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Epidemiological factors affecting brown spot (Physoderma maydis) progression in maize (Zea mays L.)

ABSTRACT
Brown spot of maize (Zea mays L.) caused by Physoderma maydis is an emerging disease whose development is influenced by several host- and pathogen-related factors. The present study was undertaken under controlled polyhouse conditions using a whorl inoculation technique to elucidate the role of host age, pathogen culture age, inoculum load, and sub-culturing on disease development. Host susceptibility increased with plant age with maximum disease progression in 50-days old plants, whereas, reduced severity at later stages suggested the onset of age-related resistance. Among varying culture ages, 14-days old culture exhibited peak virulence with disease severity (26.85%) and apparent infection rate of (0.04 r/day). A sporangial concentration of 1×106 sporangia/ml resulted in maximum average disease index (39.51%) and shortest average incubation period of 13.0 days establishing as optimal inoculum load. Among varying sub-culturing of the pathogen, highest average disease index (22.22%) was recorded in the maize plants inoculated with 1st sub-culture. These findings enhance understanding of P. maydis pathogenesis and provide framework for developing effective screening and disease management strategies in maize. Furthermore, these findings elucidate age-related resistance and define optimal inoculation factors, offering practical insights for timing of management interventions and supports the development of durable resistance through targeted breeding strategies in maize.
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1. INTRODUCTION 
Maize (Zea mays L.), belonging to the family Poaceae which is originated from Mexico and Central America, is an important food and feed crop grown in more than 160 countries worldwide (Shah et al. 2023). It is considered as ‘Queen of cereals’ due to its highest genetic yield potential among cereals and multiple uses as feed (63%), food (23%), starch industries (12%), seed and miscellaneous uses (2%) in India. Quality protein maize is rich in two essential amino acids i.e., lysine and tryptophan, making it vital for enhancing the nutritional value of the daily diet (Haque et al. 2022). The leading producer of maize is USA contributing 31.00 per cent of the world’s maize production followed by China, Brazil, European Union, Argentina, India, Ukraine, Mexico, South Africa and Canada (FAOSTAT, 2024). In India, maize is cultivated in an area of 12.09 million hectares of land having total production of 43.41 million MT along with productivity of 3.59 MT per hectares (DA&FW, 2024). In Himachal Pradesh, maize is mainly grown in kharif season under rained conditions in an area of 255.54 thousand hectares with production of 708.42 thousand MT and productivity of 27.72 q/ha (HPDOA, 2022). In Himachal Pradesh, highest area and production of maize is found in Mandi district followed by Kangra, Hamirpur, Chamba and Bilaspur respectively (Yadav et al. 2015). 
Maize suffers from various diseases resulting in considerable losses in yield. Worldwide, maize yield losses up to 9 per cent have been estimated as a result of fungal, bacterial and viral diseases (Manzar et al. 2022). Brown spot of maize caused by Physoderma maydis (Miyabe) Miyabe is the emerging disease, leading to reduced plant vigor, shortened internodes, delayed tasseling and yield losses (Hooda et al. 2018). The first noticeable symptoms develop on leaves blade and consist of small chlorotic spots, arranged as alternate bands of diseased and healthy tissue. Later, spots on the midribs are visible which are circular and dark brown while lesions on the laminae continue as chlorotic spots (Dooh et al. 2021). Frequent rainfall, average warm temperature and high RH conditions favors disease development (Shekhar and Kumar, 2012).
Accurate and consistent screening for disease resistance in plants requires artificial inoculation at a susceptible growth stage using an appropriate and standardized inoculum concentration. Artificial inoculation not only ensures uniform disease development but also plays a critical role in various aspects of plant pathology, including studies on epidemiology, etiology, host-pathogen interaction, disease resistance and management strategies (Thakur and Banyal, 2022). Understanding these physiological factors that influence disease development, such as host age, age of fungal culture, inoculum load and sub-culturing which can significantly alter the severity and progression of disease. Therefore, present investigation was carried out in order to assess the effect of host age, inoculum load, age of culture and sub-culturing on the development of brown spot of maize. Thereby, standardizing these factors of P. maydis on maize for pathogenesis studies to enhance disease management strategies. 
2.  MATERIALS AND METHODS
	Physoderma maydis (Miyabe) Miyabe culture was isolated from diseased maize leaves using spore suspension method (Dubey et al. 2022) and incubated at 26±2°C temperature in 12/12 photoperiod. The isolated pathogen was maintained on Corn meal agar (CMA), Tryptone yeast extract glucose medium (TYG) and Peptone yeast extract glucose medium (PYG) smeared with maize leaf extract broth. The fungus was identified on the basis of morphological characteristics (Walker, 1983). The sporangia were harvested by macerating the well-sporulated fungal culture Petri plates on different medium smeared with MLEB. The medium of the Petri plates containing fungal culture was macerated in water using a waring blender for 15-30 seconds and kept for 24 hours for release of zoopsores in the suspension. The resulting sporangial suspension was further strained through a layer of cheese or muslin cloth to remove mycelial bits and remains of media. The sporangial suspension was resuspended in water containing 0.05 per cent tween-20.
2.1 Infection level in relation to host age
An experiment on effect of host age in relation to infection of P. maydis was carried out in polyhouse conditions with susceptible variety (K25 Gold). Maize seedlings of susceptible variety grown in pots were whorl inoculated at 20, 30, 35, 40, 50 and 60 days after sowing. Plants were grown in controlled conditions. Artificial inoculation with sporangial suspension (5×105 sporangia/ml) of P. maydis was carried out under polyhouse conditions using whorl inoculation technique. The inoculum was filled in dropper bottles and the desired plants at susceptible stage were inoculated by putting drops of inoculum into the whorl of maize seedlings. The experiment was conducted in a completely randomized design. Three plants were taken for each replication and each treatment was replicated thrice in pots along with an uninoculated control. The inoculated plants were sprayed every 24 hours to maintain high humidity on leaves and whorls (RH > 90%) until the development of the disease symptoms. The disease severity was recorded at weekly interval after appearance of first symptom using 1-9 scale (Hooda et al. 2018) presented in Table 1. Observation for incubation period was recorded for each treatment. The per cent disease index (PDI), AUDPC and apparent rate of infection (r) were calculated as follows: 
Table 1: Scale for assessing the disease severity of brown spot of maize
	Rating scale
	Degree of infection (per cent DLA)*
	PDI**
	Disease reaction

