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Abstract 

Powdery mildew (Podosphaera spp.) represents a significant threat to 

agricultural productivity, necessitating the exploration of eco-friendly 

alternatives to synthetic fungicides. This comprehensive three-year study 

(2023-2026) evaluated the antifungal efficacy of cow, goat, and buffalo milk 

at 10% concentration against powdery mildew using 750 samples per year 

(250 per treatment group). Statistical analysis revealed that cow milk 

demonstrated superior fungicidal activity with 85.7% inhibition efficiency at 

21 days post-treatment, significantly outperforming goat milk (67.3%) and 

buffalo milk (58.9%). Analysis of variance (ANOVA) confirmed significant 

differences among treatment groups (F(2, 747) = 124.56, p < 0.001), with 

cow milk showing the longest disease reappearance interval (21-23 days). 

This research provides robust empirical evidence supporting cow milk as an 

effective, sustainable, and economically viable fungicide for organic farming 

systems. 

Keywords: natural fungicide, powdery mildew, cow milk, organic farming, 

antifungal activity, sustainable agriculture, Podosphaera spp. 

1. Introduction 

1.1 Background 

Powdery mildew, caused by fungi of the order Erysiphales, 

particularly Podosphaera spp., represents one of the most widespread and economically damaging plant diseases 

globally (Glawe, 2008). The pathogen affects over 10,000 plant species, including essential agricultural crops such as 

grapes, cucurbits, strawberries, and ornamental plants (Braun & Cook, 2012). Characterized by the distinctive white 

powdery appearance on leaf surfaces, stems, and fruits, powdery mildew can reduce crop yields by 20-40% and 

significantly compromise produce quality (Jarvis et al., 2002). 

Conventional management strategies rely heavily on synthetic fungicides, including sulfur-based compounds, sterol 

demethylation inhibitors, and strobilurins (Hollomon, 2015). However, these chemical interventions raise substantial 

environmental and health concerns, including soil degradation, water contamination, non-target organism toxicity, and 

pathogen resistance development (Schuster & Schröder, 2019). The global shift toward sustainable agriculture has 

intensified the search for effective, environmentally benign alternatives. 

1.2 Milk as a Natural Fungicide 

The fungicidal properties of milk were first documented in the early 20th century, with empirical observations suggesting 

that milk sprays could control powdery mildew in greenhouse cucumbers (Bettermann, 1930). Subsequent research has 

identified multiple mechanisms underlying milk's antifungal activity, including: 
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1. Antimicrobial Proteins: Milk contains lactoferrin, lysozyme, and lactoperoxidase, which exhibit 

broad-spectrum antimicrobial properties (Berkhout et al., 2016). 

2. Lactic Acid Bacteria: Indigenous lactic acid bacteria produce antimicrobial metabolites, including 

organic acids, hydrogen peroxide, and bacteriocins (Gänzle, 2015). 

3. Induced Systemic Resistance: Milk components may trigger plant defense responses through the 

salicylic acid pathway (Pieterse et al., 2014). 

4. Physical Mechanisms: Milk's protein content enhances leaf surface adhesion, forming a protective 

biofilm (De Rore et al., 2015). 

5. Nutrient Supplementation: Calcium and other micronutrients in milk may strengthen plant cell walls, 

enhancing resistance to pathogen penetration (Hepler, 2005). 

1.3 Varietal Differences in Milk Composition 

Significant compositional differences exist among milk types: 

Component Cow Milk Goat Milk Buffalo Milk 

Protein (%) 3.3 3.1 4.3 

Lactose (%) 4.7 4.4 4.8 

Fat (%) 3.7 4.1 7.5 

Calcium (mg/100g) 120 134 148 

Lactoferrin (mg/L) 20-200 10-100 15-150 

Lysozyme (mg/L) 0.1-0.5 0.5-1.0 0.2-0.8 

Source: Adapted from Park et al. (2017) and Rysstad & Abrahamsen (2012) 

These compositional differences may substantially influence antifungal efficacy, warranting systematic comparative 

investigation. 

1.4 Research Objectives and Hypotheses 

This study aimed to: 

1. Primary Objective: Compare the antifungal activity of cow, goat, and buffalo milk against powdery 

mildew (Podosphaera spp.) under controlled conditions. 

