Efficacy of Eco-friendly Products in Managing Cucumber Downy Mildew and Inducing Biochemical Defence Responses

ABSTRACT
Downy mildew of cucumber (Cucumis sativus L.), caused by Pseudoperonospora cubensis, is a destructive disease responsible for severe yield losses under humid agro-climatic conditions. Continuous use of chemical fungicides has resulted in resistance development, phytotoxicity, and environmental concerns, necessitating the evaluation of eco-friendly disease management approaches. A field experiment was conducted during summer 2023 at the Vegetable Research Station, C. P. College of Agriculture, SDAU, Sardar krushinagar, to assess the efficacy of organic products, milk-based formulations, and systemic acquired resistance (SAR) inducers against cucumber downy mildew. The experiment was laid out in a Randomized Block Design with eight treatments, comprising salicylic acid (1%), isonicotinic acid (1%), sodium bicarbonate (1%), Panchgavya (10%), Jivamrut (10%), full cream milk (10%), buttermilk (10%), and an untreated control. Disease intensity, area under disease progress curve (AUDPC), fruit yield, and biochemical parameters were recorded. Among the treatments, salicylic acid (1%) recorded the minimum disease intensity (26.74%), lowest AUDPC (569.39), and maximum fruit yield (126.89 q ha⁻¹), followed by isonicotinic acid and sodium bicarbonate. All treatments significantly reduced disease severity and improved yield over the control. Increased peroxidase, polyphenol oxidase activities, and chlorophyll content in treated plants indicated activation of host defense responses. The study demonstrates that SAR inducers, particularly salicylic acid, offer an effective and environmentally sustainable alternative for managing cucumber downy mildew.
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INTRODUCTION
Cucumber (Cucumis sativus L.) is important vegetable crop which belongs to gourd family Cucurbitaceae and consisting of 118 genera and 825 species (Sebastian et al., 2010). It is the second most popular cucurbit after watermelon and the most extensively planted crop after tomatoes, cabbage, and onions (Jing et al., 2012). It grows well in the world's tropical and 
subtropical regions as well as plains and hills (Bains and Jhooty 1976 ). India is the primary origin of cucumbers. Cucumber farming dates back 2000 years in China and 3000 years in India, according to archaeological data. China is regarded as a secondary centre of cucumber genetic diversification.
Cucumber is rich in minerals like calcium, phosphorus, iron, and potassium as well as vitamins "B" and "C". It contains a lot of silica, a trace mineral that strengthens connective tissues. It satisfies daily vitamin requirements and aids in rehydrating the entire body because it contains 95% water. 96.3 g of fluids, 0.4 g of proteins, 0.1 g of fat, 0.3 g of minerals, 0.4 g of dietary fiber, 2.4 g of carbohydrates, 10 mg of calcium, 25 mg of phosphorus, 1.5 mg of iron, 0.03 mg of thiamine, 0.2 mg of niacin, 7 mg of vitamin "C," and 13 K cal.
Cucumbers are now grown in greenhouses, small gardens, and commercial farms of all sizes all over the world (Hossain et al., 2010). Over 75% of the world's cucumber production comes from China. India produces 1651.92 thousand Mt of cucumbers on 116.62 thousand hectares of land (Anon., 2020-21). West Bengal (322.29 Mt), Madhya Pradesh (252.26 Mt), and Karnataka (122.98 Mt) are the three states that produce the most cucumbers. These three states account for approximately 41.21 percent of the nation's land area and 42.22 percent of its production (Anon., 2020-21).
A number of diseases brought on by bacteria, viruses, and fungi afflict cucumbers. One of the most economically significant and pervasive plant infections in many parts of the world is Pseudoperonospora cubensis (Berkeley and Curtis), which causes downy mildew of cucumbers (Palti and Cohen, 1980). The disease is found everywhere cucurbits are grown, including in semi-arid regions of the Middle East as well as temperate and tropical regions. The infection has a significant impact on both quality and yield in these producing zones, and it is particularly harmful in places with warm, humid weather that is conducive to disease growth (Ortega et al., 2020).
The disease often affects foliage, resulting in a decrease in early photosynthetic activity. This impacts plant development, postponing growth and lowering production. The entire leaf may perish a few days after the infection if the chlorotic lesions on the leaf surface worsen and turn necrotic (Savory et al., 2011). It is estimated that downy and powdery mildew infections cause a 50–70% yield loss (Sitterly, 1972). Crop loss was reported to be between 50 and 70 percent despite the application of fungicides, crop rotation, and fall ploughing, among other cultural measures (Awad, 2000). 
Downy mildew is most problematic in moist and humid climate of North Gujarat; generally, cucurbits are grown in large scale throughout the year. Therefore, due to intensified cropping of cucurbits, downy mildew causes havoc losses. Farmers of North Gujarat prefer either age old

