


Spatial distribution and seasonal variability of seed-borne fungal pathogens of Soybean in Telangana in relation to seed health parameters



                                                                      Abstract
Aims: Seed-borne fungi are important constraints to soybean production as they adversely affect seed quality, germination and field establishment, and also serve as primary inoculum for several diseases. 
Methodology: A two-year seed health survey was conducted during Kharif 2023 and Kharif 2024 in major soybean-growing mandals of five districts of Telangana, namely Adilabad, Nizamabad, Nirmal, Kamareddy and Sangareddy. Farmers’ seed samples were collected at harvest and evaluated by the Standard Blotter Method and the Agar Plate Method for the detection of major seed-borne fungi, viz., Colletotrichum truncatum, Macrophomina phaseolina, Alternaria spp., Fusarium spp. and Aspergillus spp. 
Results: Marked variation in seed infection was observed among mandals, districts, seasons and detection methods. Across both years, Aspergillus spp. and M. phaseolina were dominant, with higher recovery on the Agar Plate Method, indicating their strong saprophytic and storage-associated nature. The Standard Blotter Method was more efficient in detecting field-borne fungi such as C. truncatum and Alternaria spp., particularly in anthracnose hotspot mandals like Rajampet, Jainath, Bodhan and Sadasivanagar. District-wise analysis consistently identified Nizamabad and Adilabad as the most heavily contaminated, whereas Nirmal and Sangareddy generally exhibited moderate to lower infection. Year-wise comparison showed a reduction in C. truncatum severity in Kharif 2024 as compared to Kharif 2023, probably due to drier pre-harvest weather, while M. phaseolina and Aspergillus spp. continued to dominate the seed mycoflora. Analysis of variance revealed highly significant effects of pathogen, location and their interaction, indicating that both agro-climatic factors and pathogen biology determine infection patterns. 
Conclusion: The results confirm the complementary value of the Standard Blotter Method and the Agar Plate Method for seed health diagnosis and highlight the need for region-specific seed management strategies, emphasizing field sanitation, timely harvest, proper drying and improved storage, to reduce seed-borne inoculum in soybean-growing areas of Telangana.
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1. INTRODUCTION
Soybean (Glycine max (L.) Merr.) is an important oilseed and protein crop in India and has expanded considerably in central and southern states, including Telangana. Under rainfed conditions, soybean is predominantly grown during the rainy season, and its productivity is strongly influenced by seed quality and health. Seed-borne fungal pathogens are recognized as major constraints because they reduce seed germination and seedling vigour, cause pre- and post-emergence mortality and act as primary inoculum for field epidemics (Alemu, 2014; Nicholson and Sinclair, 1973; Gujjar et al., 2025). Several studies have reported that soybean seeds commonly harbour fungi such as Colletotrichum truncatum (anthracnose), Macrophomina phaseolina (charcoal rot), Alternaria spp., Fusarium spp. and storage moulds like Aspergillus spp., which together impair seed and crop performance (Ellis et al., 1974; Rao et al., 2015; Soesanto et al., 2020).
Among these, M. phaseolina is considered a globally important soil- and seed-borne pathogen, causing charcoal rot and root/stem rots in soybean and many other crops, especially under high temperatures and low soil moisture (Athow, 1987; Gupta and Chauhan, 2005). Storage fungi such as Aspergillus spp. are of particular concern in tropical environments because they reduce seed viability and may be associated with mycotoxin contamination when seeds are stored under warm and humid conditions (Shovan et al., 2008; Olszak-Przybyś and Korbecka-Glinka, 2024). Seed health testing is therefore an essential component of seed quality control and disease management programmes.
Several workers have used incubation-based methods to detect seed-borne fungi in soybean, with the Standard Blotter Method and Agar Plate Method being the most widely applied approaches for legumes and oilseeds. The Standard Blotter Method, a moist incubation technique, is suitable for detecting field-borne fungi that sporulate well under humid, nutrient-free conditions, whereas the Agar Plate Method on potato dextrose agar favours rapid mycelial growth of saprophytic and storage fungi (Rao et al., 2015; Soesanto et al., 2020; Sewedy et al., 2019). In India, investigations on seed-borne mycoflora of soybean have demonstrated that M. phaseolina, C. truncatum, Fusarium spp. and Aspergillus spp. are common contaminants in farmers’ saved seed (Rao et al., 2015; Shovan et al., 2008; Singh et al., 1973).
However, updated information for Telangana, particularly under recent climatic variability and across multiple seasons, is limited. The present study was therefore undertaken to assess the seed health status of soybean seed lots collected from farmers’ fields in major soybean-growing mandals of Telangana during Kharif 2023 and Kharif 2024, compare the efficiency of the Standard Blotter Method and the Agar Plate Method in detecting major seed-borne fungi, and analyse mandal- and district-wise patterns in pathogen severity and frequency to derive implications for seed health management in soybean.
2. MATERIALS AND METHODS
2.1. Seed collection
Seed samples were collected from farmers’ fields across major soybean-growing districts of Telangana during the Kharif seasons of 2023 and 2024. The number of seed samples collected from each district is shown in Table 1. Each seed sample was placed in a paper bag, labelled with the district name, farmer code, date of collection and location coordinates, and transported to the laboratory. Samples were stored at room temperature and processed within 48 h of collection.
Details of seed samples collected from major soybean growing areas of Telangana during Kharif 2023 and 2024
	District
	Kharif 2023 (No. samples)
	Kharif 2024 (No. samples)