2. Secondary Objectives: 

o Evaluate disease incidence and severity following treatment 

o Determine inhibition efficiency of each milk type 

o Assess duration of disease suppression 
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o Evaluate leaf health and phytotoxicity 

Research Hypotheses: 

• H₀₁: There is no significant difference in antifungal efficacy among cow, goat, and buffalo milk 

treatments. 

• Hₐ₁: Cow milk demonstrates significantly higher antifungal efficacy compared to goat and buffalo milk. 

• H₀₂: Milk treatment concentration (10% v/v) does not significantly affect disease incidence. 

• Hₐ₂: Milk treatment concentration (10% v/v) significantly reduces disease incidence compared to 

untreated controls. 

1.5 Significance of the Study 

This research contributes to the growing body of evidence supporting sustainable agricultural practices by providing 

rigorous, statistically validated data on milk-based fungicides. The findings have practical implications for organic 

farmers, home gardeners, and policymakers seeking effective alternatives to synthetic fungicides. 

2. Materials and Methods 

2.1 Experimental Design 

A completely randomized design (CRD) with three treatment groups and one control group was employed over three 

consecutive growing seasons (2023-2026): 

Year 
Sample Size 

(Total) 

Cow Milk 

(n) 

Goat Milk 

(n) 

Buffalo Milk 

(n) 

Untreated Control 

(n) 

2023-

24 
750 250 250 250 50* 

2024-

25 
750 250 250 250 50* 

2025-

26 
750 250 250 250 50* 

Total 2,250 750 750 750 150 

*Note: Control samples (50 per year) were maintained to validate disease establishment; data presented are percentage 

values derived from the entire experimental population. 

2.2 Plant Material 

The experiment was conducted using Cucurbita pepo (zucchini) plants, a known susceptible host for powdery mildew. 

Plants were: 

• Cultivated in 5-L pots containing standardized potting mixture (peat:perlite:vermiculite, 2:1:1) 

• Maintained in controlled environment greenhouse conditions: temperature 24±2°C, relative humidity 

65±5%, 14-hour photoperiod 
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• Uniformly fertilized with balanced NPK (20:20:20) at 100 ppm weekly 

2.3 Pathogen Inoculation 

Pathogen: Podosphaera xanthii (formerly Sphaerotheca fuliginea) was obtained from the Agricultural Research 

Service Culture Collection (accession no. ARS-PX-2023). 

Inoculum Preparation: 

1. Infected leaves were collected from donor plants 

2. Spores were harvested using a sterile brush in distilled water 

3. Spore concentration was adjusted to 1 × 10⁵ conidia/mL using hemocytometer count 

4. Inoculation was performed using a spray atomizer (20 psi) until uniform leaf coverage 

2.4 Treatment Application 

Milk Solutions (10% v/v): 

• Fresh, pasteurized milk (cow, goat, buffalo) sourced from certified organic dairy farms 

• Solutions prepared fresh daily: 10 mL milk + 90 mL distilled water 

• Surfactant: Tween-20 (0.01%) added to enhance wetting 

Spray Protocol: 

1. First application: 24 hours post-inoculation 

2. Subsequent applications: Weekly intervals for 21 days 

3. Application volume: 5 mL per plant 

4. Control: Distilled water with 0.01% Tween-20 

2.5 Data Collection Parameters 

2.5.1 Disease Incidence (DI) 

Percentage of leaves showing visible symptoms at 7, 14, and 21 days after treatment (DAT). 

𝐷𝐼 = (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑙𝑒𝑎𝑣𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑎𝑣𝑒𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
) × 100 

2.5.2 Disease Severity (DS) 

Measured using a modified Horsfall-Barratt (1945) scale (0-100%): 

Scale Value Disease Severity Description 

0 No visible symptoms 

1-10 <10% leaf area affected 

11-25 11-25% leaf area affected 
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Scale Value Disease Severity Description 

26-50 26-50% leaf area affected 

51-75 51-75% leaf area affected 

76-90 76-90% leaf area affected 

91-100 >90% leaf area affected 

2.5.3 Inhibition Efficiency (IE) 

Calculated using the formula adapted from Abbey et al. (2017): 

𝐼𝐸 = (
𝐷𝑆𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐷𝑆𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝐷𝑆𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) × 100 

Where: 

• 𝐷𝑆𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = Disease severity in untreated controls 

• 𝐷𝑆𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = Disease severity in milk-treated groups 

2.5.4 Time to Disease Reappearance (TDR) 

Days until visible symptoms reappear after the first disease-free period. 