metalaxyl and copper-based fungicides or some systemic fungicides. The most popular technique of oversight is the use of chemical pesticides, either in association with systemic fungicides or contact fungicides (Khare et al., 2025) These fungicides have phytotoxic effect at high temperature; moreover, chance of resistance development against these fungicides is much more in Pseudoperenospora cubensis population. Hence, to minimize such problems the alternative options of disease management have to be find out, like use of natural products.
This experiment of the disease is of practical significance, since the pathogen disseminates through air, disease spreads very fast. Hence, identification of the natural factors to assess the infection to the crop plant and its management through the environmentally friendly components.
Material and methods
In order to manage cucumber downy mildew in the field, the current study was conducted in the summer of 2023 at the Vegetable Research Station, C. P. College of Agriculture, SDAU Sardarkrushinagar. Eight treatments, including the control, had been incorporated in the Randomised Block Design experimental design employed for the study. For every experiment treatment, a 5 x 6 m2 plot was maintained. There was total three sprays of each treatment applied in which first spraying was at the initiation of disease and other spray were after 10-days intervalof the first spray.  Two organic products (Panchgavya @ 10%, Jivamrut @ 10%), Three SAR inducers (Isonicotinic acid @ 1%, Sodium bicarbonate @ 1%, and Salicylic acid @ 1%) and two milk products (Butter Milk @ 10%) comprises the treatment being used. Water was the only substance utilised in the control plot. The regular technique was followed at the farm to prepare the Pachngavya and Jivarmrut. Details of the treatment are provided in Table 1. Fruits were picked and block-by-block observations were made to assess each treatment's yield and B:C ratio independently. Both treated and untreated plots' yields were noted and calculated in tonnes/ha.
Table-1. List of Eco-friendly products used for management of cucumber downy mildew
	Treatment details
	Eco-friendly products:

	
	T1
	Sodium bicarbonate @ 1%

	
	T2
	Full creamed milk @ 10%

	
	T3
	Jivamrut @ 10%

	
	T4
	Panchgavya @ 10%

	
	T5
	Salicylic acid @ 1%

	
	T6
	Isonicotinic acid @ 1%

	
	T7
	Buttermilk

	
	T8
	Control (No spray)



Five randomly chosen plants per plot were used to measure the prevalence of downy mildew in order to assess the effectiveness of treatments. The observations were obtained on the 7th, 14th, 21st, 28th and 35th days following the initial spray, as well as before the 24-hour mark. 
Percent disease intensity
The following formula provided by Wheeler (1969) was used to calculate the % disease intensity of downy mildew.

      PDI =	Sum of numerial rating
Total no. of samples observed x Maximum of rating scale

x 100


Percent disease control
The percentage disease control (PDC) was calculated according to formula given by (Mathur et al., 1971).


PDC =

PDI in Control − PDI in treatment PDI In control

Area Under Disease Progress Curve (AUDPC)
Using the method provided by Shaner and Finnay (1977), the plant disease per cent disease index was determined at seven-day intervals to determine AUDPC.
AUDPC  =	[image: ]

Where, Xi and Xi+1 are severities on date i and date i+1, respectively 
ti is the number of days in between date i and date
i+1n is the number of observations recorded.

