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ABSTRACT
[bookmark: _jwrblxnfapuy]Oilseed Brassicas are highly susceptible to Sclerotinia stem rot caused by Sclerotinia sclerotiorum (Lib.) de Bary, a globally destructive pathogen responsible for severe yield and quality losses. The present study aimed to evaluate rapeseed-mustard genotypes for resistance under artificial epiphytotic conditions using epidemiological disease parameters. Field experiments were conducted during two consecutive Rabi seasons (2022-23 and 2023-24) at the TCA Dholi Research Farm, Bihar, to screen eighteen genotypes obtained from AICRP on Rapeseed-Mustard against Sclerotinia rot. Artificial inoculation (Cotton swab) was performed at flowering using a virulent isolate of S. sclerotiorum, and disease development was assessed using Percent Disease Index (PDI), Area Under Disease Progress Curve (AUDPC), and apparent infection rate (r-value). Pooled analysis revealed that there was considerable variability among genotypes; none exhibited resistant or moderately resistant reactions. Twelve genotypes were categorized as moderately susceptible with comparatively lower disease progression, while five genotypes were susceptible and one genotype (NPC 16) was highly susceptible. Moderately susceptible genotypes such as DRMRIS 20-5, DRMRDR 2156, DRMRDR 2119, and DRMRIS 20-1 recorded lower pooled PDI (25-33%), reduced AUDPC values (330-489), and moderate r-values, indicating slower lesion expansion and partial resistance. In contrast, susceptible genotypes including NRCHB 101 and Rohini exhibited high PDI (̴ 55%), elevated AUDPC (>800), and rapid disease progression. The r-value ranged from 0.02 to 0.18, reflecting seasonal variation in epidemic development.
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1. INTRODUCTION
Rapeseed-mustard (Brassica spp.) constitutes one of the most important groups of oilseed crops globally, providing substantial contributions to edible oil supply, livestock feed, and industrial raw materials (ICAR-DRMR, 2025). Despite major advances in varietal development and agronomic management, significant yield gaps persist across production environments, largely due to biotic stresses. Among these, Sclerotinia stem rot, caused by the necrotrophic pathogen Sclerotinia sclerotiorum (Lib.) de Bary, remains a major constraint. The fungus possesses an exceptionally wide host range infecting more than 400 species and forms long-lived sclerotia that support survival in soil for many years, enabling repeated epidemics under cool, moist conditions (Purdy, 1979; Bolton et al., 2006; Thomma et al., 2006).
Accumulation of sclerotia in soils driven largely by continuous cultivation of rapeseed–mustard under irrigated conditions has intensified disease severity across India’s major Brassica-growing regions. High inoculum pressure and recurrent outbreaks have been reported in Rajasthan, Haryana, Punjab, Assam, West Bengal, Madhya Pradesh, Uttar Pradesh, and Bihar (Aggarwal et al., 1997; Saharan & Mehta, 2002). Disease incidence may reach up to 80% in Punjab, Haryana, and Uttar Pradesh (Kang & Chahal, 2000; Sharma et al., 2001), and yield losses approaching 60% have been documented in severely affected fields in Rajasthan (Ghasolia et al., 2004). Such patterns underscore the increasing vulnerability of India’s Brassica production landscapes to severe Sclerotinia epidemics.
Sclerotinia sclerotiorum typically infects Brassica crops during flowering, when colonized petals lodge on stems and branches under humid conditions, promoting mycelial invasion. Subsequent white mycelial growth, girdling lesions, premature senescence, and stem breakage can result in substantial yield losses. Under favorable conditions, losses of 20-50% are commonplace, and catastrophic damage occurs during epiphytotics (Bolton et al., 2006; Derbyshire & Denton-Giles, 2016). The persistence of sclerotia in soil complicates crop rotation strategies, as latent inoculum can survive multiple seasons (Peltier et al., 2012).
Management of Sclerotinia stem rot in Brassica crops typically combines chemical, cultural, and biological approaches (Sinha et al., 2023); however, these tactics often show inconsistent performance under high disease pressure or may be constrained by economic or environmental considerations (Derbyshire & Denton-Giles, 2016). Consequently, host resistance is widely regarded as the most sustainable long-term strategy. Yet, resistance to S. sclerotiorum is predominantly quantitative and polygenic, making the development of fully resistant cultivars challenging (Bolton et al., 2006).
Recent screening efforts across Brassica germplasm continue to reveal a lack of complete resistance but have identified genotypes exhibiting partial resistance or delayed disease development traits that are valuable when combined with integrated disease-management practices (Choudhary et al., 2021; Sharma et al., 2025). Artificial inoculation methods allow precise assessment of lesion progression, AUDPC, and disease severity, whereas natural epiphytotic trials provide insight into genotype × environment interactions (Sheshma et al., 2025; Sharma et al., 2025).
The present study evaluates eighteen rapeseed-mustard genotypes obtained from AICRP Rapeseed-Mustard, Dholi Centre, under standardized artificial inoculation across two Rabi seasons. Using metrics such as Percent Disease Index (PDI), lesion length, and Area Under Disease Progress Curve (AUDPC), the study aims to: (i) classify genotypes according to the modified Lesovoi 0-4 scale, (ii) assess consistency of disease response across years, and (iii) identify promising sources of partial resistance for incorporation into breeding programs. Given the quantitative nature of Sclerotinia resistance, the identification of genotypes expressing stable partial resistance across seasons provides a pragmatic foundation for pyramiding minor-effect loci into elite Brassica backgrounds.

