



Screening for powdery mildew disease resistance in F4 families of the cross JNA1 and Byadgi dabbi in chilli (Capsicum annuum L.)

ABSTRACT


Powdery mildew, caused by Leveillula taurica, is one of the major foliar diseases limiting chilli (Capsicum annuum L.) productivity. The present study investigated the progression of powdery mildew and evaluated resistance in F4 families derived from the cross JNA1 × Byadgi Dabbi during the late Kharif season of 2024-25 under natural epiphytotic conditions. Weekly disease monitoring was conducted from late December 2024 to February 2025. Initial symptoms were observed in the first week of January, with disease incidence gradually intensifying and peaking by the eighth week. Area Under Disease Progress Curve (AUDPC) values steadily increased from the first to the seventh week, while the highest apparent infection rate (r) was recorded in mid-February, indicating a rapid surge in disease severity. Resistance screening of F4 lines was performed at the fruit maturity stage using the 0-9 scale, none of the genotypes exhibited complete immunity (I). However, 11 genotypes displayed a highly resistant (HR) reaction and 9 were resistant (R), reflecting low levels of infection. The majority, 12 genotypes, were moderately resistant (MR), while 7 and 6 genotypes were classified as moderately susceptible (MS) and highly susceptible (HS), respectively. The wide distribution of resistance responses highlights significant genetic variability within the population. These findings emphasize the continuous and aggressive increase of powdery mildew in chilli and provide a valuable genetic base for selecting resistant lines in breeding programs aimed at developing powdery mildew resistance.
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INTRODUCTION 

Chilli (Capsicum annuum L.), an annual herbaceous crop of the Solanaceae family (2n=24), is one of the most widely cultivated spice crops worldwide. Originating in Tropical America and later introduced to India by the Portuguese in the 16th century, chilli has since become an integral component of Indian agriculture and cuisine. Among the 30 species of Capsicum, five are cultivated, with C. annuum being the most commercially significant. Chilli fruits are consumed both green and ripe and are valued for their pungency, colour, aroma and nutritional richness, including vitamins A, C and E. Industrially, chilli is an important source of oleoresin and natural colourants used in food, pharmaceutical and beverage industries, while capsaicin and related compounds have both medicinal and therapeutic applications.


Despite its importance, chilli productivity in India remains low compared to developed countries, largely due to biotic stresses. Several pathogens, including those causing damping-off, anthracnose, wilt, leaf curl, root-knot nematodes and powdery mildew, significantly constrain production. Among these, powdery mildew caused by Leveillula taurica (Lev.) Arn. is one of the most destructive fungal diseases, leading to 14-20% yield loss under field conditions (Sawant et al., 2018). The disease is characterised by yellowing on the upper leaf surface and whitish powdery growth on the lower surface, which can spread to both sides, causing premature leaf drop (Jharia et al., 1978). Older plants and lower leaves are most susceptible, and in severe cases, complete crop failure may occur (Abdel Kader et al., 2012).


Leveillula taurica is an obligate parasite that colonises host tissues endoparasitically, entering through stomata and forming haustoria to derive nutrients (Clerk and Ayesu-Offei, 1967). The pathogen thrives in temperatures between 15-25°C and relative humidity of 75-85%, conditions that often prevail during late-sown Kharif crops, where the disease is most severe. Given the limitations of chemical and cultural control measures, host plant resistance is widely regarded as the most effective, economical and sustainable strategy for managing powdery mildew in chilli. The present study focuses on evaluating resistance in F4 families derived from the cross JNA1 × Byadgi Dabbi, a commercially valuable but disease-susceptible variety, to identify promising lines for future breeding programmes.

MATERIAL AND METHODS

Experimental site and plant material


The study was conducted during the late Kharif season of 2024-25 at the Postgraduate Research Block, Main Agricultural Research Station (MARS), University of Agricultural Sciences, Raichur, Karnataka. Laboratory analyses were performed in the Department of Genetics and Plant Breeding, College of Agriculture, UAS, Raichur. The site is situated in the North-Eastern Dry Zone (Zone-II) of Karnataka (16°12′ N, 77°21′ E; 389 m above mean sea level) and is characterized by red sandy loam soil, an average annual rainfall of 879 mm, mean maximum temperatures exceeding 34°C and relative humidity ranging from 42–75%.


