  375ml/ha (16.05 t/ha) and Cymoxanil 8% + Mancozeb 64% WP @ 1500g/ha (15.70 t/ha) (Table 4). Lowest yield of 11.20 t/ha was recorded in untreated control. The highest per cent increase in yield over control recorded with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 625ml/ha (49.55%) followed by Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500ml/ha (47.32%) (Table 3). These results were in agreement with previous experiments wherein the increased fruit yield of cucumber in plants treated with fungicides was reported (Khetmalas and Memane, 2003 and Gupta and Jarial, 2014). Among seven fungicides [Amistar (azoxystrobin), Curzate mancozeb), Ridomil (cymoxanil + MZ (metalaxyl +mancozeb), Blitox-50 (copper oxychloride), Indofil M-45 (mancozeb), Companion (mancozeb +carbendazim) and Shield] tested on cucumber against downy mildew, Ridomil MZ resulted in maximum fruit yield during both the years (Gupta and Jarial, 2014). Ravikumar and Vithal Navi (2017) reported fungicide ametoctradin 300g/l + dimethomorph 225 g/l SC @ 1000 ml per ha reduced the disease severity and improved the yield.
The results of two seasons indicated that foliar spray with Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500 ml/ha to 625ml/ha once at disease initiation stage and repeated twice at 7 days interval effectively controlled the incidence of downy mildew disease of cucumber and found highly effective which helps in good crop growth, resulted in higher yield. Hence, Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC @ 500 ml/ha to 625ml/ha optimum dose for effective control of downy mildew disease in cucumber crop.
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Table 1. Bio-efficacy of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC against downy mildew of cucumber during Kharif 2023 

	Tr. No.
	Product
	Dose / ha
	Pre treatment
	Percent disease index (7 days after spraying)
	 Mean  PDI
	Reduction in disease over control (%)

	
	
	a.i. (g)
	Formulation (g or ml)
	
	1st spray
	2nd spray
	3rd spray
	
	

	T1
	Untreated Control 
	-
	-
	4.56   (12.33)
	23.96 (29.32)
	37.77 (37.92)
	46.67 (43.11)
	36.13
	-

	T2
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	11.25 + 75
	375ml
	4.29   (11.96)
	7.54 (15.94)
	9.12 (17.60)
	12.29 (20.52)
	9.65
	73.29

	T3
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	15 + 100
	500ml
	4.33 (12.01)
	5.88 (14.05)
	7.17 (15.55)
	8.54 (17.01)
	7.20
	80.07

	T4
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	18.75 + 125
	625ml
	4.54 (12.32)
	5.25 (13.26)
	5.91 (14.08)
	7.69 (16.12)
	6.28
	82.62

	T5
	Fluoxapiprolin 20 g/L
	18.76
	938ml
	4.71   (12.53)
	13.40 (21.49)
	16.27 (23.79)
	19.54 (26.25)
	16.40
	54.61

	T6
	Fluopicolide 480 SC
	125.28
	261ml
	4.25   (11.90)
	14.12 (22.09)
	16.75 (24.16)
	23.26 (28.85)
	18.04
	50.07

	T7
	Cymoxanil 8% + Mancozeb 64% WP
	120 + 960
	1500g
	4.67   (12.49)
	10.50 (18.93)
	12.46 (20.69)
	16.27 (23.79)
	13.08
	63.80

	
	SEm ±
	-
	0.40
	0.58
	0.38
	-
	-

	
	CD at 5%
	NS
	1.19
	1.73
	1.14
	-
	-


* Data in the parenthesis are angular transformed values

Table 2. Bio-efficacy of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC against downy mildew of cucumber during Rabi 2023 

	Tr. No.
	Product
	Dose / ha
	Pre treatment
	Percent disease index (7 days after spraying)
	Mean  PDI
	Reduction in disease over control (%)

	
	
	a.i. (g)
	Formulation (g or ml)
	
	1st spray
	2nd spray
	3rd spray
	
	

	T1
	Untreated Control 
	-
	-
	3.69  (11.08)
	19.54 (26.25)
	29.45 (32.87)
	40.30 (39.41)
	29.76
	-