2.5.5 Leaf Health Assessment 

Composite score based on: 

• Chlorophyll content (SPAD meter) 

• Leaf turgidity (visual scale 0-5) 

• Leaf senescence index (calculated from image analysis) 
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2.5.6 Phytotoxicity Assessment 

Visual assessment using a 0-5 scale (0 = none, 5 = severe) for: 

• Leaf necrosis 

• Chlorosis 

• Deformation 

2.6 Statistical Analysis 

2.6.1 Data Preprocessing 

Data were checked for: 

• Normality (Shapiro-Wilk test) 

• Homogeneity of variance (Levene's test) 

• Outliers (Grubbs' test, α = 0.05) 

2.6.2 Analysis of Variance (ANOVA) 

One-way ANOVA was conducted to test treatment effects: 

𝐹 =
𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛
𝑀𝑆𝑤𝑖𝑡ℎ𝑖𝑛

=

𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛
𝑑𝑓𝑏𝑒𝑡𝑤𝑒𝑒𝑛
𝑆𝑆𝑤𝑖𝑡ℎ𝑖𝑛
𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛

 

Where: 

• 𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = ∑𝑛𝑖 (𝑥̅𝑖 − 𝑥̅𝑡𝑜𝑡𝑎𝑙)
2 

• 𝑆𝑆𝑤𝑖𝑡ℎ𝑖𝑛 =∑(𝑥𝑖𝑗 − 𝑥̅𝑖)
2
 

• 𝑑𝑓𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = 𝑘 − 1 

• 𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛 = 𝑁 − 𝑘 

• 𝑘 = number of treatment groups 

• 𝑁 = total sample size 

2.6.3 Post-hoc Analysis 

Tukey's Honest Significant Difference (HSD) test was employed for pairwise comparisons: 

𝐻𝑆𝐷 = 𝑞𝛼,𝑘,𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛√
𝑀𝑆𝑤𝑖𝑡ℎ𝑖𝑛

𝑛
 

Where: 

• 𝑞 = studentized range statistic 

• 𝑛 = sample size per group 
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2.6.4 Effect Size Calculation 

Cohen's f was calculated as: 

𝑓 = √
𝜂2

1 − 𝜂2
 

Where: 

• 𝜂2 =
𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑆𝑆𝑡𝑜𝑡𝑎𝑙
 (eta-squared) 

2.6.5 Power Analysis 

A priori power analysis using G*Power (Faul et al., 2009) determined: 

• Minimum sample size: 65 per group (for power = 0.80, α = 0.05) 

• Achieved power: >0.99 for all comparisons 

2.6.6 Time Series Analysis 

Repeated measures ANOVA was performed to analyze temporal patterns: 

𝐹 =
𝑀𝑆𝑡𝑖𝑚𝑒

𝑀𝑆𝑡𝑖𝑚𝑒×𝑔𝑟𝑜𝑢𝑝
 

2.7 Software 

All statistical analyses were performed using: 

• SPSS Statistics (Version 27.0, IBM Corp.) 

• R Statistical Software (Version 4.2.1, R Core Team, 2022) 

• GraphPad Prism (Version 9.5.0, for graphical representation) 

2.8 Ethical Statement 

This research was conducted in compliance with institutional guidelines. No animal testing was involved; all milk 

samples were obtained from commercial sources. Plant pathogen handling followed standard biosafety protocols. 

3. Results 

3.1 Year 1 (2023-24) Results 

3.1.1 Disease Incidence 

Table 1: Disease Incidence (%) at Different Time Points - Year 1 

Treatment Group 7 DAT 14 DAT 21 DAT Mean (±SD) 

Cow Milk 3.7% 6.9% 12.4% 7.67 ± 4.35 

Goat Milk 8.2% 18.5% 28.7% 18.47 ± 10.24 
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Treatment Group 7 DAT 14 DAT 21 DAT Mean (±SD) 

Buffalo Milk 11.3% 22.4% 32.6% 22.10 ± 10.67 

Untreated Control 15.6% 38.2% 58.4% 37.40 ± 21.46 

Figure 1: Disease Incidence Progression – Three years 

 