The experimental material comprised 45 F4 families derived from the cross JNA1 × Byadgi Dabbi, along with four checks (three resistant and one susceptible). The trial was laid out in an Augmented Block Design (ABD) with five blocks, each containing nine F4 families and four check entries. Each family was represented by five plants and observations were recorded on an individual plant basis.

Disease assessment


Powdery mildew incidence was recorded under natural epiphytotic conditions at weekly intervals from the initial appearance of symptoms until fruit maturity. Disease severity was scored using the 0-9 scale of Mayee and Datar (1986), where 0 indicated no infection and 9 denoted severe infection with defoliation. Recorded values were converted into Percent Disease Index (PDI) using Wheeler’s (1969) formula:

	PDI =
	Sum of individual disease ratings
	× 100

	
	Total number of leaves or plants observed × Maximum disease grade
	



Based on PDI, genotypes were classified into six reaction groups: Immune (I), Highly Resistant (HR), Resistant (R), Moderately Resistant (MR), Moderately Susceptible (MS) and Highly Susceptible (HS), following the method described by Khare and Lakpale (1997).

Epidemiological parameters

The apparent infection rate (r) was calculated according to Van der Plank (1963):
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Where, 

r = Apparent rate of infection or spread

X1 = PDI at time t1
X2 = PDI at time t2
t2 – t1 = Time interval in days between the two consecutive observation

The Area Under the Disease Progress Curve (AUDPC) was computed following Wilcoxson et al. (1975):

[image: image2.wmf])

t

(t

 

)

S

(S

 

1/2

AUDPC

1

2

1

-

I

K

1

I

I

-

+

=

å

=


Where, 

SI 
= Amount of disease at Ith time 

SI -1 
= Amount of disease at (I -1) th time

t2 – t1 
= Number of days between two observations

K 
= Number of successive evaluations of disease

Disease severity (%)


The percentage severity of powdery mildew was calculated as the proportion of diseased plants relative to the total number of plants assessed within each family.
RESULTS AND DISCUSSION
Symptoms of powdery mildew disease


The initial symptoms of powdery mildew in chilli caused by Leveillula taurica were first observed during the flowering and fruit initiation stages. Consistent with earlier reports (Sharmila et al., 2006; Marthand and Prabhu, 2017), the disease began as chlorotic patches on the adaxial leaf surface, followed by whitish powdery growth on the abaxial surface. Progressive infection led to leaf curling, necrosis and defoliation in highly susceptible plants, severely reducing photosynthetic activity and yield potential. In extreme cases, heavy defoliation and stunted growth were observed, which is similar to the findings of Vineeth et al. (2023), who reported significant canopy loss and yield decline due to powdery mildew in chilli.


The onset of powdery mildew was first noticed in Standard Meteorological Week 1 (January 1-7, 2025) with 6% incidence, a PDI of 3.59%, and an AUDPC of 40.49, marking the beginning of the epidemic. Disease progression was steady in the following weeks, with incidence rising to 15% and PDI 7.33% in SMW 2 and then doubling to 30% (PDI 10.38%) by SMW 3. The AUDPC values increased correspondingly with cumulative values of 107.12 and 202.49, while the infection rate (r) ranged between 0.010-0.013, indicating favourable conditions for disease build up. By SMW 4, incidence had escalated to 57% with PDI at 15.20% and cumulative AUDPC at 337.08, showing consistent pathogen activity.

A sharp rise was observed in SMW 5-7, where incidence surged from 68.4% to 90.6%, and PDI increased from 21.38% to 40.62%. The cumulative AUDPC were 1083.60, with the peak weekly infection rate (r = 0.017) in SMW 7, suggesting highly conducive conditions. In the final week (SMW 8), incidence reached 94% with the maximum PDI of 46.83%, though the infection rate slightly declined (r = 0.016), indicating saturation of host tissue and the epidemic approaching a plateau (Table 1; Figures 1 and 2). Similar epidemic trends were reported by Vineeth et al. (2023).

Apparent infection rate (r) and AUDPC


The apparent infection rate (r) varied considerably among the F4 plants of the cross JNA1 × Byadgi Dabbi, highlighting the segregating nature of the population. The r-value ranged from zero in resistant lines (2, 7, 10, 23, 33 and 39) to 0.050 in highly susceptible lines (37), indicating differences in host response to pathogen colonisation. Lines exhibiting zero r-values suggest the presence of effective resistance genes restricting pathogen spread. Similar observations were reported by Van der Plank (1963), who emphasized that lower r-values are indicative of durable resistance.