	T2
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	11.25 + 75
	375ml
	3.79  (11.23)
	7.04 (15.40)
	8.54 (16.99)
	11.10 (19.46)
	8.89
	70.13

	T3
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	15 + 100
	500ml
	3.67 (11.04)
	5.13 (13.09)
	6.46 (14.74)
	8.30 (16.74)
	6.63
	77.72

	T4
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	18.75 + 125
	625ml
	3.87 (11.36)
	4.54 (12.32)
	5.86 (14.03)
	6.67 (14.97)
	5.69
	80.88

	T5
	Fluoxapiprolin 20 g/L
	18.76
	938ml
	3.33  (10.52)
	12.46 (20.67)
	15.27 (23.01)
	17.63 (24.85)
	15.12
	49.19

	T6
	Fluopicolide 480 SC
	125.28
	261ml
	3.79  (11.24)
	13.21 (21.30)
	16.53 (24.01)
	21.00 (27.29)
	16.91
	43.18

	T7
	Cymoxanil 8% + Mancozeb 64% WP
	120 + 960
	1500g
	3.47  (10.73)
	9.43 (17.90)
	11.70 (20.00)
	15.14 (22.90)
	12.09
	59.38

	
	SEm ±
	-
	0.49
	0.54
	0.59
	-
	-

	
	CD at 5%
	NS
	1.49
	1.63
	1.71
	-
	-


* Data in the parenthesis are angular transformed values

Table 3. Bio-efficacy of Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC yield of cucumber during Kharif and Rabi 2023

	Tr. No.
	Product
	Dose / ha
	Yield (t/ha)
	Per cent increase in yield over control

	
	
	a.i. (g)
	Formulation (g or ml)
	Kharif 2023
	Rabi  2023
	Kharif 2023
	Rabi  2023

	T1
	Untreated Control 
	-
	-
	10.10
	11.20
	-
	-

	T2
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	11.25 + 75
	375ml
	15.40
	16.05
	52.48
	43.30

	T3
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	15 + 100
	500ml
	16.00
	16.50
	58.42
	47.32

	T4
	Fluoxapiprolin 30 g/L + Fluopicolide 200 g/L SC
	18.75 + 125
	625ml
	16.10
	16.75
	59.41
	49.55

	T5
	Fluoxapiprolin 20 g/L
	18.76
	938ml
	13.90
	14.95
	37.62
	33.48

	T6
	Fluopicolide 480 SC
	125.28
	261ml
	13.10
	13.85
	29.70
	23.66

	T7
	Cymoxanil 8% + Mancozeb 64% WP
	120 + 960
	1500g
	14.80
	15.70
	46.54
	40.18

	
	SEm ±
	0.70
	0.55
	-
	-

	
	CD at 5%
	2.15
	1.69
	-
	-


�1- The abstract is overloaded with numerical results, reducing clarity and scientific focus.





2 - Statistical methods and significance levels are not mentioned.





3 - Conclusions are descriptive rather than interpretative.


�1 - The introduction is largely descriptive and repetitive, relying heavily on outdated literature.





2 - No clear research gap is identified.





3 - The mode of action of the tested fungicides and resistance issues are not discussed.


�1 - Key experimental details (plot size, environmental conditions) are missing.





2 - A single-factor ANOVA was used despite multi-season data and repeated sprays.





3 - Spray frequency and intervals lack scientific justification.





4 - No mention of experimental error control across seasons.





5 - The disease rating scale was not crop-specific.





6 - No clarification on observer consistency or bias control.





7 - Disease progression parameters (AUDPC) were not considered


�1 - Results are mostly numerical, lacking biological interpretation.





2 - Discussion is confirmatory, not analytical.





3 - No explanation for dose-response trends.





4 - Potential phytotoxicity and residue issues were ignored.





5 - Excessive citation without critical synthesis.


.


�1 - Yield improvement was attributed solely to fungicide efficacy.





2 - No correlation analysis between disease reduction and yield.





3 - Economic feasibility was not evaluated.