	1.0
	Nil to very slight infection (<10%). 
	≤11.11
	Resistant (R)
(Score: ≤ 3.0)
(DLA: ≤ 30%)
(PDI: ≤ 33.33)

	2.0
	Slight infection, a few lesions scattered on two lower leaves (10.1-20%). 
	22.22
	

	3.0
	Light infection, moderate number of lesions scattered on four lower leaves (20.1-30%). 
	33.33
	

	4.0
	Light infection, moderate number of lesions scattered on lower leaves, a few lesions scattered on middle leaves below the cob (30.1-40%). 
	44.44
	Moderately Resistant (MR)
(Score: 3.1–5.0)
(DLA: 30.1-50%)
(PDI: 33.34-55.55)


	5.0
	Moderate infection, abundant number of lesions scattered on lower leaves, moderate number of lesions scattered on middle leaves below the cob (40.1-50%). 
	55.55
	

	6.0
	Heavy infection, abundant number of lesions scattered on lower leaves, moderate infection on middle leaves and a few lesions on two leaves above the cob (50.1-60%). 
	66.66
	
Moderately Susceptible (MS)
(Score: 5.1-7.0)
(DLA: 50.1-70%)
(PDI:55.56-77.77)


	7.0
	Heavy infection, abundant number of lesions scattered on lower and middle leaves and moderate number of lesions on two to four leaves above the cob (60.1-70%). 
	77.77
	

	8.0
	Very heavy infection, lesions abundant scattered on lower and middle leaves and spreading up to the flag leaf (70.1-80%). 
	88.88
	Susceptible (S)
(Score: >7.0)
(DLA: >70%)
(PDI: >77.77)

	9.0
	Very heavy infection, lesions abundant scattered on almost all the  leaves, , plant prematurely dried and killed (>80%) 
	99.99
	



Per cent disease index (PDI) was calculated by using the formula given by Wheeler (1969). 

