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ABSTRACT
Aim: Powdery mildew, caused by obligate biotrophic fungi of the order Erysiphales, is a major yield-limiting disease in blackgram, leading to losses of 20–30%. While cultural and biological methods offer partial control, they are often insufficient and reliance on conventional fungicides poses risks of resistance development. This study aims to evaluate the efficacy of novel fungicides and bioagents against powdery mildew in blackgram, in comparison with a standard recommended fungicide and to identify effective and sustainable management strategies.
Methodology: Two field experiments were conducted during the consecutive years of rabi 2023–2024 and 2024–2025 to evaluate the efficacy of novel fungicides and biocontrol agents in managing powdery mildew disease of blackgram at RARS, Lam, Guntur, India.
Results: The pooled analysis of both the years resulted that, among the tested treatments, the novel fungicide – Cyflufenamid @1ml l-1 exhibited the highest reduction in disease severity (70.81%) followed by Hexaconazole @ 2 ml l-1 (chemical check) with 40.77% when compared to the untreated control. Whereas, The biocontrol agents Ampelomyces quisqualis and Bacillus subtilis were statistically on par, reducing disease severity by 31.89% over the control. Yield enhancement was significantly higher in Cyflufenamid-treated plots, recording a 60.19% increase over the control with a maximum cost-benefit ratio of 2.03. 
Conclusion: The study highlights the growing need for novel fungicides due to rising resistance in powdery mildew pathogens and combining novel fungicides and bioagents as an integrated approach for ensuring sustainable disease management.
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1. INTRODUCTION
Black gram (Vigna mungo L.) is a vital short-duration pulse crop cultivated year-round across diverse agro-climatic zones in India. The country contributes approximately 70% to global black gram production, with an estimated output of 20.55 lakh tonnes in 2023–24 and yielding 598 kg/ha from 4 million hectares. Of the total area, about 80% is cultivated during the kharif season and 20% during rabi with ten states accounting for over 90% of national production. Overall, black gram contributes 10.25% to India’s total pulse production and occupies 29% of the pulse-growing area (ANGRAU, 2024). Despite its widespread cultivation and significance as a rich dietary protein source, black gram productivity remains suboptimal, primarily due to various biotic and abiotic stresses. Among the biotic factors, Powdery mildew disease play a major role in yield reduction, causing estimated losses of 20–30%. It is caused by obligate biotrophic fungi in the order Erysiphales, as a prominent threat (Braun, 2011). This fungi infects nearly 10,000 angiosperm species, including economically important crops like cereals and
 grapes (Green et al., 2002) whereas in black gram, powdery mildew symptoms typically emerge around 45 days after sowing (Abbaiah, 1993) and can lead to yield losses up to 20% (Jayasekhar and Ebenezar, 2016). If the disease appears at the seedling stage, it may even result in complete crop failure. 
The cultural and biological methods can reduce the incidence of powdery mildew, they often fall short of providing effective protection. Consequently, chemical control using conventional fungicides remains the most widely adopted strategy. However, frequent fungicide applications increase the risk of resistance development, especially against high-risk powdery mildew pathogens. These fungi have rapidly developed resistance to several major fungicide classes, including sterol demethylation inhibitors (DMIs), quinone outside inhibitors (QoIs) and succinate dehydrogenase inhibitors (SDHIs) reducing the long-term efficacy of chemical control. Given the nutritional and economic importance of black gram, relying solely on conventional fungicides is not a sustainable approach. Therefore, the present study aims to evaluate the efficacy of novel fungicides and bioagents, comparing their performance with a standard recommended fungicide, to identify alternative and integrated management strategies for powdery mildew control.
2. MATERIAL AND METHODS
Two field trials were conducted during rabi 2023–24 and 2024–25 at the Regional Agricultural Research Station, Lam, Guntur, to assess the efficacy of novel fungicides and biocontrol agents against powdery mildew in Black gram. The experiments were laid out in a randomized block design (RBD) with five treatments, including an untreated control and each treatment was replicated four times with a plot size of 25 m². The study utilized PU31, a powdery mildew-susceptible Blackgram variety, sown in the second fortnight of November at a spacing of 30 × 10 cm. Standard agronomic practices recommended by ANGRAU's Crop Production Guide were followed, except for fungicide application. The first spray was applied at the initial appearance of the disease, followed by a second and third spray at a 15-day interval. Disease severity was assessed using a 0–5 scale (AICRP-MULLaRP, 2013) and the percent disease index (PDI) was calculated (Townsend and Heuberger, 1943). Yield data were recorded from each plot and expressed in kg/ha to evaluate the treatment effects on crop productivity.