Biochemical analysis
To determine how the environmentally friendly treatment affected the activity of these biochemicals, biochemical analyses of peroxidase, polyphenol oxidase and chlorophyll content Yadav et al. (2018), Taneja and Sachar (1974) and Arnon (1949) before and after spraying at intervals of one, five and ten days. The relevance of the final evaluations was then determined using statistical analysis. The computer program "OPSTAT," created by O.P. Sheoran, CCS HAU, Hisar, was also used to investigate the data collected throughout the research.

Result and discussion

Per cent disease intensity (PDI)
Analysis of disease severity at 35 days after first spray showed that all eco‑friendly treatments significantly suppressed downy mildew compared with the untreated control, confirming their suitability under field conditions of North Gujarat. The control recorded a final PDI of 65.84%, whereas plots treated with salicylic acid and isonicotinic acid had much lower severities of 26.74% and 27.67%, corresponding to 59.39% and 57.97% reduction over control, respectively. Sodium bicarbonate also performed well, limiting disease to 29.12% PDI (55.77% reduction), indicating that these three SAR‑linked treatments formed the most effective group in this experiment. (Table 2 and fig. 1 (a). Among the organic and milk‑based products, Jivamrut (33.42% PDI), Panchgavya (35.64%), full cream milk (36.28%) and buttermilk (38.98%) also reduced disease significantly relative to the control, with disease reduction ranging from 40.80% to 49.24%. Although slightly less effective than the synthetic SAR inducers, these treatments still provided meaningful suppression of downy mildew and can be considered promising options where low‑residue or farm‑made inputs are preferred. The clear ranking of treatments suggests that stronger induction of host resistance by salicylic acid, isonicotinic acid and sodium bicarbonate translates directly into lower visible infection, while organic formulations contribute a moderate but consistent reduction, probably through a combination of induced resistance and improved plant vigour. Similar results were shown in the study conducted by Kim et al 2023, where the level of Salicylic acid were seen increasing in the plants with lower PDI infected cucumber plants with downy mildew.

Area under disease progress curve (AUDPC)
The AUDPC values followed the same pattern as terminal PDI and provided an integrated measure of disease development over time. The untreated control had the highest AUDPC (1630.6 units), reflecting rapid onset and continuous progress of downy mildew throughout the crop growth period. In contrast, salicylic acid resulted in the lowest AUDPC (569.39 units), closely followed by isonicotinic acid (613.55 units), indicating that these treatments not only delayed initial infection but also slowed subsequent epidemic development.
Sodium bicarbonate (651.32 units) and Jivamrut (676.18 units) formed the next tier of efficacy, while Panchgavya (721.26 units), full cream milk (762.12 units) and buttermilk (942.06 units) showed progressively higher disease progress, yet all remained far below the control. The parallel decline in PDI and AUDPC across treatments suggests that early and sustained reduction in pathogen activity is a key driver of final disease status and supports the view that SAR inducers can provide season‑long suppression when applied preventively at appropriate intervals. 



These findings are in agreement with earlier reports by Farouk et al., 2008, where salicylic acid and related elicitors significantly reduced AUDPC of cucumber downy mildew by strengthening host defence responses.

Fruit yield (q ha⁻¹)
Yield responses closely mirrored disease control, highlighting the agronomic relevance of the treatments. The lowest yield was obtained in the control (82.45 q ha⁻¹), where severe downy mildew caused premature leaf senescence and reduced photosynthetic area. In contrast, salicylic‑acid‑treated plots produced the highest yield (126.89 q ha⁻¹), representing a 153.89% increase over the control, followed by isonicotinic acid (120.28 q ha⁻¹; 145.88% increase) and sodium bicarbonate (116.67 q ha⁻¹; 141.50% increase). These large yield gains indicate that effective disease suppression through SAR induction or fungistatic effects can recover a substantial proportion of the yield losses typically associated with downy mildew epidemics.
Among the other eco‑friendly products, Jivamrut (109.87 q ha⁻¹), Panchgavya (106.81 q ha⁻¹), full cream milk (102.15 q ha⁻¹) and buttermilk (100.28 q ha⁻¹) also produced significantly higher yields compared to the control, with yield increases ranging from 121.62% to 133.25%. The strong correspondence between lower PDI/AUDPC and higher yield across treatments suggests a negative relationship between disease pressure and productivity, i.e. treatments that effectively restricted disease development were also those that maximized marketable yield. This pattern corroborates earlier findings where induced resistance treatments in cucumber improved both disease control and yield, indicating that eco‑friendly elicitors can be integrated into commercial production without compromising productivity.