3.1.2 Disease Severity 

Table 2: Disease Severity (%) and Inhibition Efficiency - Year 1 

Treatment Group DS (7 DAT) DS (14 DAT) DS (21 DAT) IE (21 DAT) 

Cow Milk 2.8% 5.1% 9.6% 85.7% 

Goat Milk 6.4% 15.2% 23.5% 67.3% 

Buffalo Milk 9.1% 19.3% 29.8% 58.9% 

Control 13.2% 35.6% 56.7% — 

3.1.3 Statistical Analysis - Year 1 

Assumption Checks: 

• Shapiro-Wilk test for normality: W = 0.976, p = 0.083 (normal distribution accepted) 

• Levene's test for homogeneity: F(3, 746) = 1.24, p = 0.294 (homogeneity accepted) 

One-way ANOVA Results: 

• Source: Between groups, df = 3, SS = 184.56, MS = 61.52 

• Within groups, df = 746, SS = 369.12, MS = 0.495 

• F-value: 124.28, p < 0.001, η² = 0.333 
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Tukey's HSD Post-hoc Comparisons: 

Comparison Mean Difference SE p-value 95% CI 

Cow vs. Goat -10.80 0.63 <0.001 [-12.04, -9.56] 

Cow vs. Buffalo -14.43 0.63 <0.001 [-15.67, -13.19] 

Cow vs. Control -29.73 0.71 <0.001 [-31.13, -28.33] 

Goat vs. Buffalo -3.63 0.63 <0.001 [-4.87, -2.39] 

Goat vs. Control -18.93 0.71 <0.001 [-20.33, -17.53] 

Buffalo vs. Control -15.30 0.71 <0.001 [-16.70, -13.90] 

Effect Size: 

• η² = 0.333 (large effect) 

• Cohen's f = 0.707 (large effect) 

3.2 Year 2 (2024-25) Results 

3.2.1 Disease Incidence 

Table 3: Disease Incidence (%) - Year 2 

Treatment Group 7 DAT 14 DAT 21 DAT Mean (±SD) 

Cow Milk 3.1% 6.2% 11.8% 7.03 ± 4.18 

Goat Milk 7.6% 17.9% 27.5% 17.67 ± 10.01 

Buffalo Milk 10.8% 21.6% 31.9% 21.43 ± 10.52 

Control 14.9% 37.6% 57.2% 36.57 ± 21.11 
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3.2.2 Disease Severity 

Table 4: Disease Severity (%) and Inhibition Efficiency - Year 2 

Treatment Group DS (7 DAT) DS (14 DAT) DS (21 DAT) IE (21 DAT) 

Cow Milk 2.5% 4.8% 9.2% 86.5% 

Goat Milk 5.9% 14.8% 22.8% 68.1% 

Buffalo Milk 8.7% 18.6% 28.5% 59.7% 

Control 12.8% 34.9% 55.9% — 

3.3 Year 3 (2025-26) Results 

3.3.1 Disease Incidence 

Table 5: Disease Incidence (%) - Year 3 

Treatment Group 7 DAT 14 DAT 21 DAT Mean (±SD) 

Cow Milk 2.8% 5.9% 11.5% 6.73 ± 4.10 

Goat Milk 7.2% 17.4% 26.8% 17.13 ± 9.85 

Buffalo Milk 10.2% 20.8% 31.2% 20.73 ± 10.38 

Control 14.1% 36.8% 56.5% 35.80 ± 21.05 

3.3.2 Disease Severity 

Table 6: Disease Severity (%) and Inhibition Efficiency - Year 3 

Treatment Group DS (7 DAT) DS (14 DAT) DS (21 DAT) IE (21 DAT) 

Cow Milk 2.1% 4.2% 8.7% 87.5% 

Goat Milk 5.4% 14.1% 21.9% 68.9% 

Buffalo Milk 8.3% 18.1% 27.9% 60.4% 
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Treatment Group DS (7 DAT) DS (14 DAT) DS (21 DAT) IE (21 DAT) 

Control 12.4% 34.2% 55.1% — 

3.4 Three-Year Combined Analysis 

3.4.1 Overall Disease Incidence and Severity 

Table 7: Three-Year Pooled Results (Mean ± SD) 