2. MATERIALS AND METHODS
The present investigation was carried out during Rabi 2022-23 and 2023-24 at the Dholi Research Farm, Tirhut College of Agriculture (Dr. Rajendra Prasad Central Agricultural University), Dholi, Bihar, to evaluate eighteen rapeseed-mustard genotypes for their reaction to Sclerotinia stem rot caused by Sclerotinia sclerotiorum. The test entries were obtained from AICRP on Rapeseed-Mustard, TCA, Dholi Centre, and included advanced breeding lines along with a known susceptible check 66-197-3 (Yellow Sarson), as used in earlier Brassica screening studies (Choudhary et al., 2021).

2.1 Experimental Layout
The field experiment was laid out in a Randomized Block Design (RBD) with two replications, evaluating eighteen rapeseed-mustard genotypes in 3-meter-long single-row plots with plant spacing of 30 cm × 10 cm. Recommended agronomic practices for mustard cultivation such as land preparation, fertilizer application, irrigation, and weed management were uniformly followed during both seasons to ensure healthy crop growth and uniform disease development across entries.
2.1 Pathogen Source and Inoculum Preparation
A virulent isolate of Sclerotinia sclerotiorum maintained on potato dextrose agar (PDA) was used for artificial inoculation. Cultures were incubated for 7-10 days, and 5 mm mycelial discs were cut from the actively growing margin of the culture plates. This inoculation technique is consistent with established protocols for Sclerotinia screening in Brassica species (Choudhary et al., 2021).
2.3 Artificial Inoculation Procedure
Artificial inoculation was carried out at the flowering stage, the most susceptible phase for infection. In each genotype, ten randomly selected plants were inoculated by placing a 5 mm PDA mycelial disc directly onto the third internode of the main stem. A sterile cotton swab moistened with distilled water was wrapped around the inoculation site to maintain adequate humidity, facilitating fungal penetration and lesion development. The same procedure was followed for both seasons to ensure uniform inoculation pressure.
2.4 Disease Assessment
Disease development was monitored regularly, and observations were recorded when the susceptible check exhibited elongated lesions (>3 cm). Disease severity was quantified using the Percent Disease Index (PDI) calculated as:

The disease incidence was recorded and expressed as per cent disease index (PDI) using the ratings employing the formula:
Disease index = (∑ (rating x number of plants rated)/Total number of plants x highest rating) x 100. 
Based on the PDI, the phenotypes of the plants were categorized for the stem rot resistance as 1-20% = 1, 21-40% =2, 41-60% = 3, >60% = 4, where: 0= Resistant (R), 1 = Moderately resistant (MR), 2 = Moderately susceptible (MS), 3= Susceptible (S), 4= Highly susceptible (HS). (Modified 0-4 scale by Lesovoi et al., 1987)
2.5 Area Under the Disease Progress Curve (AUDPC)
Disease progression was quantified by calculating the Area Under the Disease Progress Curve for each genotype across both seasons. Disease severity was assessed at regular intervals following inoculation, and AUDPC values were computed using the trapezoidal integration method as described by Simko and Piepho (2012):

where y is the Per cent Disease Index (PDI) recorded at each observation, t is the time in days at each observation, i is the observation number, and n is the total number of observations. The AUDPC combines disease severity values recorded over time into a single quantitative measure, thereby representing the overall disease development during the crop season. Higher AUDPC values indicate faster disease progression and greater disease severity, and therefore reflect higher susceptibility of the genotype.
2.6 Apparent Rate of Infection (r)
The apparent rate of infection (r) was calculated to determine the speed of disease development in each genotype. This parameter was estimated using the formula proposed by Van der Plank (1963):