Disease progression was measured by calculating AUDPC and apparent rate of infection (r) as per logistic equation given by Vander Plank (1963)

Where, yi = Per cent disease severity at the ith observation
             ti = time (in days) at the ith observation
             n = total number of observations

Where,  r = apparent rate of infection
      t2 – t1 = time interval between first and last observation
     x1 & x2 = per cent disease severity at t1 and t2 time intervals, respectively

2.2 Age of pathogen culture
Pathogen culture isolated from the infected maize leaves on CMA and purified on TYG and PYG smeared with MLEB was maintained in the laboratory at 26±2ºC with 12/12 photoperiod for different time duration viz., 7, 14, 21, 28 and 35-days old culture. The experiment was carried out under polyhouse conditions by whorl inoculation of sporangial suspension (5×105 sporangia/ml) from 7, 14, 21, 28 and 35-days old culture on 35 days old susceptible seedlings (K25 Gold) in pots. The inoculated plants were sprayed every 24 hours to maintain high humidity on leaves and whorls (RH > 90%) until the development of the disease symptoms. The experiment was conducted in a completely randomized design. Three plants were taken for each replication and each treatment was replicated thrice in pots along with an uninoculated control. The observation on incubation period was recorded for each treatment. Additionally, disease severity on maize plants were recorded at weekly intervals after appearance of first symptoms using 1 to 9 scale given by Hooda et al. (2018). The per cent disease index (PDI), AUDPC and apparent rate of infection (r) were calculated according to the formula as described above.
2.3 Inoculum load
Different inoculum concentrations (sporangia/ml) were evaluated to standardize the optimum inoculum load required for successful infection and development of brown spot symptoms on maize plants. The experiment was conducted under polyhouse conditions. Thirty-five days old seedlings of susceptible maize variety (K25 Gold) were whorl inoculated with different sporangial concentrations viz., 5×103, 1×105, 5×104, 1×106 and 5×105 sporangia/ml. The inoculated plants were sprayed every 24 hours to maintain high humidity on leaves and whorls (RH > 90%) until the development of the disease symptoms. The experiment was conducted in a completely randomized design. Three plants were taken for each replication and each treatment was replicated thrice in pots. The observation on incubation period was recorded for each treatment. Additionally, disease severity on maize plants were recorded at weekly intervals after appearance of first symptoms using 1 to 9 scale given by Hooda et al. (2018). The per cent disease index (PDI), AUDPC and apparent rate of infection (r) were calculated according to the formula as described above.
2.4 Pathogen sub-culturing 
The pathogenic ability of P. maydis was evaluated after subsequent 1st, 3rd, 5th, 7th and 9th sub-culturing of the pathogen. For subsequent sub-culturing, mycelial plug from the center of each colony was used to establish a new growth on Petri plates containing TYG and PYG medium smeared with MLEB. The experiment was conducted in polyhouse conditions. Thirty-five days old seedlings of susceptible maize variety (K25 Gold) were whorl inoculated with different sub-cultures sporangial suspension of the pathogen. The inoculated plants were sprayed every 24 hours to maintain high humidity on leaves and whorls (RH > 90%) until the development of the disease symptoms. The experiment was conducted in a completely randomized design. Three plants were taken for each replication and each treatment was replicated thrice in pots. The observation on incubation period was recorded for each treatment. Additionally, disease severity on maize plants were recorded at weekly intervals after appearance of first symptoms using 1 to 9 scale given by Hooda et al. (2018). The per cent disease index (PDI), AUDPC and apparent rate of infection (r) were calculated according to the formula as described above.
2.5 Statistical Analysis
The data obtained from experiments were subjected to appropriate statistical analysis wherever necessary. The differences exhibited by the treatments in various experiments were tested for their significance using standard statistical procedures (CRD) as described by Gomez and Gomez (1984). Statistical analysis was performed by ANOVA (Analysis of Variance) using OPSTAT software (Sheoran et al. 1998) and Microsoft excel 2021. The critical difference (CD) is used to compare means of different treatments that have an equal number of replications.
3. RESULTS AND DISCUSSION
3.1 Infection level in relation to host age 
All the inoculated plants exhibited infection with significant differences in the per cent disease index found among the plants inoculated at various growth stages (Table 2). Highest average per cent disease index (39.50%) was recorded on plants inoculated at 50-days with AUDPC of 842.60 and infection rate of 0.05 r/ day with shortest average incubation period of 13.7 days followed by plants inoculated at 40 DAS with 37.96 per cent of disease index, 812.36 value of AUDPC and infection rate of 0.05 r/day. Plants inoculated at 30 and 35-days were recorded with average disease index of 33.02 and 35.49 per cent, AUDPC of 695.69 and 756.15 values along with infection rate of 0.05 r/day, respectively. Plants inoculated at youngest age (20 DAS) showed minimum average per cent disease index (20.99%), AUDPC (436.43) and infection rate (0.06 r/day) along with longest average incubation period of 18.2 days. 
In case of host age, it is evident from the data that disease development increased significantly with an increase in host age, however, a reduction in disease severity was observed in plants inoculated at 60-days which may be attributed to the development of age-related resistance. Overall, while P. maydis was capable of infecting maize plants at all growth stages, the extent of susceptibility was strongly influenced by host age, with plants between 30 and 50 DAS being particularly favourable for disease development. Similar results were recorded by Singh and Srivastava (2012) that, 14 days before to 21 days after tasseling is the most susceptible time for development of maydis leaf blight. Whereas, according to Bisht (2015), plant of age group 55 to 65 days old were found to be highly susceptible to B. maydis which coincide with silking stage.
Table 2: Effect of host age on the development of brown spot of maize caused by Physoderma maydis
	Host age (DAS)
	Incubation period (days)
	Disease index (%) after disease appearance
	AUDPC
	Apparent rate of infection (r/day)

