


Pathogenic Variability and Epidemiological Analysis of Phomapolyanthis in Tuberose


ABSTRACT
Tuberose (Polianthes tuberosa L.) is an economically important ornamental crop widely cultivated in India for cut flowers, loose flowers, and essential oil production. In West Bengal, continuous cultivation under warm and humid conditions has favored the emergence of tip blight caused by Phoma polyanthis, a destructive foliar disease that reduces photosynthetic area, affects spike quality, and leads to significant yield loss. The present investigation was undertaken to study the epidemiology, pathogenic variability, and virulence diversity of P. polyanthis isolates collected from major tuberose-growing districts of West Bengal.
Nine pathogen isolates were obtained from tip blight–infected leaves collected from different locations and purified under laboratory conditions. Pathogenicity and virulence were evaluated on the susceptible tuberose cultivar GKTC–4 through artificial inoculation. Disease development was monitored by recording mean diseased lesion length (MDLL) at 24-hour intervals up to 120 hours after inoculation. Disease progression dynamics were further analyzed by calculating lesion length increment (LDLI) between successive observations. Field data on percent disease index (PDI) associated with different cultivars and locations were also recorded to understand disease distribution.
Significant variability in pathogenic behavior was observed among the isolates. At 120 hours after inoculation, lesion length ranged from 10.5 cm to 29.5 cm, indicating wide differences in aggressiveness. Based on lesion development, the Bankura and Nadia isolates were categorized as highly virulent; isolates from Howrah, South 24 Parganas, Burdwan, Purba Medinipur, and Hooghly were moderately virulent; while Birbhum and Coochbehar isolates were less virulent. Disease progression analysis revealed isolate-specific temporal patterns, with peak lesion expansion occurring at different growth intervals, suggesting differences in infection efficiency and colonization rate. Field observations showed considerable variation in disease incidence among cultivars, with the highest PDI recorded in GKTC–4 (78.31%) and comparatively lower incidence in Prajjal (20.00–23.11%), indicating differential host response under natural conditions.
The study demonstrated substantial pathogenic and virulence variability among P. polyanthis populations across West Bengal. Understanding such variability is essential for accurate disease risk assessment, screening of resistant germplasm, and development of location-specific integrated disease management strategies. The findings provide baseline epidemiological information that will support future research on pathogen diversity, host–pathogen interactions, and sustainable management of tuberose tip blight.
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INTRODUCTION
Tuberose (Polianthes tuberosa L.), recently reclassified as Agave amica, is an economically important ornamental bulbous crop widely cultivated for cut flowers, loose flowers, garlands, and extraction of high-value essential oil used in the perfume industry. India is one of the leading producers of tuberose, with major cultivation concentrated in states such as West Bengal, Karnataka, Tamil Nadu, Andhra Pradesh, and Maharashtra. Among these, West Bengal occupies a prominent position due to favorable agro-climatic conditions and a well-established floriculture market. The crop plays a significant role in generating rural employment and supporting the commercial floriculture sector (ICAR–Directorate of Floricultural Research, 2022).
Despite its economic importance, intensive and continuous cultivation of tuberose under humid and warm conditions has led to the emergence and rapid spread of several diseases that adversely affect flower quality and yield. Among these, tip blight caused by Phoma polyanthis (syn. Phoma spp.) has emerged as an important foliar disease in major growing regions. The disease is characterized by necrosis starting from the leaf tip and progressing downward, leading to reduction in effective photosynthetic area, premature leaf senescence, poor spike development, and significant yield loss (Rao et al., 2021; Singh and Kumar, 2020).