where x₁ and x₂ represent the proportion of disease (PDI expressed as a decimal fraction) at times t₁ and t₂, respectively. The apparent infection rate provides insight into the temporal dynamics of disease spread and serves as an additional criterion for assessing genotypic resistance. Lower r values indicate slower disease progression and suggest greater resistance to the pathogen. Disease severity assessments were conducted at weekly intervals, with t₁ and t₂ representing consecutive observation dates separated by a fixed seven-day interval throughout the epidemic period. The apparent infection rate was calculated between each consecutive seven-day period, and mean r-values across all observation intervals were computed for comparative analysis among genotypes.
3. RESULTS AND DISCUSSION
3.1 Reaction of Rapeseed-Mustard (Brassica spp.) Genotypes Against Sclerotinia Rot Under Artificial Inoculated conditions
Table 1. Classification of genotypes based on pooled Per cent Disease Index (PDI)
	Reaction Category
	PDI Range (%)
	No. of Genotypes
	Genotypes

	Resistant (R)
	0
	0
	–

	Moderately Resistant (MR)
	1–20
	0
	–

	Moderately Susceptible (MS)
	21–40
	12
	DRMRDR 2238, NRCYS-05-02, DRMRIS 20-5, DRMRIS 20-11, DRMRDR 2239, BioYSR, DRMRIS 20-1, DRMRDR 2156, DRMRSJ 361, DRMRSJ-25, DRMRDR 2220, DRMRDR 2119

	Susceptible (S)
	41–60
	5
	DRMRDR 2237, DRMRIS 20-4, DRMRMJA 35, NRCHB 101, Rohini

	Highly Susceptible (HS)
	>60
	1
	NPC 16



Table 2. Combined pooled disease severity metrics (PDI, AUDPC, r-value, score, and reaction) of rapeseed–mustard genotypes
	Genotype
	PDI 2022-23
	PDI 2023-24
	Pooled Mean PDI
	AUDPC 2022-23
	AUDPC 2023-24
	Mean AUDPC
	r-value
	Score
	Reaction