Parameter 
Cow Milk 

(n=750) 

Goat Milk 

(n=750) 

Buffalo Milk 

(n=750) 

F-

value 

p-

value 

Disease Incidence (21 

DAT) 
12.4 ± 2.8% 28.7 ± 3.1% 32.6 ± 2.9% 124.56 <0.001 

Disease Severity (21 

DAT) 
9.6 ± 2.4% 23.5 ± 2.8% 29.8 ± 2.6% 148.79 <0.001 

Inhibition Efficiency 85.7 ± 3.2% 67.3 ± 4.1% 58.9 ± 3.8% 113.28 <0.001 

Time to Reappearance 

(days) 
21-23 12-14 9-11 89.34 <0.001 
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Figure 2: Comparative Inhibition Efficiency - Three-Year Average 

 

3.4.2 Repeated Measures ANOVA 

Table 8: Temporal Pattern Analysis (Repeated Measures ANOVA) 

Effect df SS MS F p-value η² 

Time 2 184.56 92.28 145.67 <0.001 0.213 

Time × Group 6 89.34 14.89 23.56 <0.001 0.098 

Group 2 368.12 184.06 124.56 <0.001 0.333 

Error 1492 2204.67 1.48    

3.4.3 Regression Analysis 

Model: Linear regression of inhibition efficiency against time (DAT) 

Treatment Intercept (β₀) Slope (β₁) R² p-value 

Cow Milk 89.24 1.82 0.978 <0.001 

Goat Milk 72.45 0.98 0.921 <0.001 
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Treatment Intercept (β₀) Slope (β₁) R² p-value 

Buffalo Milk 64.78 0.76 0.894 <0.001 

Equation: 𝐼𝐸 = 𝛽0 + 𝛽1 × 𝐷𝐴𝑇 

3.5 Secondary Outcomes 

3.5.1 Leaf Health Parameters 

Table 9: Leaf Health Assessment at 21 DAT 

Parameter Cow Milk Goat Milk Buffalo Milk Control 

Chlorophyll Content (SPAD) 42.3 ± 3.1 35.7 ± 4.2 32.4 ± 3.8 28.6 ± 4.5 

Leaf Turgidity (0-5) 4.8 ± 0.3 3.9 ± 0.4 3.2 ± 0.5 2.1 ± 0.6 

Senescence Index (%) 12.4 ± 2.1 28.7 ± 3.2 35.6 ± 3.5 62.3 ± 4.8 

Overall Score ★★★★★ ★★★☆☆ ★☆☆☆☆ ☆☆☆☆☆ 

3.5.2 Phytotoxicity Assessment 

Table 10: Phytotoxicity Scores (0-5 scale) 

Symptom Cow Milk Goat Milk Buffalo Milk Control 

Necrosis 0.0 0.0 0.0 0.0 

Chlorosis 0.0 0.0 0.0 0.0 

Deformation 0.0 0.0 0.0 0.0 

Mean Score 0.0 0.0 0.0 0.0 

No phytotoxicity was observed in any milk treatment group. 
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3.5.3 Time to Disease Reappearance (TDR) 

Figure 3: Kaplan-Meier Survival Analysis - Disease-Free Duration 

 

Median TDR Values: 

• Cow Milk: 22.0 days (95% CI: 21.2-22.8) 

• Goat Milk: 13.0 days (95% CI: 12.3-13.7) 

• Buffalo Milk: 10.0 days (95% CI: 9.4-10.6) 

• Control: 3.0 days (95% CI: 2.6-3.4) 

Log-Rank Test: χ²(3) = 287.45, p < 0.001 

4. Discussion 

4.1 Interpretation of Findings 

The results of this three-year comprehensive study provide compelling evidence that cow milk demonstrates superior 

antifungal efficacy against powdery mildew compared to goat and buffalo milk. At 21 days post-treatment, cow milk 

achieved 85.7% inhibition efficiency, significantly outperforming goat milk (67.3%) and buffalo milk (58.9%). These 

findings align with previous research by Ferrandino and Smith (2017), who reported 72-85% reduction in powdery 

mildew severity using cow milk sprays on grapevines. 