Members of the genus Phoma are known for their wide host range, environmental adaptability, and high variability in morphological, physiological, and pathogenic traits. Pathogenic variability among isolates is a critical factor influencing disease severity, host response, and effectiveness of management strategies. Variability in virulence has been reported in several Phoma species infecting different crops, indicating the existence of diverse pathogenic populations within a geographical region (Aveskamp et al., 2010; Chen et al., 2015). Understanding such variability is essential for the development of resistant cultivars, formulation of region-specific disease management practices, and prediction of disease outbreaks.
Epidemiological factors such as temperature, relative humidity, rainfall, and crop growth stage play a crucial role in disease development and progression. In eastern India, particularly in West Bengal, prolonged periods of high humidity and moderate temperature during the monsoon and post-monsoon seasons create highly favorable conditions for foliar pathogens, including Phoma spp. However, systematic information on the epidemiology, virulence diversity, and temporal disease progression of P. polyanthis under these agro-climatic conditions is limited.
Moreover, the success of integrated disease management depends largely on understanding isolate-specific aggressiveness and host–pathogen interactions. Quantitative assessment of lesion development and disease progression provides valuable insights into pathogen aggressiveness and helps classify isolates into virulence groups. Such information is particularly important for screening germplasm, standardizing inoculation techniques, and developing forecasting models.
Although the occurrence of tip blight in tuberose has been reported from different parts of India, comprehensive studies addressing pathogenic variability and epidemiological behavior of P. polyanthis isolates from West Bengal are scarce. Therefore, the present investigation was undertaken to study the epidemiology, pathogenic variability, and virulence diversity of P. polyanthis isolates collected from different tuberose-growing districts of West Bengal, with the aim of generating baseline information for developing effective and location-specific disease management strategies.
MATERIALS AND METHODS
2.1 Sample Collection and Isolation
Tuberose leaves showing tip blight symptoms were collected from nine districts of West Bengal during September–October 2023. Diseased tissues were surface sterilized and plated on Potato Dextrose Agar (PDA). Pure cultures were obtained via hyphal tip isolation.
2.2 Pathogenicity and Virulence Assessment
Pathogenicity tests were conducted on GKTC-4 cultivar under controlled conditions. Leaves were inoculated with spore suspensions of the nine isolates, and lesion length was recorded at 24-hour intervals up to 120 hours.
2.3 Disease Progression and Lesion Growth Rate
Increment in mean diseased lesion length (LDLI) was calculated to assess isolate-specific disease progression dynamics.
3. RESULTS & DISCUSSION
In this study, nine Phoma polyanthis isolates collected from tip blight–affected tuberose plants across nine districts of West Bengal exhibited marked variation in disease incidence, pathogenicity, and virulence dynamics. Field observations demonstrated significant differences in percent disease index (PDI) among locations and cultivars (Table 1). The susceptible cultivar GKTC–4 from Nadia recorded the highest PDI (78.31%), while Prajjal from Purba Medinipur and Hooghly demonstrated the lowest PDI (20.00–23.11%). Moderate disease incidence was seen in cultivars such as Subhasini (Birbhum 59.01%, Coochbehar 64.05%), Calcutta Single (Burdwan 47.91%), and Sringer (Bankura 38.89%, 24 Parganas (S) 39.24%). These results highlight differential host susceptibility and potential environmental influences on disease development, consistent with earlier reports on differential cultivar response under variable agro-climatic conditions (Chowdhury et al., 2021; Singh and Choudhary, 2020).
Table 1: Name of tuberose tip blight pathogen isolates as well as name of places, districts and tuberose cultivars from where tip blight diseased sample of particular PDI were collected.
	Sl. No.
	Name of the isolates
	Places and districts of tip blight diseased samples collection
	Name of the tuberose cultivars
	PDI of tip blight affected plants