	Adilabad
	85
	80

	Nizamabad
	55
	60

	Nirmal
	50
	45

	Kamareddy
	45
	40

	Sangareddy
	30
	50

	Total
	265
	275


2.1.1.   Standard blotter method
The standard blotter method was used to detect seed-borne fungi as described by the International Seed Testing Association (ISTA) with slight modifications. Three sterilized blotter paper discs (9 cm diameter) were placed in sterile Petri plates and moistened with sterile distilled water. Excess water was drained from each plate to maintain optimum moisture. Ten soybean seeds were placed at equal distances on each plate, with nine seeds arranged along the periphery and one at the centre. The plates were incubated at 25±2°C for seven days under alternating cycles of 12 hours light and 12 hours darkness in a BOD incubator. After incubation, the seeds were examined under a stereo binocular microscope on the seventh day. The number and types of fungal colonies emerging from the seeds were recorded, and results were expressed as percentages. Four replications were maintained for each seed sample.
2.1.2.   Agar Plate Method
The agar plating method was employed for isolation and identification of seed-borne fungi associated with soybean seeds. Seeds were surface sterilized in a 1% aqueous solution of sodium hypochlorite (NaOCl) for four minutes, followed by three rinses in sterile distilled water to remove traces of the sterilant. The sterilized seeds were then air-dried between two layers of sterile blotting paper. Ten surface-sterilized seeds were placed equidistantly in each Petri plate containing potato dextrose agar (PDA) medium. The plates were incubated at 25±2°C for seven days under ambient laboratory light conditions. After incubation, the fungal colonies emerging from the seeds were examined and identified based on their morphological characteristics and sporulation features using standard identification keys.
2.1.3.   Identification of fungal isolates
Fungal isolates were identified to genus/species level using standard morphological characters: colony colour and texture on PDA, growth rate, conidial size and shape, presence/absence of appressoria, acervuli, setae and other diagnostic structures observed under a compound microscope. Identification keys and published descriptions for Colletotrichum spp. and other common seed-borne fungi were consulted. 
2.2.  Data recording and calculations
For each seed sample the following were recorded:
· Number of seeds on which a particular fungus occurred (for incidence calculations).
· Number of seed samples (out of the total) in which a particular fungus was recorded (for frequency calculations).
2.2.1.   Frequency and incidence calculations
Determination of Frequency and Incidence
The frequency and incidence of fungal species in seed samples were calculated following the method described by Levic et al. (2012). Frequency (F) was determined as the percentage of seed samples in which a particular fungal species occurred, while incidence (I) represented the percentage of individual seeds infected by a particular species. The following formulae were used:
Frequency (F) and incidence (I) of species in seed samples were calculated following Levic et al. (2012):