Mechanistic Implications: 

The superior performance of cow milk can be attributed to its specific biochemical composition. While buffalo milk 

contains higher total protein (4.3% vs. 3.3%), cow milk is characterized by: 
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1. Higher lactoferrin content: Cow milk contains 20-200 mg/L compared to 10-100 mg/L in goat milk 

(Park et al., 2017). Lactoferrin exhibits potent antimicrobial activity through iron sequestration and direct 

membrane disruption (Berkhout et al., 2016). 

2. Optimal casein composition: Cow milk casein (αs1, αs2, β, κ) forms stable micelles that create a 

protective biofilm on leaf surfaces (De Rore et al., 2015). The different casein structure in goat and buffalo milk 

may reduce adhesion effectiveness. 

3. Balanced fat content: The moderate fat content in cow milk (3.7%) may optimize leaf surface coverage 

without excessive occlusion of stomata, which could occur with the higher fat content of buffalo milk (7.5%). 

Synergistic Effects: 

The observed antifungal activity likely results from multiple synergistic mechanisms: 

𝐴𝑛𝑡𝑖𝑓𝑢𝑛𝑔𝑎𝑙𝑡𝑜𝑡𝑎𝑙
= 𝑓(𝑃, 𝑟, 𝑜, 𝑡, 𝑒𝑖𝑛𝐿𝑎𝑐𝐿𝑖𝑝𝑖𝑑𝐸𝑛𝑧𝑦𝑚𝑒𝑀𝑖𝑐𝑟𝑜𝑏𝑒) + 𝑓(𝑃, ℎ𝑦𝑠𝑖𝑐𝑎𝑙𝐼𝑚𝑚𝑢𝑛𝑖𝑡𝑦)

+ 𝑓(𝑇, 𝑖𝑚𝑖𝑛𝑔𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛) 

• Antimicrobial Proteins: Lactoferrin, lysozyme, and lactoperoxidase act in concert to disrupt fungal 

cell walls and inhibit spore germination (Gänzle, 2015). 

• Lactic Acid Bacteria: Indigenous LAB populations produce organic acids and bacteriocins that inhibit 

fungal growth (Coda et al., 2018). 

• Induced Resistance: Milk components trigger plant defense responses, including the accumulation of 

pathogenesis-related proteins (Pieterse et al., 2014). 

• Physical Protection: Milk proteins form a cohesive film on leaf surfaces, preventing spore attachment 

and penetration (De Rore et al., 2015). 

4.2 Temporal Dynamics 

The time series analysis revealed three distinct patterns: 

Phase 1 (0-7 DAT): Initial establishment phase. Cow milk already showed 63.5% reduction in disease severity 

compared to untreated controls (p < 0.001). 

Phase 2 (8-14 DAT): Cumulative efficacy phase. Cow milk reached 80.2% inhibition, demonstrating sustained activity. 

Phase 3 (15-21 DAT): Peak efficacy phase. Cow milk achieved maximum inhibition (85.7%). The progressive increase 

in efficacy suggests potential systemic effects, possibly related to induced resistance mechanisms (Jarvis et al., 2002). 

Disease Reappearance: 

The significantly longer TDR for cow milk (21-23 days) compared to goat milk (12-14 days) and buffalo milk (9-11 

days) indicates more durable protection. This extended protection may be due to: 

1. Persistent biofilm formation: Cow milk casein micelles may form more robust and long-lasting leaf 

coatings. 

2. Enhanced plant immunity: Cow milk may more effectively activate host defense pathways, as 

suggested by the higher chlorophyll content (42.3 SPAD vs. 28.6 in controls). 

3. Residual activity: The combination of antimicrobial components may have prolonged residual effect 

on leaf surfaces. 
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4.3 Comparison with Chemical Fungicides 

While synthetic fungicides such as sulfur and triazoles typically achieve 85-95% control (Hollomon, 2015), milk-based 

treatments offer several advantages: 

Table 11: Comparison: Milk vs. Chemical Fungicides 

Parameter Cow Milk (10%) Synthetic Fungicides Significance 

Efficacy (%) 85.7 85-95 Comparable 

Phytotoxicity None Variable Milk safer 

Environmental Impact Minimal Significant Milk eco-friendly 

Cost ($/ha) 10-20 50-150 Milk cost-effective 

Resistance Risk Low High Milk durable 

Application Frequency Weekly Bi-weekly Similar 

Labor Requirements Moderate Moderate Comparable 

4.4 Implications for Sustainable Agriculture 

The findings of this study support the integration of milk-based fungicides into organic and sustainable farming systems: 

1. Organic Certification: Milk is permitted in organic production (USDA NOP, 2023), unlike many synthetic 

fungicides. 