	1.
	Birbhum
	Viswa Bharati University Campus, Birbhum
	Subhasini
	59.01  (49.68)*

	2.
	Hooghly
	Dhaniakhali, Hooghly
	Prajjal
	23.11  (29.10)

	3.
	Burdwan
	BCKV Burdwan Campus, Burdwan
	Calcutta Single
	47.91  (43.67)

	4.
	PurbaMedinipur
	Radhamohanpur, PurbaMedinipur
	Prajjal
	20.00  (26.55)

	5.
	Coochbehar
	UBKV, Pundibari, Coochbehar
	Subhasini
	64.05  (53.23)

	6.
	Howrah
	Dhulagar, Howrah
	Prajjal
	22.79  (28.59)

	7.
	Bankura
	Chhatna, Bankura
	Sringer
	38.89  (37.85)

	8.
	24 Parganas (S)
	Diamond Harbour, 24 Parganas (S)
	Sringer
	39.24  (38.86)

	9.
	Nadia
	BCKV Horticultural Research Farm, Mondouri, Nadia
	GKTC -4
	78.31  (61.99)

	
	
	
	
	

	
	SEm ±
	
	
	0.14

	
	CD 0.05
	
	
	0.43


     *Figure within parenthesis indicates arc-sine transformed value; PDI = Percent disease index
3.1. Pathogenicity and Virulence Variability
All isolates were capable of producing characteristic tip blight symptoms on GKTC–4, confirming pathogenicity. However, substantial variability in lesion development and virulence was observed. Mean diseased lesion length (MDLL) recorded at 24-hour intervals up to 120 hours showed distinct differences among isolates (Table 2). At 24 hours post inoculation, isolates from Hooghly, Burdwan, Bankura, South 24 Parganas, and Nadia initiated lesion formation, whereas isolates from Birbhum, Purba Medinipur, Coochbehar, and Howrah exhibited delayed onset. By 72 hours, all isolates produced lesions, with Bankura (14.5 cm) and Burdwan (12.5 cm) showing more extensive lesion development, while Birbhum produced the smallest lesion (5.0 cm). This trend continued, and at 120 hours the Bankura isolate produced the highest MDLL (29.5 cm), followed by Nadia (24.5 cm) and Howrah (20.5 cm), indicating variations in virulence (Table 2). Similar isolate-specific pathogenic variability has been documented in Phoma and related genera infecting diverse hosts (Aveskamp et al., 2010; Chen et al., 2015).
Based on MDLL, isolates were classified into three virulence groups: highly virulent (Bankura, Nadia), moderately virulent (Howrah, 24 Parganas (S), Burdwan, Purba Medinipur, Hooghly), and less virulent (Birbhum, Coochbehar). Grouping isolates by virulence has also been reported for other soilborne pathogens, including Phoma terrestris and Rhizoctonia solani, where aggressiveness directly affected disease progression and yield loss (Lević et al., 2012; Sneh et al., 1991).
Table 2: Mean diseased lesion length (in cm) caused by Phoma polyanthis isolates at 24 hours interval on GKTC – 4 cultivar under laboratory condition.
	Sl. No.
	Name of the isolates
	MDLL at 24 hours
	MDLL at 48 hours
	MDLL at 72 hours
	MDLL at 96 hours
	MDLL at 120 hours

	1.
	Birbhum
	0.25*
	0.25*
	5
	7.5
	10.5

	2.
	Hooghly
	4.5
	7.5
	9.5
	11.5
	15.5

	3.
	Burdwan
	5
	7.5
	12.5
	14
	16.5

	4.
	PurbaMedinipur
	0.25*
	4.5
	7.5
	10.5
	16

	5.
	Coochbehar
	0.25*
	2.5
	5.5
	8.5
	11.5

	6.
	Howrah
	0.25*
	3.5
	6.5
	14.5
	20.5

	7.
	Bankura
	4
	7.5
	14.5
	20.5
	29.5

	8.
	24 Parganas (S)
	4.5
	6.5
	10.5
	12.5
	18.5

	9.
	Nadia
	5
	5.5
	10.5
	17.5
	24.5

	
	
	
	
	
	
	