Biochemical parameters and defense activation
The biochemical analyses provided additional insight into how eco‑friendly treatments enhanced host resistance against P. cubensis. Peroxidase activity increased markedly from 1 day to 5 days after spraying in all treatments, with a slight decline by 10 days after spray, indicating a transient but strong activation of oxidative defence pathways following elicitor application. Salicylic acid and isonicotinic acid recorded the highest peroxidase activities at 5 days after spray (0.21 U g⁻¹ FW), while buttermilk showed the lowest value (0.16 U g⁻¹ FW) among the treatments, and the control remained almost unchanged (around 0.07–0.08 U g⁻¹ FW). Elevated peroxidase activity is known to be associated with lignification and reinforcement of cell walls, which can restrict pathogen penetration and colonisation, explaining the lower disease levels observed in the most responsive treatments. (Table 4 Fig 2).



A similar trend was observed for polyphenol oxidase (PPO) activity, which also increased up to 5 days after spraying and then declined slightly by 10 days. Salicylic acid again recorded the maximum PPO activity (0.15 U g⁻¹ FW), whereas buttermilk and the control had the lowest values (around 0.07 U g⁻¹ FW). Higher PPO levels favour the oxidation of phenolic compounds to quinones, which can be toxic to pathogens or contribute to physical barriers in infected tissues, thereby contributing to enhanced resistance. The close agreement between high POD/PPO activities and lower PDI/AUDPC in salicylic acid, isonicotinic acid and sodium bicarbonate treatments indicates that induced defence‑related enzymes were an important component of the observed protection. (Table 5 Fig 3).
Chlorophyll content in the leaves also increased slightly after treatment, with salicylic acid‑treated plants showing the highest value (1.79 mg g⁻¹ fresh leaf) and buttermilk‑treated plants the lowest (1.66 mg g⁻¹ fresh leaf), while the control remained consistently lower than most treatments. Maintenance of higher chlorophyll levels suggests that these treatments delayed disease‑induced chlorosis and senescence, thereby sustaining photosynthetic capacity and supporting higher yields. Taken together, the enzyme and chlorophyll data strongly support the conclusion that the most effective eco‑friendly treatments operated primarily by inducing systemic defence responses and preserving leaf function, rather than solely by direct toxicity to the pathogen. (Table 6 Fig 3).

Overall interpretation
Overall, the integration of epidemiological (PDI, AUDPC), yield and biochemical data indicates that salicylic acid at 1% was the most efficient eco‑friendly option for managing cucumber downy mildew under the present conditions, closely followed by isonicotinic acid and sodium bicarbonate. Jivamrut, Panchgavya and milk‑based treatments, though somewhat less potent, still provided significant disease suppression and yield enhancement and may be particularly attractive for low‑input or organic systems. The consistent association between reduced disease progress, higher POD and PPO activity and improved yield suggests that activation of host defense pathways is central to the performance of these treatments, in line with earlier reports on induced resistance against downy mildew in cucumber Farouk et al., 2008. These findings support the potential of SAR inducers and selected organic inputs as environmentally benign components of integrated disease management strategies for cucumber downy mildew

         Table 2. Per cent disease intensity at different interval after spray of ecofriendly treatments
	Tr. no.
	Treatments
	PER CENT DISEASE INTENSITY