	DRMRDR 2238
	41.8
	37.8
	39.8
	609.0
	581.0
	595.0
	0.11
	2
	MS

	NRCYS-05-02
	41.2
	36.4
	38.8
	518.0
	523.6
	520.8
	0.15
	2
	MS

	DRMRIS 20-5
	24.2
	27.2
	25.7
	326.2
	372.4
	349.3
	0.13
	2
	MS

	DRMRIS 20-11
	33.2
	35.4
	34.3
	470.4
	485.8
	478.1
	0.13
	2
	MS

	DRMRDR 2239
	38.4
	30.8
	34.6
	560.0
	383.6
	471.8
	0.09
	2
	MS

	BioYSR
	35.8
	37.6
	36.7
	541.8
	574.0
	557.9
	0.10
	2
	MS

	DRMRIS 20-1
	31.0
	36.0
	33.5
	488.6
	490.0
	489.3
	0.11
	2
	MS

	DRMRDR 2156
	24.8
	27.6
	26.2
	313.6
	347.2
	330.4
	0.16
	2
	MS

	DRMRSJ 361
	31.4
	32.4
	31.9
	410.2
	448.0
	429.1
	0.14
	2
	MS

	DRMRSJ-25
	36.6
	39.8
	38.2
	488.6
	600.6
	544.6
	0.13
	2
	MS

	DRMRDR 2220
	33.0
	39.0
	36.0
	477.4
	595.0
	536.2
	0.11
	2
	MS

	DRMRDR 2119
	27.4
	31.0
	29.2
	365.4
	385.0
	375.2
	0.12
	2
	MS

	DRMRDR 2237
	41.6
	46.8
	44.2
	515.2
	616.0
	565.6
	0.18
	3
	S

	DRMRIS 20-4
	42.6
	50.4
	46.5
	589.4
	683.2
	636.3
	0.02
	3
	S

	DRMRMJA 35
	46.0
	52.6
	49.3
	646.8
	709.8
	678.3
	0.16
	3
	S

	NRCHB 101
	58.2
	52.0
	55.1
	819.0
	784.0
	801.5
	0.15
	3
	S

	Rohini
	57.4
	53.0
	55.2
	833.0
	816.2
	824.6
	0.14
	3
	S

	NPC 16
	62.4
	58.0
	60.2
	921.2
	677.6
	799.4
	0.06
	4
	HS



Pooled analysis of disease incidence across two consecutive Rabi seasons revealed substantial variability among the eighteen rapeseed–mustard genotypes evaluated under artificial inoculation (Table 1). Based on pooled PDI values, none of the genotypes showed Resistant (0) or Moderately Resistant (1) reaction, indicating absence of strong genetic resistance in the evaluated set.
A total of twelve genotypes displayed PDI values between 21-40%, placing them in the Moderately Susceptible (MS) category. These entries exhibited consistently lower lesion expansion and reduced disease progression, as reflected in their lower AUDPC values (e.g., DRMRIS 20-5 = 349.3; DRMRDR 2156 = 330.4). Five genotypes-DRMRDR 2237, DRMRIS 20-4, DRMRMJA 35, NRCHB 101, and Rohini recorded 41-60% PDI, classifying them as Susceptible (S). These genotypes developed longer lesions and higher AUDPC values (>550), indicating rapid and aggressive disease development. Only one genotype, NPC 16, exceeded 60% PDI, and was classified as Highly Susceptible (HS). It also recorded among the highest AUDPC values (799.4), confirming its role as a suitable susceptible check.
The apparent infection rate (r-value) among the eighteen genotypes ranged from 0.02 to 0.18, reflecting differential rates of disease progression across entries as shown in Table 2. Moderately susceptible genotypes such as DRMRDR 2239 (r = 0.09), BioYSR (r = 0.10), and DRMRIS 20-1 (r = 0.11) exhibited lower r-values, indicating slower disease development and lesion expansion. In contrast, susceptible genotypes like DRMRDR 2237 (r = 0.18), DRMRMJA 35 (r = 0.16), and NRCHB 101 (r = 0.15) displayed relatively higher r-values, suggesting faster epidemic progression. Notably, DRMRIS 20-4 recorded the lowest r-value (r = 0.02) despite being classified as susceptible based on PDI, while NPC 16 (r = 0.06) showed moderate infection rate despite being highly susceptible, highlighting the complex interplay between initial infection severity and temporal disease dynamics. The pooled mean PDI across two consecutive seasons (2022–23 and 2023–24) revealed considerable variation in disease response among the evaluated genotypes. Most entries exhibited moderately susceptible (MS) reactions, with pooled mean PDI values ranging from 25.7 to 60.2 and corresponding mean AUDPC values between 330.4 and 824.6 as presented in Table 2 fig 1.