	
	
	7
	14
	21
	28
	Mean
	
	

	20
	18.2
	9.88
	14.81
	25.93
	33.33
	20.99
	436.43
	0.06

	30
	14.0
	17.28
	27.16
	39.51
	48.15
	33.02
	695.69
	0.05

	35
	13.3
	18.52
	30.86
	43.21
	49.38
	35.49
	756.15
	0.05

	40
	13.0
	19.75
	34.57
	45.68
	51.85
	37.96
	812.36
	0.05

	50
	13.7
	20.99
	35.80
	46.91
	54.32
	39.50
	842.60
	0.05

	60
	15.7
	18.52
	28.39
	35.80
	43.21
	31.48
	665.42
	0.04

	CD (0.05)
	
	5.66
	7.02
	5.88
	7.19
	-
	93.58
	0.01

	SE (d)
	
	2.57
	3.19
	2.67
	3.26
	-
	42.48
	0.008


   DAS- Days after sowing 
3.2 Age of pathogen culture
To study the impact of culture age of pathogen on the development of brown spot disease in maize, an experiment was conducted in pots with 7, 14, 21, 28 and 35-days old pathogen culture maintained on CMA, TYG and PYG. Susceptible variety was sown in pots and thirty-five days old maize plants were inoculated with pathogen culture of different age. It is apparent from the data that the pathogen virulence, as reflected by the incubation period, disease severity, AUDPC and apparent rate of infection varied considerably with the age of pathogen culture. The data from Table 3 revealed that 14-days old culture found most virulent with highest average disease index (26.85%) and shortest average incubation period (14.7 days) along with maximum AUDPC and apparent infection rate of 557.41 and 0.04 r/day, respectively. An average disease index of 23.15 and 22.53 per cent was recorded in plants inoculated with 21 and 7-days old culture, respectively, along with corresponding AUDPC values of 479.60 & 470.97 and infection rate of 0.04 & 0.05 r/day, indicating that the 21-days old culture was the second most effective. Minimum average disease index of 15.12 per cent along with AUDPC (311.11) and infection rate (0.07 r/day) was recorded with 35-days old pathogen culture. Pathogen culture older than 21-days (upto 35-days) indicated successive reduced virulence as evident from delayed disease appearance and slow disease progress.
These findings clearly indicated that physiological age of the pathogen plays a crucial role in disease establishment and progression. The 14-days old culture was identified as the most suitable for inducing consistent and severe brown spot symptoms in maize. Similar results were reported by Nasrin et al. (2018) reported that conidial production and viability of Bipolaris sorokiniana peaks around 10-12 days, highest at 14 days old culture, whereas, beyond this age, spore germination rate declines, directly reducing the infection efficiency.  Deep et al. (2020) reported that bacterial leaf blight in rice pathogen (Xanthomonas oryzae pv. oryzae) were most effective when the culture was 36 to 48 hours old. Using culture older than 72 hours leads to significant drop in disease severity.  
Table 3: Effect of age of culture of Physoderma maydis on the development of brown spot of maize
	Age of culture (days)
	Incubation period (days)
	Disease index (%) after disease appearance
	AUDPC
	Apparent rate of infection (r/day)

	
	
	7
	14
	21
	28
	Mean
	
	