The Area Under Disease Progress Curve (AUDPC) also showed wide variation, ranging from 12.96 in resistant lines (2, 10, 33 and 39) to 3637.96 in susceptible lines (22, 16, 30 and 38), (Table 2). Lines with high AUDPC values exhibited persistent and severe infection throughout the crop season, reflecting poor disease resistance. In contrast, genotypes with low AUDPC values demonstrated limited disease progression and sustained resistance across observation periods. These results align with earlier findings by Wilcoxson et al. (1975), who suggested that AUDPC is a reliable epidemiological parameter for distinguishing disease reactions in segregating populations.

Screening through phenotypic scoring


Based on Mean Percent Disease Index (PDI), genotypes were classified into six reaction groups (Khare and Lakpale, 1997). Out of 45 genotypes screened, None of them were immune (I), 11 genotypes were classified as Highly Resistant (HR), 9 as Resistant (R) and 12 as Moderately Resistant (MR). Together, these groups accounted for nearly 71% of the population, suggesting that resistance traits from the donor parent (JNA1) were successfully transmitted (Table 3 and Table 4). A smaller proportion of genotypes 7 were Moderately Susceptible (MS), while 6 were Highly Susceptible (HS), reflecting inheritance from the susceptible parent (Byadgi Dabbi).


The high frequency of HR, R and MR genotypes indicates the role of polygenic or quantitative resistance, which could be harnessed in future breeding programs. These findings are consistent with Marthand and Prabhu (2017), who reported the predominance of resistant genotypes in chilli populations screened for powdery mildew. Similarly, Sharmila et al. (2006) highlighted that complete immunity to L. taurica is rare in chilli, and resistance is often expressed as partial or moderate tolerance.

Breeding implications


The observed variability in AUDPC, apparent infection rate (r) and phenotypic scoring underscores the genetic heterogeneity within the F4 population. Lines showing low PDI, zero r-values and minimum AUDPC are promising candidates for further advancement in breeding programs. These resistant plants, when combined with desirable yield and quality traits, can serve as valuable genetic resources for developing powdery mildew resistant chilli varieties.


The integration of epidemiological parameters such as ‘r’ and AUDPC with phenotypic scoring provides a robust framework for identifying durable resistance. As suggested by Vineeth et al. (2023), the selection of genotypes combining low disease progression and high yield stability can enhance the resilience of chilli production systems against powdery mildew epidemics.

CONCLUSION

The present study on powdery mildew (Leveillula taurica) in chilli revealed significant variation in disease severity, apparent infection rate (r) and Area Under Disease Progress Curve (AUDPC) among the F4 population of the cross JNA1 × Byadgi Dabbi. Disease onset was observed in early January 2025, with severity peaking by mid-February under favourable environmental conditions.


Phenotypic screening categorized the genotypes into six reaction groups, None of them were immune, 11 genotypes identified as Highly Resistant (HR), 9 as Resistant (R) and 12 as Moderately Resistant (MR). These resistant groups accounted for the majority of the population, highlighting the effective transmission of resistance traits from the donor parent JNA1. In contrast, 7 and 6 genotypes were classified as Moderately Susceptible (MS) and Highly Susceptible (HS), respectively, reflecting the influence of the susceptible parent Byadgi Dabbi.


The wide range in r-values (0.00-0.050) and AUDPC (12.96-3637.96) further confirms the segregating genetic nature of the population. Genotypes exhibiting low PDI, zero r-values, and minimal AUDPC demonstrated strong resistance and should be prioritized for advancement in breeding programs.