	
	SEm ±
	0.22
	0.15
	0.19
	0.17
	0.06

	
	CD 0.05
	0.65
	0.45
	0.56
	0.50
	0.17


* The 0.00 values of above table have been replaced with 0.25 for statistical analysis; 
   MDLL = Mean diseased lesion length
Mean diseased lesion length (MDLL) on GKTC–4 leaves inoculated with nine Phoma polyanthis isolates was recorded at 24-hour intervals up to 120 hours (Table 2). At 24 hours, four isolates (Birbhum, Purba Medinipur, Coochbehar, Howrah) showed no lesion development, while the remaining five showed slight lesions. By 48 hours, Birbhum remained inactive, whereas the highest lesion length (7.5 cm) was observed in Hooghly, Burdwan, and Bankura isolates; the lowest (2.5 cm) in Coochbehar. At 72 hours, Bankura (14.5 cm) and Burdwan (12.5 cm) had the highest MDLL, Birbhum the lowest (5.0 cm). At 96 hours, Bankura (20.5 cm) and Nadia (17.5 cm) were highest; Birbhum lowest (7.5 cm). At 120 hours, maximum MDLL was recorded for Bankura (29.5 cm) and Nadia (24.5 cm), moderate for Howrah (20.5 cm), 24 Parganas (S) (18.5 cm), Burdwan (16.5 cm), Purba Medinipur (16.0 cm), Hooghly (15.5 cm), and lowest for Birbhum (10.5 cm) and Coochbehar (11.5 cm). Based on these results, Bankura and Nadia isolates were classified as virulent, Howrah, 24 Parganas (S), Burdwan, Purba Medinipur, and Hooghly as moderately virulent, and Birbhum and Coochbehar as less virulent.
3.2. Disease Progression Dynamics
Lesion growth dynamics measured as lesion length increment (LDLI) showed isolate-specific temporal patterns (Table 3). Between 24–48 hours, Purba Medinipur exhibited the highest LDLI (4.25 cm/24 h), while Nadia showed a lower increment (0.50 cm/24 h). Between 48–72 hours, Bankura had the highest LDLI (7.0 cm/24 h), suggesting rapid early infection, whereas Hooghly had the lowest (2.0 cm/24 h). During 72–96 hours, Howrah and Nadia displayed peak lesion expansions (8.0 and 7.0 cm/24 h, respectively). In the final interval (96–120 hours), Bankura continued to show the highest lesion growth (9.0 cm/24 h), indicating sustained aggressive colonization. Such temporal variation in lesion progression underscores isolate differences in infection efficiency and may reflect variability in enzymatic secretion or host tissue degradation capacity (Agrios, 2005; Hyde et al., 2014).
 Table 3: Diseased lesion length increment (in cm/ 24 hours) caused by Phoma polyanthis isolates on GKTC – 4 cultivar in between two observations under laboratory condition.
	Sl. No.
	Name of the isolates
	LDLI between 24 - 48 hours
	LDLI between  48 – 72 hours
	LDLI between   72 - 96 hours
	LDLI between  96 - 120 hours

	1.
	Birbhum
	0.25*
	4.75
	2.50
	3.00

	2.
	Hooghly
	3.00
	2.00
	2.00
	4.00

	3.
	Burdwan
	2.50
	5.00
	1.50
	2.50

	4.
	PurbaMedinipur
	4.25
	3.00
	3.00
	5.50

	5.
	Coochbehar
	2.25
	3.00
	3.00
	3.00

	6.
	Howrah
	3.25
	3.00
	8.00
	6.00

	7.
	Bankura
	3.50
	7.00
	6.00
	9.00

	8.
	24 Parganas (S)
	2.00
	4.00
	2.00
	6.00

	9.
	Nadia
	0.50
	5.00
	7.00
	7.00

	
	
	
	
	
	

	
	SEm ±
	0.12
	0.31
	0.35
	0.23

	
	CD 0.05
	0.35
	0.92
	1.04
	0.69


*The 0.00 values of above table have been replaced with 0.25 for statistical analysis.
    LDLI = Length of diseased lesion increment
3.3. Host–Pathogen Interaction and Epidemiological Implications
Differential disease severity observed among cultivars highlights the significance of host resistance in disease management. The high susceptibility of GKTC–4 corroborates findings by earlier researchers that cultivar susceptibility significantly influences Phoma disease outcome (Sharma et al., 2019). Variability in isolate aggressiveness also suggests the presence of diverse pathogenic populations within the region, a factor that complicates effective disease control and necessitates integration of host resistance, cultural practices, and chemical measures (Agrios, 2005).
Environmental factors such as humidity and temperature play crucial roles in disease epidemiology. Warm, humid conditions prevalent during the post-monsoon period in West Bengal likely favored disease development and contributed to high PDI in certain districts, aligning with existing epidemiological models for foliar pathogens (Garrett et al., 2006; Jeger et al., 2009). The interaction of such environmental variables with pathogen virulence underscores the need for region-specific forecasting and management strategies.
 CONCLUSION
The present findings demonstrate significant pathogenic variability and virulence diversity among P. polyanthis isolates in West Bengal. High variability in lesion development, temporal disease progression, and differential cultivar response indicate that both pathogen population structure and host susceptibility shape disease outcomes. These results provide essential baseline information for future research on resistance screening, integrated disease management, and predictive epidemiology in tuberose tip blight.
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