	
	
	7DAS
	14 DAS
	21 DAS
	28 DAS
	35 DAS

	1
	Sodium bicarbonate
	12.48b (4.67)
	17.58 de
(9.12)
	23.00de (15.26)
	28.2cd (22.34)
	32.66de (29.12)

	2
	Full creamed milk
	13.79a (5.68)
	18.70cd (10.28)
	24.55cd (17.26)
	29.78c (24.66)
	37.04bc (36.28)

	3
	Jivamrut
	12.33b (4.56)
	19.58c (11.23)
	25.45bc (18.46)
	30.36c (25.54)
	35.32cd (33.42)

	4
	Panchgavya
	13.89 a
(5.76)
	21.02b (12.86)
	25.27bc (18.22)
	29.99c (24.98)
	36.66bc (35.64)

	5
	Salicylic acid
	11.51b (3.98)
	15.48 f
(7.12)
	20.76f (12.56)
	24.54e (17.25)
	31.14e (26.74)

	6
	Isonicotinic acid
	12.36b (4.58)
	16.68ef (8.24)
	21.27ef (13.16)
	26.39de (19.76)
	31.74e (27.67)

	7
	Buttermilk
	14.50a (6.27)
	21.49b (13.42)
	26.89b (20.46)
	32.87b (29.45)
	38.63b (38.98)

	8
	Control (No spray)
	14.44 a
(6.22)
	24.14a (16.72)
	30.23a (25.34)
	35.34a (33.45)
	54.24a (65.84)

	S.Em. (±)
	0.23
	0.5
	0.79
	1.11
	1.68

	C. D. at 5%
	0.7
	1.51
	2.39
	2.28
	5.9

	C. V. %
	7.1
	7.7
	7.9
	7.8
	7.9



























Figures in parenthesis are original values and outside are transformed values
DAS-Days after spray
Treatment mean with the commom letter/letters are non-significant by DNMRT at 5% level of significance

 Figure 1 (a): Effect of eco-friendly treatments on PDI of downy mildewDisease intensity (%)
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Table 3. Evaluation of eco-friendly treatments against downy mildew of cucumber.

	Sr.
No.
	Treatments
	Conc. (%)
	Percent Disease Intensity
	Percent Disease Reduction Over Control
	AUDPC
(Units)
	Yield (q/ha)
	Increase yield over control (%)

	1
	Sodium bicarbonate
	1%
	32.66de (29.12)
	55.77
	651.32cde
	116.67abc
	141.50

	2
	Full creamed milk
	10%
	37.04bc (36.28)
	44.90
	762.12c
	102.15c
	123.89

	3
	Jivamrut
	10%
	35.32cd (33.42)
	49.24
	676.18cde
	109.87bc
	133.25

	4
	Panchgavya
	10%
	36.66bc (35.64)
	45.87
	721.26cd
	106.81bc
	129.54

	5
	Salicylic acid
	1%
	31.14e (26.74)
	59.39
	569.99e
	126.89a
	153.89

	6
	Isonicotinic acid
	1%
	31.74e (27.67)
	57.97
	613.55de
	120.28ab
	145.88

	7
	Buttermilk
	10%
	38.63b (38.98)
	40.80
	942.06b
	100.28c
	121.62

	8
	Control (No spray)
	-
	54.24a (65.84)
	-
	1630.6a
	82.45d
	-

	S. Em. (±)
	1.57
	-
	38.89
	5.00
	-

	C. D. at 5%
	4.76
	-
	117.65
	15.17
	-

	C. V. %
	7.9
	-
	8.2
	8.0
	-



Figures in parenthesis are original values and outside are transformed values
DAS-Days after spray
Treatment mean with the commom letter/letters are non-significant by DNMRT at 5% level of significance
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Figure 1 (b): Effect of eco-friendly treatments on yield of cucumber