Overall, the integration of epidemiological parameters with phenotypic screening proved effective in identifying resistant genotypes. These resistant F4 genotypes provide a valuable genetic base for breeding durable powdery mildew resistant chilli varieties, thereby contributing to sustainable chilli production and reduced yield losses under natural epiphytotic conditions
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Table 1. Apparent rate of infection (r) and Area Under Disease Progress Curve (AUDPC) of powdery mildew disease in chilli during late Kharif  2024-25

	Dates
	Standard meteorological week
	Disease severity (%)
	PDI
	AUDPC

values
	Cumulative AUDPC values
	‘r’ value/week

	December 24-31 (2024)
	52
	-
	-
	-
	-
	-

	Jan 01-07 (2025)
	1
	6
	3.59
	40.49
	40.49
	-

	Jan 08-14
	2
	15
	7.33
	66.63
	107.12
	0.010

	Jan 15-21
	3
	30
	10.38
	95.37
	202.49
	0.013

	Jan 22-28
	4
	57
	15.20
	134.59
	337.08
	0.010

	Jan 29-Feb 04
	5
	68.4
	21.38
	180.75
	517.83
	0.015

	Feb 05-11
	6
	85
	27.78
	250.87
	768.70
	0.012

	Feb 12-18
	7
	90.6
	40.62
	314.90
	1083.60
	0.017

	Feb 19-25
	8
	94
	46.83
	166.35
	1249.95
	0.016


Table 2. Highest and lowest AUDPC and apparent rate of infection (r) value among F4 population of cross JNA1 and Byadgi dabbi in chilli

	Sl. No
	
	Value
	Number of F4 lines
	F4 Line Number 

	1
	Highest total AUDPC value
	3637.96
	4
	22, 16, 30 and 38

	2
	Lowest total AUDPC value
	12.96
	4
	2, 10, 33 and 39

	3
	Highest apparent ‘r’ value
	0.050
	1
	37

	4
	Lowest apparent ‘r’ value
	0
	6
	2, 7, 10, 23, 33 and 39


Table 3. Mean PDI and Disease reaction of F4 genotypes against powdery mildew disease caused by Leveillula taurica in chilli 

	F4
Genotypes
	Mean  PDI
	Disease reaction
	F4 Genotypes 
	Mean PDI
	Disease reaction
	F4 Genotypes
	Mean PDI
	Disease reaction

	1
	14.15
	MR
	16
	64.96
	HS
	31
	12.20
	MR

	2
	0.23
	HR
	17
	29.63
	MS
	32
	23.15
	MR

	3
	1.16
	R
	18
	23.15
	MR
	33
	0.23
	HR

	4
	15.97
	MR
	19
	22.61
	MR
	34
	36.69
	MS

	5
	0.69
	HR
	20
	16.77
	MR
	35
	55.60
	HS

	6
	12.90
	MR
	21
	1.39
	R
	36
	40.39
	MS

	7
	1.16
	R
	22
	64.96
	HS
	37
	54.15
	HS

	8
	0.93
	HR
	23
	0.46
	HR
	38
	64.96
	HS

	9
	13.19
	MR
	24
	43.45
	MS
	39
	0.23
	HR

	10
	0.23
	HR
	25
	40.39
	MS
	40
	17.13
	MR

	11
	1.85
	R
	26
	2.55
	R
	41
	47.06
	MS

	12
	16.80
	MR
	27
	0.93
	HR
	42
	0.93
	HR

	13
	0.69
	HR
	28
	4.63
	R
	43
	1.16
	R

	14
	30.56
	MS
	29
	16.90
	MR
	44
	4.63
	R

	15
	1.39
	R
	30
	64.96
	HS
	45
	0.69
	HR


Table 4. Grouping of the F4 population of the JNA1 × Byadgi dabbi in chilli based on their reaction to powdery mildew disease

	Grades
	Per cent of infection
	Disease reaction
	Number of genotypes obtained
	F4 Line Number 

	0
	0
	Immune (I)
	0
	-

	1
	Upto 1
	Highly Resistant (HR)
	11
	2, 5, 8, 10, 13, 23, 27, 33, 39, 42 and 45

	3
	1-10
	Resistant (R)
	9
	3, 7, 11, 15, 21, 26, 28, 43 and 44

	5
	11-25
	Moderately resistant (MR)
	12
	1, 4, 6, 9, 12, 18, 19, 20, 29, 31, 32 and 40

	7
	26-50
	Moderately susceptible (MS)
	7
	14, 17, 24, 25, 34, 36 and 41

	9
	>50
	Highly susceptible (HS)
	6
	16, 22, 30, 35, 37 and 38
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Figure 1. Area Under Disease Progress Curve (AUDPC) for chilli powdery mildew during late Kharif – 2024-25
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 Figure 2. Percent Disease Index (PDI) and Apparent rate of infection for chilli powdery mildew during late Kharif – 2024-25