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3. RESULTS AND DISCUSSION
The mean percent disease Index was recorded highest in 2024-2025 of untreated control (92.00) when compared in 2023-2024 (90.00). The results showed that all the novel fungicides, conventional fungicide and bioagents were tested effective in controlling the disease severity when compared with untreated control. The pooled analysis from rabi 2023-2025 resulted that among all the tested treatments, Cyfluflenamid @1ml l-1 consistently outperformed with the rest of the treatments and emerged as the most effective fungicidal treatment in both years with 70.81 per cent disease reduction over control followed by Hexaconazole with 64.05% (Table 1). Both the bioagents were performed better than the untreated control exhibiting comparable performance with each other and recording a per cent disease index of 61.00. In terms of yield performance, Cyflufenamid @1ml l-1(T1) again led with a 94.41% increase in yield over control, reflecting its excellent disease control and plant health benefits. Further, Hexaconazole @2ml l-1(T5) also performed well with a 73.84% yield increase, followed by Fluopyram + Tebuconazole 17.7% w/w SC @1ml l-1 (T2) at 46.48%. The bioagents Ampelomyces quisqualis @ 5ml l-1(T3) and Bacillus subtilis @ 5ml l-1(T4) showed yield increases of 20.94% and 17.19%, respectively, indicating moderate improvement but still significantly lower than chemical treatments. The untreated control remained the lowest in yield underscoring the substantial loss due to lack of management practices. However, the CBR of 1: 2.36 was recorded in Cyflufenamid @1ml l-1(T1) and denoting that this novel fungicide is not only biologically effective but also economically profitable.
Currently, the management of powdery mildew in crops largely depends on two primary strategies: the use of resistant cultivars and the application of fungicides. While resistant commercial varieties and breeding lines have been successfully developed for some crops (Tetteh et al., 2010), The durability of such resistance is often compromised by the emergence of new pathogen races (Pérez-García et al., 2009). In response, alternative approaches like using inorganic, organic and biological control agents have been explored for their potential efficacy in controlling the disease (Romero et al., 2007). However, despite these efforts, practical field control of powdery mildew continues to rely heavily on fungicide applications, with growers making substantial annual investments in chemical control measures.
Unfortunately, this dependency on fungicides has led to the emergence of resistant races of pathogen, diminishing the effectiveness of conventional chemical treatments. Fungicide resistance in powdery mildew pathogens presents a significant global challenge, especially with site-specific fungicides. Two distinct types of resistance were characterized like qualitative resistance which is marked by a sudden and complete loss of fungicide efficacy resulting in clearly separated sensitive and resistant isolates and the other is quantitative resistance in which control efficacy declines gradually due to varying levels of resistance within the pathogen population (De Miccolis et al., 2015).
This growing concern over fungicide resistance necessitates the evaluation and adoption of novel fungicides with different modes of action. In line with this, the present investigation explores the potential of new fungicides for effective powdery mildew management. Our findings are consistent with those of Vielba-Fernández et al. (2020), who highlighted the effectiveness of Cyflufenamid, a phenyl-acetamide fungicide (FRAC U06) has been registered for powdery mildew control in various crops at many countries such as Japan (2002), the UK (2005), Europe (2010), the US (2012) and India. Whereas, Hexaconazole, a systemic fungicide from the demethylation inhibitor (DMI) class (FRAC 03), works by inhibiting C14-demethylase in the ergosterol biosynthesis pathway, thereby effectively reducing disease progression. The use of chemical fungicides can reduce the severity of disease were reported by earlier studies conducted by Chand et al. (2000) and Singh and Sharma (2009). Similarly, These findings are further supported by Kumari et al. (2024) concluded that Karathane showed the highest disease suppression (61.53%) against powdery mildew in peas, followed closely by Hexaconazole (57.69%). In addition to chemical methods, biological control exhibited promising results in the current investigation. Our findings were align with Jayasekhar and Ebenezar (2016) who reported significant disease reduction using Ampelomyces quisqualis, a mycoparasite of powdery mildew, when compared to untreated controls. The effectiveness of novel fungicides is quite good but along with chemical control, the use of resistant crop varieties, biological control agents and appropriate cultural practices can be helpful in managing the disease.