Data recording and statistical analysis For each fungus, per cent seed infection (severity) was calculated as the proportion of infected seeds out of the total seeds examined in each mandal for each method. District-level frequency of each pathogen was determined by pooling mandal-wise data within a district.
The experiments were treated as factorial completely randomized designs with pathogen as Factor A and mandal or district as Factor B for each method and year. Data were subjected to analysis of variance (ANOVA), and critical difference (CD) at 5% along with standard error of difference (SEd) and standard error of mean (SEm) were computed to test significance of main effects and interactions.
3. RESULTS AND DISCUSSION
3.1 Seed health status during Kharif 2023
Seed health testing of soybean samples collected during Kharif 2023 revealed considerable variation in the incidence of major seed-borne fungi across mandals (Table 1). Using the Standard Blotter Method, C. truncatum infection ranged from very low levels in Kohir and Mudhole (0.33–0.83%) to high levels in Rajampet (10.00%), Jainath (9.17%) and Bodhan (8.33%), indicating localized anthracnose hotspots. M. phaseolina showed a broad distribution with maximum severity in Armur (15.83%), followed by Tamsi (12.50%), Mortad (10.83%) and Bela (9.17%). Alternaria spp. occurred at moderate levels in Bela, Jainath, Bodhan and Mortad, whereas Fusarium spp. showed relatively lower but consistent presence across mandals, peaking at Mortad (6.67%) and Bodhan (5.00%). Aspergillus spp. were the most prevalent on the Standard Blotter Method, recording up to 16.67% in Armur and high values in Tamsi (13.33%), Mudhole (12.50%) and Bela (11.67%). Overall, the mean pathogen severity followed the order: Aspergillus spp. > M. phaseolina > C. truncatum > Alternaria spp. > Fusarium spp., confirming the dominance of storage fungi and charcoal rot pathogen in farmers’ seed lots, similar to the observations of Rao et al. (2015), Shovan et al. (2008) and Olszak-Przybyś and Korbecka-Glinka (2024).
The Agar Plate Method supported rapid growth of saprophytic and storage fungi (Table 1). Under this method, M. phaseolina incidence was consistently higher than that recorded by the Standard Blotter Method, with maximum values in Kohir (18.33%), Mortad (17.50%), Bodhan (15.83%) and Rajampet (15.00%). Aspergillus spp. again dominated, reaching up to 19.17% in Jainath and high levels in Bela, Mortad and Sadasivanagar. Fusarium spp. were detected in all mandals, ranging up to 9.17% in Jainath. In contrast, C. truncatum and Alternaria spp. were generally lower on the Agar Plate Method than on the Standard Blotter Method. These patterns support earlier reports that nutrient-rich agar is more favourable for fast-growing saprophytes and storage moulds, whereas moist, nutrient-free blotter incubation better reveals on-seed sporulation of slow-growing field fungi such as C. truncatum and Alternaria spp. (Mathur and Kongsdal, 2003; Sewedy et al., 2019; Venugopal, 2014).
Table 1. Per cent severity of seed-borne pathogens as detected by standard blotter and agar plate methods from seeds collected from farmers’ fields in major soybean-growing areas of Telangana during Kharif 2023   
	