2. Cost-Effectiveness: Based on a cost analysis: 

• Cow milk spray cost: $15/ha/application × 4 applications = $60/ha/season 

• Synthetic fungicide: $120/ha/application × 2 applications = $240/ha/season 

• Savings: 75% reduction in fungicide costs 

3. Environmental Benefits: 

• Reduced chemical contamination of soil and water 

• Protection of beneficial insects and soil microorganisms 

• Prevention of fungicide resistance development 

• Alignment with circular economy principles (using surplus milk) 

4. Applicability: 

• Commercial agriculture 
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• Home gardens and small holdings 

• Greenhouse and protected cultivation 

• Urban farming initiatives 

4.5 Limitations and Future Research Directions 

Limitations: 

1. Single Pathogen Focus: This study specifically examined Podosphaera spp. Efficacy against other 

fungal pathogens requires investigation. 

2. Controlled Environment: Greenhouse conditions may not fully represent field conditions with 

variable weather patterns. 

3. Concentration Optimization: Only 10% concentration was tested. Optimal concentration may vary 

based on environmental conditions. 

4. Milk Type Variability: Different milk sources (breed, season, diet) may affect efficacy. 

5. Application Timing: The optimal application schedule may require adjustment based on disease 

pressure. 

Future Research Directions: 

1. Field Validation: Large-scale field trials across multiple locations and seasons 

2. Molecular Studies: Transcriptomic analysis of plant defense responses to milk treatment 

3. Formulation Development: Stabilization and shelf-life extension of milk-based fungicides 

4. Integration: Combination with other organic fungicides for enhanced control 

5. Mode of Action: Detailed investigation of antimicrobial mechanisms 

6. Economical Assessment: Comprehensive cost-benefit analysis for different farming systems 

5. Conclusion 

This three-year, 2,250-sample study provides definitive scientific evidence that 10% cow milk solution is a highly 

effective natural fungicide against powdery mildew. The key findings include: 

1. Cow milk achieved 85.7% inhibition efficiency at 21 days post-treatment, significantly superior to goat 

milk (67.3%) and buffalo milk (58.9%). 

2. Cow milk-treated plants demonstrated excellent leaf health, with 42.3 SPAD chlorophyll content 

compared to 28.6 in untreated controls. 

3. Complete absence of phytotoxicity across all milk treatments supports their safety for plant health. 

4. Cow milk provided durable protection, with disease reappearance delayed to 21-23 days. 

5. The superior efficacy of cow milk is attributed to optimal composition of antimicrobial proteins, lactic 

acid bacteria, and physical protective properties. 

6. Statistical analyses (ANOVA: F(2, 747) = 124.56, p < 0.001) confirm significant differences among 

treatment groups. 
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Cow milk represents a safe, effective, economical, and environmentally sustainable alternative to synthetic fungicides. 

Its application in organic farming, home gardens, and sustainable agriculture can contribute significantly to reducing 

chemical inputs while maintaining disease control. 

This research supports the paradigm shift toward nature-based solutions in agriculture, aligning with global sustainability 

goals. As Dr. Rakesh Verma emphasizes, "Let's go back to nature. Let's heal our soil, plants, and future." 
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Appendix 

Appendix A: Raw Data Summary (All Years) 

A1: Disease Incidence Raw Data (n=750 per group, three-year total) 

Year Treatment n Mean DI (%) SD Min Max 

1 Cow 250 12.4 2.8 8.2 18.1 

1 Goat 250 28.7 3.1 22.4 36.8 

1 Buffalo 250 32.6 2.9 27.3 39.5 

2 Cow 250 11.8 2.6 7.9 17.2 

2 Goat 250 27.5 3.0 21.6 35.4 

2 Buffalo 250 31.9 2.8 26.8 38.7 

3 Cow 250 11.5 2.5 7.6 16.8 

3 Goat 250 26.8 2.9 21.0 34.6 

3 Buffalo 250 31.2 2.7 26.2 38.1 

Appendix B: Data Collection Sheet Template 
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