	7
	16.2
	12.34
	18.52
	25.93
	33.33
	22.53
	470.97
	0.05

	14
	14.7
	16.05
	22.22
	29.63
	39.51
	26.85
	557.41
	0.04

	21
	15.4
	13.58
	19.75
	24.69
	34.57
	23.15
	479.60
	0.04

	28
	17.6
	8.64
	14.81
	20.99
	30.86
	18.82
	388.85
	0.06

	35
	19.3
	6.17
	11.11
	17.28
	25.93
	15.12
	311.11
	0.07

	CD (0.05)
	
	3.94
	5.57
	6.10
	5.28
	-
	82.28
	0.02

	SE (d)
	
	1.75
	2.46
	2.70
	2.34
	-
	36.45
	0.01



3.3 Inoculum load
The effect of different inoculum levels on disease development was studied with 5×103, 1×105, 5×104, 1×106 and 5×105 sporangia/ml. The data presented in Table 4 revealed significant variation in incubation period, disease severity, AUDPC values and apparent rate of infection was recorded at different inoculum loads. The results of the experiment revealed that the plants inoculated with different inoculum concentrations showed varied infection. Inoculum load of 1×106 sporangia/ml resulted in maximum average disease index (39.51%) and shortest average incubation period of 13.0 days with corresponding AUDPC and infection rate of 829.62 and 0.03 r/day, respectively. Next best in order was inoculum load of 5×105 sporangia/ml with average disease index of 33.64 per cent along with AUDPC of 717.28 and infection rate of 0.04 r/day. The disease progress was also significantly moderate at 1×105 sporangia/ml inoculum load which was evident by average disease index (31.79%), AUDPC values (669.76) and apparent infection rate (0.03 r/day). However, minimum average disease index (22.53%) was recorded with inoculum level of 5×103 sporangia/ml with longest average incubation period of 18.3 days. It also provided minimum AUDPC (466.67) and apparent rate of infection (0.06 r/day).
Overall, the findings highlighted inoculum density as a critical epidemiological factor governing brown spot development. Although, 1×106 sporangia/ml produced maximum disease severity, but this concentration can result in unnaturally high infection pressure, which is less representative of field conditions and may mask subtle treatment effects in subsequent experiments. Therefore, 5 × 105 sporangia/ml was considered optimal and selected for further studies, as it produced reliable, reproducible disease symptoms with an appropriate incubation period and disease progress.
 Shah et al. (2016) evaluated the response of three maize varieties viz., Iqbal, Azam and Jalal towards four inoculum levels of B. maydis (1.5×104, 3×104, 4.5×104 and 6×104 conidia/ml). The highest inoculum level of B. maydis (6×104 conidia/ml) reported maximum disease severity (3.33%) and minimum plant height (145.14 cm), fresh ear weight (1678.8 g), number of grains/ear (335.67), cob length (13.38 cm) and grain yield/sub-plots (2322.0 g) in Azam variety. Similarly, 6×104 conidia/ml inoculum load resulted in most disease severity (4.00%), whereas, Jalal variety was found resistant even at higher inoculum level. 


Table 4: Effect of inoculum load of Physoderma maydis on the development of brown spot of maize
	Inoculum load (sporangia/ml)
	Incubation period (days)
	Disease index (%) after disease appearance
	AUDPC
	Apparent rate of infection (r/day)

	
	
	7
	14
	21
	28
	Mean
	
	

	5×103
	18.3
	11.11
	17.28
	25.93
	35.80
	22.53
	466.67
	0.06

	1×105
	16.3
	20.99
	29.63
	34.57
	41.97
	31.79
	669.76
	0.03

	5×104
	15.0
	17.28
	27.16
	33.33
	39.51
	29.32
	622.22
	0.04

	1×106
	13.0
	27.16
	35.80
	43.21
	51.85
	39.51
	829.62
	0.03

	5×105
	13.7
	19.75
	30.86
	39.51
	44.44
	33.64
	717.28
	0.04

	CD (0.05)
	
	4.66
	4.66
	6.10
	4.32
	-
	70.61
	0.02

	SE (d)
	