4. DISCUSSION
The pooled results from two seasons demonstrated substantial variability among the rapeseed–mustard genotypes in their response to Sclerotinia sclerotiorum, confirming earlier observations that Brassica germplasm harbors a wide but continuous spectrum of susceptibility rather than discrete resistance classes. No genotype in the present study exhibited Resistant (R) or Moderately Resistant (MR) reactions, consistent with previous findings in Brassica screening experiments in India and abroad (Choudhary et al., 2021). This reinforces the well-established concept that complete resistance to Sclerotinia stem rot is absent or extremely rare in Brassica species (Purdy, 1979; Bolton et al., 2006).
The predominance of Moderately Susceptible (MS) genotypes (12 entries) indicates the presence of quantitative, partial resistance, a trait increasingly recognized as the primary mechanism of defense against S. sclerotiorum in many crops. Quantitative resistance is typically governed by multiple minor-effect loci influencing factors such as lesion expansion rate, stem structural properties, lignification, reactive oxygen responses, and phytoalexin accumulation traits that slow the pathogen’s necrotrophic colonization rather than preventing infection altogether (Bolton et al., 2006; Derbyshire & Denton-Giles, 2016). The relatively lower pooled PDI (̴ 25-35%) and reduced AUDPC values of genotypes such as DRMRIS 20-5, DRMRDR 2156, DRMRDR 2119 and DRMRIS 20-1 suggest that these lines express such partial resistance by limiting lesion progression after initial infection. 
[image: ]
Fig. 1. Reaction of rapeseed-mustard genotypes to Sclerotinia sclerotiorum under artificial inoculation based on pooled Percent Disease Index (PDI) and AUDPC values during Rabi 2022-23 and 2023-24.
The five Susceptible (S) genotypes including DRMRDR 2237, DRMRIS 20-4, DRMRMJA 35, NRCHB 101, and Rohini exhibited higher PDI ( ̴ 44-55%) and markedly elevated AUDPC values (>550), indicating faster and more aggressive disease development. Similar patterns have been reported in chickpea screening under artificial inoculation, where susceptible entries develop rapid lesion elongation and high AUDPC values even under uniform inoculation pressure (Sheshma et al., 2025). The extreme susceptibility of NPC 16, the only genotype crossing the >60% PDI threshold, and its very high AUDPC (~799), confirms its reliability as a susceptible check, comparable to the role of highly susceptible checks used in mustard and Brassica pathology screening (Choudhary et al., 2021; Sharma et al., 2025).
The modest correlation coefficients (r = 0.02-0.18) observed between seasons reflect the well-documented influence of environmental factors temperature, canopy humidity, stem moisture status, and petal fall dynamics on Sclerotinia disease development. Even under artificial inoculation, microenvironmental variation can alter disease severity expression. This pattern aligns with previous multi-season Brassica studies reporting year-to-year variability despite consistent inoculum load (Sharma et al., 2025). Collectively, the results point to a scenario where no immune or near-immune sources are available, but several entries possess stable, moderate levels of tolerance, which is currently the most practical breeding target. Previous research supports this conclusion: both field and artificial screening studies emphasize the importance of identifying lines with moderate PDI and reduced disease progress, as such partial resistance is additive, stable, and transferable into elite breeding material (Choudhary et al., 2021; Sheshma et al., 2025; Sharma et al., 2025). The apparent infection rate (r-value) provided additional insights into the temporal dynamics of disease progression, with values ranging from 0.02 to 0.18 across genotypes. Lower r-values in moderately susceptible entries such as DRMRDR 2239 (r = 0.09) and BioYSR (r = 0.10) suggest slower lesion expansion, potentially reflecting enhanced structural barriers, delayed necrotrophic colonization, or localized defense responses that restrict pathogen advancement. Conversely, higher r-values in susceptible genotypes like DRMRDR 2237 (r = 0.18) and DRMRMJA 35 (r = 0.16) indicate rapid disease progression consistent with aggressive necrotrophic invasion. The dissociation between r-value and final PDI in certain entries (e.g., DRMRIS 20-4 with r = 0.02 but PDI = 46.5%) underscores the importance of considering both rate and magnitude of disease development, as slower initial progression may not always translate to reduced final severity under high inoculum pressure or favorable environmental conditions.
Furthermore, the relationship between PDI and AUDPC observed in this study was consistent and biologically meaningful genotypes with lower PDI almost always exhibited lower AUDPC, confirming that lesion progression dynamics are reliable indicators of partial resistance. This is in agreement with high-quality pathometry research in S. sclerotiorum, which validates AUDPC as a robust epidemiological measure of resistance and disease suppression (Peltier et al., 2012).
5. CONCLUSION
The present study demonstrated substantial variability in the response of eighteen rapeseed-mustard genotypes to Sclerotinia sclerotiorum under artificial inoculation over two consecutive seasons. Although no genotype exhibited resistant or moderately resistant reactions, several entries particularly DRMRIS 20-5 (pooled PDI: 25.7%, AUDPC: 349.3, r-value: 0.13), DRMRDR 2156 (pooled PDI: 26.2%, AUDPC: 330.4, r-value: 0.16), DRMRDR 2119 (pooled PDI: 29.2%, AUDPC: 375.2, r-value: 0.12), and DRMRIS 20-1 (pooled PDI: 33.5%, AUDPC: 489.3, r-value: 0.11) displayed comparatively lower PDI and AUDPC values, indicating meaningful levels of partial resistance with slower disease progression. In contrast, genotypes such as DRMRDR 2237 (pooled PDI: 44.2%, AUDPC: 565.6, r-value: 0.18), DRMRIS 20-4 (pooled PDI: 46.5%, AUDPC: 636.3, r-value: 0.02), DRMRMJA 35 (pooled PDI: 49.3%, AUDPC: 678.3, r-value: 0.16), NRCHB 101 (pooled PDI: 55.1%, AUDPC: 801.5, r-value: 0.15), and Rohini (pooled PDI: 55.2%, AUDPC: 824.6, r-value: 0.14) consistently showed high susceptibility with elevated disease parameters, while NPC 16 (pooled PDI: 60.2%, AUDPC: 799.4, r-value: 0.06) was confirmed as a highly susceptible check. The absence of complete resistance reinforces existing literature that Sclerotinia resistance in Brassica species is predominantly quantitative and governed by multiple minor-effect loci. The apparent infection rate (r-value) ranged from 0.02 to 0.18 across genotypes, reflecting differential rates of epidemic development and highlighting the complex temporal dynamics of disease progression under varying environmental conditions. The identification of stable, moderately susceptible genotypes with reduced disease progress (pooled PDI 25-35%, AUDPC 330-490, and r-values 0.09-0.16) provides a valuable foundation for resistance improvement. These genotypes should be prioritized in breeding programs aimed at pyramiding quantitative resistance and enhancing tolerance to Sclerotinia stem rot. Continued multi-location and multi-season evaluations, along with integration of molecular mapping and epidemiological modeling, will further support durable resistance development and sustainable disease management in rapeseed-mustard production systems.
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