	Standard Blotter Method
	Agar Plate Method

	Mandal
	CT
	MP
	ALS
	FS
	ASS
	CT
	MP
	ALS
	FS
	ASS

	Bela
	3.33
	9.17
	5.00
	4.17
	11.67
	5.00
	11.67
	7.50
	7.50
	17.50

	Jainath
	9.17
	6.67
	6.67
	5.83
	9.17
	6.67
	12.50
	9.17
	9.17
	19.17

	Tamsi
	3.33
	12.50
	2.50
	1.67
	13.33
	3.25
	14.17
	5.00
	6.67
	14.17

	Armur
	4.17
	15.83
	3.33
	2.50
	16.67
	2.50
	15.00
	0.83
	1.67
	11.67

	Bodhan
	8.33
	5.83
	5.83
	5.00
	10.00
	2.10
	15.83
	5.00
	8.33
	15.83

	Mortad
	2.00
	10.83
	7.50
	6.67
	10.83
	3.33
	17.50
	4.17
	6.67
	18.33

	Basaraa
	2.50
	0.00
	4.17
	3.33
	7.50
	0.00
	10.83
	1.67
	3.33
	13.33

	Bhainsa
	2.50
	4.17
	2.50
	1.67
	6.67
	1.67
	9.17
	3.33
	4.17
	15.00

	Mudhole
	0.83
	3.33
	1.67
	0.83
	12.50
	2.50
	13.33
	2.50
	5.00
	16.67

	Gandhari
	0.83
	0.00
	0.83
	0.00
	4.17
	0.83
	13.33
	1.67
	2.50
	12.50

	Sadasivanagar
	8.33
	5.83
	4.17
	3.33
	5.83
	3.33
	13.33
	4.17
	5.83
	17.50

	Rajampet
	10.00
	0.00
	0.00
	0.83
	2.50
	3.33
	15.00
	2.50
	4.17
	16.67

	Kohir
	0.33
	0.00
	5.83
	1.67
	3.33
	4.17
	18.33
	3.33
	5.83
	16.67

	Zahirabad
	0.83
	5.00
	0.83
	0.00
	14.17
	2.50
	14.17
	1.67
	2.50
	10.00

	Mogdampalli
	2.50
	7.50
	1.67
	0.83
	7.50
	2.50
	11.67
	3.33
	3.33
	17.50

	Factors
	CD 5%
	SEd
	SEm
	
	Factors
	CD 5%
	SEd
	SEm
	

	Pathogen(A)
	0.27
	0.14
	0.1
	
	Pathogen (A)
	0.38
	0.19
	0.14
	

	Mandal(B)
	0.27
	0.14
	0.1
	
	Mandal (B)
	0.38
	0.19
	0.14
	

	Interaction (AXB)
	0.27
	0.14
	0.1
	
	Interaction (AXB)
	0.38
	0.19
	0.14
	


(CT-Colletotrichum truncatum, MP-Macrophomina phaseolina, ALS-Alternaria spp., FS-Fusarium spp, ASS-Aspergillus spp.).
3.2. District-wise frequency patterns during Kharif 2023
When mandal data were pooled at district level, distinct frequency patterns emerged (Table 2). Under the Standard Blotter Method, Aspergillus spp. frequency ranged from 9.26% in Kamareddy to 27.78% in Nizamabad and 25.31% in Adilabad, followed by M. phaseolina (24.07% in Nizamabad and 20.99% in Adilabad). C. truncatum frequency was highest in Kamareddy (14.20%), while Alternaria spp. and Fusarium spp. were most frequent in Nizamabad. Under the Agar Plate Method (Table 2), overall frequencies increased for most fungi; M. phaseolina peaked at 34.52% in Nizamabad, and Aspergillus spp. recorded 29.17% in Adilabad and above 24% in the remaining districts.
These results clearly identify Nizamabad and Adilabad as hotspots for seed-borne mycoflora, likely due to humid conditions at harvest, delayed drying and extensive use of farm-saved seed, which favour fungal infection and proliferation, as reported earlier from other soybean-growing areas (Rao et al., 2015; Venugopal, 2014; Sewedy et al., 2019). In contrast, Nirmal and Sangareddy recorded moderate to lower frequencies for several pathogens, suggesting relatively better post-harvest handling and storage practices. The dominance of Aspergillus spp. and M. phaseolina across districts underscores the dual risk posed by storage fungi and charcoal rot pathogen to both seed quality and subsequent crop performance, in agreement with findings of Olszak-Przybyś and Korbecka-Glinka (2024) and Shovan et al. (2008).
Table 2. Frequency of seed-borne pathogens as identified by Standard Blotter Method and Agar Plate Method from seeds collected from farmers’ fields in major soybean-growing areas of Telangana during Kharif 2023
	Standard blotter method
	Agar plate method

	District
	CT
	MP
	ALS
	FS
	ASS
	CT
	MP
	ALS
	FS
	ASS

	Adilabad
	11.73
	20.99
	10.49
	8.64
	25.31
	10.65
	27.38
	15.48
	16.67
	29.17

	Nizamabad
	10.74
	24.07
	12.35
	10.49
	27.78
	5.67
	34.52
	7.14
	11.90
	25.60

	Nirmal
	4.32
	5.56
	6.17
	4.32
	19.75
	2.98
	23.81
	5.36
	8.93
	17.86

	Kamareddy
	14.20
	4.32
	3.70
	3.09
	9.26
	5.36
	29.76
	3.81
	7.50
	26.19

	Sangareddy
	2.72
	9.26
	6.17
	1.85
	18.52
	6.55
	31.55
	5.95
	8.33
	24.40

	
	Factors
	CD 5%
	SEd
	SEm
	
	Factors
	CD 5%
	SEd
	SEm
	

	
	District (A)

	0.46
	0.23
	0.16
	
	District (A)