CONCLUSION
The present study underscores the increasing necessity for novel fungicides in managing powdery mildew of blackgram, primarily driven by the emergence of resistance against commonly used chemical fungicides. The findings reveal that while conventional fungicides continue to provide disease suppression, their repeated application may compromise long-term efficacy. In this context, the integration of novel fungicides with effective bioagents offers a promising alternative. This combined approach not only enhances disease control but also contributes to resistance management and environmental sustainability. Promoting such integrated disease management strategies is essential for reducing chemical input, safeguarding crop yield and ensuring the long-term health of agro-ecosystems.



COMPLIANCE WITH ETHICAL STANDARDS
Conflict of interest. The authors declares that they have no conflict of interest.


















Table 1:  EVALUATION OF POWDERY MILDEW MANAGEMENT IN BLACKGRAM: POOLED PERCENT DISEASE INDEX FROM 2023-2025
	
Trt No
	Treatments
	Pooled Data (2023-2025)

	
	
	
Percent Disease Index
	Per cent disease reduction
Over
Control
	Yield
(q/ha)
	Per cent  yield increase
Over
Control
	Cost Benefit Ratio

	
	
	After 1st Spray
	After 2nd Spray
	After 3rd  Spray
	
	
	
	

	T1
	Cyflufenamid@1ml l-1
	8.50
(2.90)e
	11.25
(19.54)e
	25.00
(29.97)e
	70.81
	10.03a
	94.41
	2.36

	T2
	Fluopyram 17.7% + Tebuconazole 17.7% w/w SC @1ml l-1
	18.00
(4.23)c
	27.50
(31.59)c
	46.50
(42.99)c
	47.56
	7.56c
	46.47
	1.64

	T3
	Ampelomyces quisqualis @ 5ml l-1
	20.00
(4.47)c
	40.25
(39.38)b
	61.00
(51.33)b
	31.89
	6.28d
	20.94
	1.29

	T4
	Bacillus subtilis @ 5ml l-1
	24.75
(4.99)b
	44.50
(41.84)b
	61.00
(51.41)d
	31.89
	6.08d
	17.19
	1.22

	T5
	Hexaconazole @ 2ml l-1
	11.00
(3.31)d
	18.75
(25.59)d
	31.25
(33.92)d
	64.05
	9.01b
	73.84
	2.11

	T6
	Untreated control
	31.00
(5.56)a
	61.00
(50.37)a
	91.00
(74.16)a
	
	5.20e
	
	1.03

	
	SEm ±
	0.110
	1.180
	0.792
	
	0.390
	
	

	
	CD (P≤ 0.05)
	0.337
	3.557
	2.378
	
	1.188
	
	

	
	CV(%)
	5.268
	6.799
	3.336
	
	7.742
	
	


      Figures with similar alphabets doesn’t differ significantly, DAS – Days after sowing, Figures in parenthesis after 1st spray are square root transformed values and figures in parenthesis after 2nd and 3rd spray are arc sine square root transformed values
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