Table 4. Effects of eco-friendly treatments on the peroxidase activity

	Sr. No.
	Treatments
	1DBS
	1DAS
	5DAS
	10DAS

	1
	Sodium bicarbonate
	0.08
	0.16
	0.20
	0.12

	2
	Full creamed milk
	0.06
	0.12
	0.17
	0.09

	3
	Jivamrut
	0.07
	0.15
	0.19
	0.11

	4
	Panchgavya
	0.07
	0.14
	0.19
	0.09

	5
	Salicylic acid
	0.08
	0.18
	0.21
	0.12

	6
	Isonicotinic acid
	0.08
	0.17
	0.21
	0.12

	7
	Buttermilk
	0.08
	0.11
	0.16
	0.10

	8
	Control
	0.07
	0.08
	0.07
	0.08

	S. Em. (±)
	0.002
	0.004
	0.005
	0.003

	C. D. at 5%
	0.01
	0.01
	0.01
	0.01

	C. V. %
	4.56
	4.65
	4.67
	4.61


Figures in parenthesis are original values and outside are transformed values
DAS-Days after spray
Treatment mean with the commom letter/letters are non-significant by DNMRT at 5% level of significance

Table 5. Effects of eco-friendly treatments on the polyphenol oxidase activity

	Sr. No.
	Treatments
	1DBS
	1DAS
	5DAS
	10DAS

	1
	Sodium bicarbonate
	0.06
	0.09
	0.14
	0.10

	2
	Full creamed milk
	0.07
	0.0
	0.09
	0.07

	3
	Jivamrut
	0.06
	0.08
	0.10
	0.08

	4
	Panchgavya
	0.06
	0.08
	0.12
	0.09

	5
	Salicylic acid
	0.07
	0.09
	0.15
	0.11

	6
	Isonicotinic acid
	0.07
	0.09
	0.14
	0.11

	7
	Buttermilk
	0.06
	0.08
	0.10
	0.07

	8
	Control
	0.06
	0.07
	0.06
	0.07

	S. Em. (±)
	0.002
	0.002
	0.003
	0.002

	C. D. (P=0.05)
	0.01
	0.01
	0.01
	0.01

	C. V. %
	4.56
	4.43
	4.67
	4.62



Table 6. Effects of eco-friendly treatments on chlorophyll content

	Sr. No.
	Treatments
	1DBS
	1DAS
	5DAS
	10DAS

	1
	Sodium bicarbonate
	0.06
	0.09
	0.14
	0.10

	2
	Full creamed milk
	0.07
	0.0
	0.09
	0.07

	3
	Jivamrut
	0.06
	0.08
	0.10
	0.08

	4
	Panchgavya
	0.06
	0.08
	0.12
	0.09

	5
	Salicylic acid
	0.07
	0.09
	0.15
	0.11

	6
	Isonicotinic acid
	0.07
	0.09
	0.14
	0.11

	7
	Buttermilk
	0.06
	0.08
	0.10
	0.07

	8
	Control
	0.06
	0.07
	0.06
	0.07

	S. Em. (±)
	0.002
	0.002
	0.003
	0.002

	C. D. (P=0.05)
	0.01
	0.01
	0.01
	0.01

	C. V. %
	4.56
	4.43
	4.67
	4.62



Figures in parenthesis are original values and outside are transformed values
DAS-Days after spray
Treatment mean with the commom letter/letters are non-significant by DNMRT at 5% level of significance
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        Fig 2. Effect of eco-friendly treatments on Peroxidase activity
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     Fig 3. Effect of eco-friendly treatments on Polyphenol oxidase activity
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Fig 4. Effect of eco-friendly treatments on Total Chlorophyll

Conclusion

This research paper evaluates eco-friendly products for managing cucumber downy mildew, with salicylic acid (1%) proving most effective, reducing disease intensity to 26.74%, AUDPC to 569.39 and boosting yield by 153.89% over control. These treatments also enhanced peroxidase, polyphenol oxidase and chlorophyll levels, activating plant defenses. SAR inducers like salicylic acid offer sustainable alternatives to chemical fungicides for eco-friendly cucumber protection.
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