	0.65
	0.32
	0.23
	

	
	Pathogen (B)
	0.46
	0.23
	0.16
	
	Pathogen (B)
	0.65
	0.32
	0.23
	

	
	Interaction (AXB)
	1.03
	0.51
	0.36
	
	Interaction (AXB)
	1.44
	0.71
	0.51
	


(CT- Colletotrichum truncatum, MP-Macrophomina phaseolina ALS-Alternaria spp., FS-Fusarium spp, ASS-Aspergillus spp.)
3.3. Seed health status during Kharif 2024
During Kharif 2024, the same complex of seed-borne fungi was detected, but with altered incidence patterns (Table 3). On the Standard Blotter Method, C. truncatum severity ranged from 0.00% in Gandhari and Zahirabad to 9.17% in Rajampet, with notable levels in Jainath and Sadasivanagar (7.50%) and moderate levels in Bodhan and Tamsi. M. phaseolina remained widespread, with high severity in Armur (13.33%), Tamsi and Mortad (11.67%) and appreciable levels in Bela and Mogdampalli (8.33%). Alternaria spp. were generally moderate, peaking in Mortad (6.67%), while Fusarium spp. were recorded at low but consistent levels, with maximum severity in Mortad (5.83%). Aspergillus spp. again recorded the highest values, from 2.50% in Rajampet to 15.83% in Armur, followed by 14.17% in Mudhole and 12.50% in Bela and Mortad, indicating persistent storage-related contamination.
The Agar Plate Method (Table 3) revealed higher severity values for most pathogens. C. truncatum severity ranged from 0.83% in Mogdampalli to 10.83% in Gandhari, with substantial levels in Mortad (7.50%) and Mudhole (6.67%). M. phaseolina showed frequent recovery on nutrient agar, with 11.67% in Mudhole and Sadasivanagar and around 6.67% in Tamsi, Gandhari and Zahirabad, highlighting its strong saprophytic ability. Alternaria spp. severity varied from 0.00% in Rajampet and Mogdampalli to 8.33% in Mudhole and 7.50% in Bhainsa. Fusarium spp. were detected up to 10.00% in Sadasivanagar, with moderate levels in Gandhari and Bhainsa. Aspergillus spp. dominated the Agar Plate Method results, reaching 15.50% in Mortad and 13.33–13.17% in Armur and Zahirabad, and about 11–13% in several other mandals.
Comparison of seasons indicated that C. truncatum severity decreased in Kharif 2024 compared with Kharif 2023, which may be attributed to reduced canopy moisture and shorter wet periods during pod maturity in 2024. In contrast, M. phaseolina and Aspergillus spp. remained consistently dominant across locations, reflecting their strong adaptation to warm, stress-prone, and storage environments. Similar moisture-stress-mediated enhancement of charcoal rot has been documented by Marquez et al. (2021), who reported that M. phaseolina thrives under high temperature and low soil moisture and persists effectively in seed. Likewise, Mathur and Kongsdal (2003) noted that warm, humid storage conditions favour rapid proliferation of Aspergillus spp. on oilseed crops. Increased frequency of storage moulds under suboptimal drying conditions in soybean has also been highlighted by Rao et al. (2015), further supporting the trends observed in the present study.






Table 3.  Percent severity of seed-borne pathogens as identified by standard blotter and agar plate methods from seeds collected from farmers’ fields in major soybean-growing areas of Telangana during Kharif 2024
	Mandal
	Standard Blotter Method
	Agar Plate Method

