


Influence of Cultural Media, Temperature and pH on the Growth and Development of Alternaria brassicicola Isolated from Cauliflower

ABSTRACT
The genus Alternaria is among the most predominant plant pathogen, recognize as a major constraint to crop productivity extended from 10–70% in India and a catastrophic cause of yield losses among brassicaceous crops. The experiment was conducted to assess the in-vitro effects of cultural and physiological variations on mycelial growth of Alternaria brassicicola (Schwein.) Wiltshire during 2023-2024. Cultural studies indicated that among the six different tested media, Potato dextrose agar supported the maximum mycelial growth (86.48 mm), whereas Czapek’s dextrose dox agar media supported minimum growth (36.91 mm). For the maximum growth of the fungus, the best temperature observed was, 25 °C (82.24 mm) while minimum growth recorded at 35 °C (11.14 mm). Over five different pH on which the pathogen exhibits maximum mycelial growth was pH 5 (81.57 mm) in contrast pH 8 showed minimum mycelial growth (41.45 mm).
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Introduction  
[bookmark: _GoBack]Alternaria is a widespread, diverse and dictyosporic genus of fungi, classified within the Ascomycetes phylum and the Hyphomycetes order (Thomma, 2003). Alternaria infections are among the major constraints in the production of brassicaceous, cucurbitaceous and solanaceous crops. Severe outbreaks of blight can completely decimate the crop within a short span, resulting in catastrophic yield loss due to the spread driven by the global distribution of seeds, the long-range airborne movement of spores, and the impacts of climate change ( Singh et al., 2015; O’Hara et al., 2016). Alternaria black leaf spot of cauliflower incited by Alternaria brassicicola (Schwein.) Wiltshire, a highly virulent fungal disease that results in serious qualitative deterioration and substantial quantitative losses in crop productivity. The disease manifest globally with higher prevalence in tropical and subtropical regions but exhibits higher incidence in subtropical and temperate regions. Additionally, they can endure in perennial crops or responsive weeds (Mamgain et al., 2013).  Initial symptoms appear on the basal foliage as dark brown to black necrotic lesions. These subsequently enlarge, developing concentric rings that impart a blighted appearance to cauliflower leaves. The inflorescence, pedicels and siliquae are often extensively colonized, leading to internal seed-borne transmission of the pathogen (Pandey et al., 2003). The pathogen is capable of causing seed yield suppression of nearly 80% (Maude et al., 1980), Losses in crop productivity range from 10–70% in India (Choudhary et al., 2018) and 32–57% in Nepal (Saharan et al., 2016). To elucidate the cultural and physiological variability of the pathogen, an investigation was undertaken to assess the influence of different culture media, temperature and pH on its growth characteristics under in-vitro conditions.


Materials and Methods
The present investigation on Alternaria brassicicola, the causal agent of black leaf spot disease in cauliflower, was conducted at the Department of Plant Pathology, College of Horticulture, VCSG, UUHF, Bharsar, Pauri Garhwal.
Isolation and maintenance
Cauliflower leves exhibiting characteristic symptoms of infection were collected from the Experimental Site, Vegetable Research and Demonstration Block, College of Horticulture, VCSG UUHF, Bharsar, Pauri Garhwal, Uttarakhand. Collected samples were thoroughly rinsed with tap water to eliminate surface debris, after which small sections of infected tissue were excised and surface-sterilized with 0.1% sodium hypochlorite solution for 30 seconds under aseptic conditions. The sterilized tissue segments were subsequently rinsed three times with sterile distilled water (15 seconds each) and blotted dry on sterile filter paper to remove excess moisture. These prepared tissue segments were then aseptically transferred onto Petri plates containing solidified Potato Dextrose Agar (PDA) medium. The inoculated plates were incubated at 26 ± 2 °C in a BOD incubator to expedite pathogen growth. The pathogen was identified as Alternaria brassicicola based on conidial morphology, chain formation, and purified using the single-spore isolation method as well as pathogenicity. Purified cultures were maintained on agar slants and preserved at 4°C for further studies as described by Goyal et al. (2011), Pun et al. (2020) and Bessadat et al. (2014).
Identification of the pathogen
The pathogen was identified based on its cultural and morphological characteristics, confirmed by pathogenicity assay. Temporary mounts of cultured mycelia were prepared in lacto-phenol and examined under a compound microscope.
Cultural studies
Determining effect of different culture media on mycelial growth of Alternaria brassisicola
The growth characters of Alternaria brassicicola was studied on six different solid media namely Potato dextrose agar (PDA), Oat meal agar, Czapek’s dextrose dox media, Richard’s agar media, Corn meal agar and Rose Bengal agar media. Media were sterilized at 121 °C on 15 pounds pressure for 15 minutes. 20 ml of each of the medium was poured in to 90 mm diameter Petri dishes. Such plates were inoculated with 5 mm disc of fungal growth and incubated at 25±2 ºC. Each treatment was replicated four times. The fungal colony was measured after 7 days of incubation.
Physiological studies 
Determining effect of different temperature on mycelial growth of Alternaria brassicicola
Potato dextrose agar (PDA) media was used as basal medium. Petri plates containing sterilized basal medium were inoculates with 4 mm mycelial disc of the pathogen and then incubated at various temperature viz. 15, 20, 25, 35 and 35 °C in different incubators. In each case, four replications were maintained. The fungal colony was measured after 7 days of incubation. 
Determining effect of different pH on mycelial growth of Alternaria brassicicola
Potato dextrose agar (PDA) was used as basal medium. Conical flask of 100 ml capacity was taken and pouring of 20 ml PDA was done in each flask. The pH of the media was maintained to different level viz. 4.0, 5.0, 6.0, 7.0 and 8.0 by adding 1 ml solution of HCL and NaOH. At each pH level four replications were maintained. The plates were incubated at 25±2 ºC and fungal colony was measured after 7 days of incubation.
Statistical analysis
The experimental data collected during the laboratory investigations were statistically analyzed following the principles of a Completely Randomized Design (CRD). The mean values were subjected to analysis of variance (ANOVA) as outlined by Gomez and Gomez (1984), employing OPSTAT and MS-Excel software packages. The computed F-statistic was subsequently compared with the corresponding tabulated F-value. In cases where the F-test indicated significance, the critical difference (CD) was determined to ascertain the relative superiority of individual treatments over the others.
Results and discussion 
Effect of different culture media on mycelial growth of Alternaria brassisicola