	2.06
	2.07
	2.70
	1.91
	-
	31.29
	0.007



3.4 Pathogen sub-culturing
	 Effect of sub-culturing of P. maydis culture on brown spot disease development were studied under polyhouse conditions. Significant differences in disease development were observed across various sub-cultures stages. Thirty-five days old susceptible maize plants were inoculated with the pathogen from 1st, 3rd, 5th, 7th and 9th -sub-culture stages (Table 5). Significantly, highest average disease index of 22.22 per cent was recorded in the maize plants inoculated with 1st sub-culture and shortest average incubation period (16.5 days) indicating a strong pathogenic response followed by 3rd sub-culture exhibiting an average disease index of 18.21 per cent with average incubation period of 17.0 days. The disease progress was significantly high with 1st sub-culture of the pathogen which was evident by highest AUDPC (466.66) and apparent rate of infection (0.03 r/day). This was followed by 3rd sub-culture of the pathogen with 384.53 and 0.03 r/day AUDPC and rate of infection, respectively. However, minimum average disease index of 10.80 per cent was observed with 9th sub-culture of the pathogen and longest average incubation period of 20.0 days. It also provided minimum AUDPC values and apparent rate of infection i.e. 224.68 and 0.06 r/day, respectively. In contrast, plants inoculated with the pathogen from the 5th to 9th sub-culture showed a markedly lower average disease index varied from 16.05 to 10.80 per cent. 
These findings suggest that the virulence of P. maydis was significantly affected by its sub-culturing period, with younger cultures displaying greater potential for infection in maize plants and with the increase in sub-culturing, there is a corresponding decline in brown spot disease development in maize plants. These results underscore the important influence of pathogen sub-culturing on disease dynamics, with the 1st and 3rd sub-cultures exhibiting the highest disease index.  This reduction in virulence was attributed due to physiological degeneration, nutrient depletion, reduced sporangial viability and loss of pathogenic fitness during prolonged maintenance under artificial conditions. 
Similar results were recorded by Anand (2019) reported that young and early generation of pathogen culture gave maximum disease incidence of collar rot of cow pea and significant decrease in the disease incidence was observed with increase in age and sub-culturing of the pathogen.  Although sub-culturing is required to prolong the lifespan and/or increase the number of microbial cells in the culture, successive sub-culturing has been reported to affect the pathogenicity, sporangial yield, germination and stability of strains in various fungal pathogens (Ansari and Butt 2011; Sennoi et al. 2013; Bruslind 2021).
Table 5: Effect of sub-culturing of Physoderma maydis on the development of brown spot of maize
	Subculture
	Incubation period (days)
	Disease index (%) after disease appearance
	AUDPC
	Apparent rate of infection (r/day)

	
	
	7
	14
	21
	28
	Mean
	
	

	1st
	16.5
	16.05
	19.75
	24.69
	28.39
	22.22
	466.66
	0.03

	3rd
	17.0
	12.34
	16.05
	20.99
	23.46
	18.21
	384.53
	0.03

	5th
	17.9
	9.88
	13.58
	18.52
	22.22
	16.05
	337.03
	0.04

	7th
	19.4
	6.17
	9.88
	13.58
	18.52
	12.04
	250.60
	0.05

	9th
	20.0
	4.94
	8.64
	12.34
	17.28
	10.80
	224.68
	0.06

	CD (0.05)
	
	4.98
	4.98
	5.57
	5.29
	-
	103.57
	0.02

	SE (d)
	
	2.21
	2.21
	2.47
	2.34
	-
	45.89
	0.01


4. CONCLUSION 
The present investigations highlighted that brown spot of maize caused by P. maydis is strongly influenced by age of host plant, effect of sub-culturing, inoculum load and age of pathogen culture. Maize plants were susceptible to infection at all growth stages; however, susceptibility increased with advancing host age (30-50 DAS), but reduced disease severity at later stages indicated the possible involvement of age-related resistance. The physiological age of the pathogen played a crucial role in disease establishments, as cultures of intermediate age were more virulent than very young or older cultures. Fourteen days old cultures consistently produced the highest disease severity, fastest disease progress and shortest incubation period. In case of inoculum density of the pathogen, higher inoculum loads resulted in maximum disease severity, but it was also observed that moderately high inoculum levels produced reliable and reproducible symptoms without creating unnaturally high disease pressure, making them more suitable for experimental studies. Successive sub-culturing significantly reduced its pathogenic potential, in which early sub-cultures exhibited greater virulence, whereas, advanced sub-cultures showed delayed symptom expressions. Overall, the study highlights that optimum host age, appropriate pathogen culture age, standardized inoculum load and minimal sub-culturing are critical factors for consistent disease development. Therefore, these findings provide a sound experimental basis for epidemiological studies and for standardizing inoculation techniques in future management and resistance screening programmes for brown spot of maize.  
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