	
	CT
	MP
	ALS
	FS
	ASS
	CT
	MP
	ALS
	FS
	ASS

	Bela
	1.67
	8.33
	4.17
	2.50
	12.50
	1.67
	4.17
	1.67
	2.50
	11.08

	Jainath
	7.50
	5.83
	3.33
	4.17
	10.00
	0.83
	3.33
	3.33
	2.50
	10.75

	Tamsi
	2.50
	11.67
	1.67
	0.83
	11.67
	5.00
	6.67
	2.50
	4.72
	12.58

	Armur
	3.33
	13.33
	2.50
	1.67
	15.83
	3.33
	2.50
	3.33
	3.06
	13.33

	Bodhan
	6.67
	6.67
	5.00
	4.17
	10.83
	5.83
	4.17
	5.83
	5.28
	13.08

	Mortad
	1.17
	11.67
	6.67
	5.83
	12.50
	7.50
	5.00
	4.17
	5.56
	15.50

	Basaraa
	2.50
	0.83
	5.00
	2.50
	8.33
	2.50
	4.17
	5.00
	3.89
	9.75

	Bhainsa
	1.67
	5.83
	3.33
	0.83
	7.50
	4.17
	7.50
	7.50
	6.39
	7.50

	Mudhole
	0.83
	4.17
	2.50
	0.00
	14.17
	6.67
	11.67
	8.33
	8.89
	6.67

	Gandhari
	0.00
	1.67
	1.67
	0.00
	6.67
	10.83
	6.67
	0.83
	7.50
	11.58

	Sadasivanagar
	7.50
	7.50
	3.33
	1.67
	5.83
	5.83
	11.67
	6.67
	10.00
	11.58

	Rajampet
	9.17
	0.83
	0.83
	0.83
	2.50
	4.17
	5.83
	0.00
	5.83
	11.67

	Kohir
	0.33
	1.67
	5.00
	3.33
	4.17
	2.50
	5.00
	2.50
	0.83
	12.50

	Zahirabad
	0.00
	5.83
	0.83
	0.00
	10.83
	3.33
	6.67
	3.33
	0.00
	13.17

	Mogdampalli
	1.67
	8.33
	0.83
	0.83
	7.50
	0.83
	5.00
	0.00
	3.89
	9.17

	Factors
	CD 5%
	SEd
	Sem
	
	
	Factors
	CD 5%
	SEd
	SEm
	

	Pathogen (A)
	0.25
	0.13
	0.09
	
	
	Pathogen (A)
	0.31
	0.16
	0.11
	

	Mandal (B)
	0.25
	0.13
	0.09
	
	
	Mandal (B)
	0.31
	0.16
	0.11
	

	Interaction (AXB)
	0.25
	0.13
	0.09
	
	
	Interaction (AXB)
	0.31
	0.16
	0.11
	


(CT- Colletotrichum truncatum, MP-Macrophomina phaseolina ALS-Alternaria spp., FS-Fusarium spp, ASS-Aspergillus spp.)
3.4 Frequency of seed-borne fungal pathogens during Kharif 2024
District-wise frequency analysis for Kharif 2024 further emphasized the prominence of M. phaseolina and Aspergillus spp (Table 4). Under the Standard Blotter Method, M. phaseolina frequency reached 34.52% in Nizamabad and 27.98% in Adilabad, followed by 20.83% in Kamareddy, whereas Aspergillus spp. ranged from 15.48% in Kamareddy to 27.38% in Nizamabad and around 25–26% in Nirmal, Sangareddy and Adilabad. Alternaria spp. and Fusarium spp. recorded moderate frequencies, with higher values in Nizamabad and Nirmal, whereas C. truncatum frequencies remained relatively low, reflecting its mainly field-borne nature.
Under the Agar Plate Method (Table 4), Aspergillus spp. dominated across all districts, with frequencies up to 32.14% in Adilabad, 30.36% in Nirmal and 29.17% in Sangareddy. M. phaseolina frequencies remained high (about 20–28%) in most districts. Alternaria spp. and Fusarium spp. showed moderate levels, particularly in Adilabad and Nizamabad. These patterns are in agreement with earlier descriptions of the ecological plasticity of M. phaseolina and Aspergillus spp., which survive as microsclerotia or as storage moulds under variable moisture and temperature regimes (Rao et al., 2015; Alemu, 2014; Shovan et al., 2008; Soesanto et al., 2020).
Nizamabad and Adilabad again emerged as the most heavily contaminated districts under both detection methods, likely due to higher rainfall, humid harvest periods and greater reliance on farm-retained seed, as also observed in regional soybean seed mycoflora studies (Rao et al., 2015; Olszak-Przybyś and Korbecka-Glinka, 2024; Gujjar et al., 2025). Nirmal and Sangareddy showed moderate infection, reflecting semi-dry climates and shorter post-harvest exposure, whereas Kamareddy exhibited comparatively lower field-borne infections but moderate storage-related fungi, indicating better field management but suboptimal storage conditions consistent with earlier reports on district-wise seed contamination influenced by local microclimate and storage practices (Alemu, 2014; Shovan et al., 2008; Aoudou et al., 2020).
Table 4.  Frequency of seed-borne pathogens as identified by standard blotter and agar plate methods from seeds collected from farmers’ fields in major soybean-growing areas of Telangana during Kharif 2024
	District
	Standard blotter method
	Agar plate method

	
	CT
	MP
	ALS
	FS
	ASS
	CT
	MP
	ALS
	FS
	ASS

	Adilabad
	4.17
	27.98
	3.57
	4.76
	26.19
	3.57
	22.62
	14.29
	14.88
	32.14

	Nizamabad
	3.57
	34.52
	15.48
	16.67
	27.38
	5.36
	27.98
	13.10
	14.29
	22.62

	Nirmal
	4.17
	14.29
	11.90
	5.36
	25.60
	2.98
	14.29
	9.52
	7.74
	30.36

	Kamareddy
	5.36
	20.83
	4.76
	11.90
	15.48
	7.14
	20.83
	7.14
	8.33
	23.21

	Sangareddy
	5.36
	11.31
	10.51
	4.17
	25.60
	5.36
	20.83
	11.31
	4.76
	29.17

	Factors
	CD 5%
	SEd
	SEm
	
	
	Factors
	CD 5%
	SEd
	SEm
	

	District (A)
	0.63
	0.31
	0.22
	
	
	District (A)
	0.61
	0.30
	0.22
	

	Pathogen (B)
	0.63
	0.31
	0.22
	
	
	Pathogen (B)
	0.61
	0.30
	0.22
	

	Interaction (A X B)
	1.40
	0.70
	0.50
	
	
	Interaction (A X B)
	1.37
	0.68
	0.48
	


(CT- Colletotrichum truncatum, MP-Macrophomina phaseolina ALS-Alternaria spp., FS-Fusarium spp, ASS-Aspergillus spp.)Comparative performance of seed health testing methods
Across both seasons, the Standard Blotter Method proved more effective for detecting field-borne fungi such as C. truncatum and Alternaria spp., whereas the Agar Plate Method consistently yielded higher recovery of fast-growing fungi such as M. phaseolina, Fusarium spp. and Aspergillus spp. Similar methodological differences have been reported in soybean seed health studies, where blotter incubation enabled clearer detection of slow-growing field pathogens and agar media favoured rapid proliferation of storage moulds and saprophytes (Rao et al., 2015; Shovan et al., 2008; Soesanto et al., 2020). Comparable findings for soybean and other oilseeds have been reported by Rao et al. (2015) who observed predominance of M. phaseolina, Fusarium spp. and Aspergillus spp. on agar plates, and better detection of Colletotrichum and Alternaria on blotter tests.
The highly significant effects of pathogen, mandal/district and their interaction in ANOVA for both methods and both years indicate that infection patterns are jointly governed by agro-climatic conditions, harvest timing, storage practices and pathogen biology. Similar conclusions were drawn in regional seed mycoflora studies by Alemu (2014), Shovan et al. (2008) and Aoudou et al. (2020), who emphasized that seed-borne fungal profiles vary widely across environments and that region-specific seed health surveillance and integrated management strategies are essential for maintaining seed quality in soybean.
4. Conclusion
The two-year survey demonstrated that farmers’ soybean seed lots in Telangana harbour a complex of seed-borne fungi dominated by M. phaseolina and Aspergillus spp., with C. truncatum, Alternaria spp. and Fusarium spp. occurring at variable but epidemiologically important levels. Nizamabad and Adilabad consistently emerged as hotspots for seed-borne contamination, while Nirmal, Kamareddy and Sangareddy generally showed moderate to lower infection. The Standard Blotter Method was superior for detecting field-borne fungi such as C. truncatum and Alternaria spp., whereas the Agar Plate Method was more efficient for recovering storage-associated and fast-growing fungi, particularly M. phaseolina, Fusarium spp. and Aspergillus spp. The two methods are therefore complementary and should be used together for comprehensive seed health diagnosis. The reduction in C. truncatum severity in Kharif 2024 compared with Kharif 2023 suggests a strong effect of seasonal weather on anthracnose development, while the continued dominance of M. phaseolina and Aspergillus spp. highlights their ecological adaptability under stress and storage-related conditions. The findings underscore the need for integrated seed health management strategies, including field sanitation, timely harvest, thorough field drying, improved on-farm storage and regular seed health testing, to minimize seed-borne inoculum and safeguard soybean productivity in Telangana.
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