	T. No. 
	Culture media
	Mycelial growth (mm) ± SE.(m)

	T1
	Potato dextrose agar
	86.48±0.04

	T2
	Oat meal agar
	71.65±0.09

	T3
	Czapek’s dextrose dox media
	36.91±0.30

	T4
	Richard’s agar media
	44.29±0.26

	T5
	Corn meal agar
	63.58±0.01

	T6
	Rose Bengal agar media
	53.33±0.05

	SE(d)
	0.23

	C.D (0.05)
	0.50


Table 1: Effect of Different Culture Media on Mycelial Growth of Fungi

Among the six different tested media, the maximum mycelial growth was observed on T1, Potato dextrose agar media, registering a mean colony diameter of (86.48 mm). This was followed by T2, Oat meal agar media with (71.65 mm), T5, Corn meal agar with (63.58 mm) and T6, Rose bengal agar media with (53.33 mm). Moderate growth was recorded on T4, Richard’s agar media, which supported a colony diameter of (44.29 mm). The minimum mycelial growth was obtained on T3, Czapek’s dextrose dox agar media, where the colony diameter measured only (36.91 mm). These results are in alignment with the findings reported by Valvi et al. (2019) and Solanki et al. (2023). Valvi et al. (2019) revealed that Alternaria brassicae obtained maximum radial growth (90.00 mm) on Potato dextrose agar media on the 7th day after inoculation. As documented by Solanki et al. (2023), Potato dextrose medium was found to be the most favorable for the growth of Alternaria brassicicola and Alternaria brassicae. 


Effect of different temperature on mycelial growth of Alternaria brassicicola
Among the five temperature treatments evaluated, the pathogen exhibited significantly the maximum mycelial growth at T3, 25 °C recording an average colony diameter of (82.24 mm). This was followed by T2, 20 °C which supported moderate growth measuring (63.17 mm). A further increase in temperature to T4, 30 °C resulted in reduced growth, with a recorded colony diameter of (44.01 mm). At T1, 15 °C the fungal growth was considerably lower (29.44 mm), indicating suboptimal conditions for mycelial development. The minimum growth was observed at T5, 35 °C where the mycelial diameter reached only (11.14 mm), suggesting that higher temperatures adversely affect the growth of the pathogen. These results align with earlier research conducted by Singh et al. (2015) and found that 25 °C was the most suitable temperature for Alternaria brassicicola growth, causing Alternaria leaf spot in cabbage, with a maximum mycelial growth diameter of (90 mm). Correspondingly, Kiran et al. (2018) cultured Alternaria brassicicola on PDA medium at temperatures ranging from 15 °C to 23 °C. They observed that the maximum radial growth of the pathogen occurred at 25 °C (9 cm), while complete inhibition of growth was recorded at 35 °C.
Table 2 Effect of Temperature on Mycelial Growth of Fungi

	T. No.
	Temperature (°C)
	Mycelial growth (mm) ± SE (m)

	T1
	15
	29.44±0.01

	T2
	20
	63.17±0.01

	T3
	25
	82.24±0.01

	T4
	30
	44.01±0.25

	T5
	35
	11.14±0.01

	SE(d)
	0.16

	C.D (0.05)
	0.34






Effect of different pH on mycelial growth of Alternaria brassicicola

The influence of different pH levels on the mycelial growth of the pathogen was evaluated by measuring mycelial growth on the 7th day of incubation. Among the treatments, the maximum mycelial growth was recorded at T2, pH 5 with an average colony diameter of (81.57 mm). This was followed by T3, pH 6 showing (78.83 mm) and T1, pH 4 with (64.29 mm) mycelial growth. Moderate growth was observed at neutral T4, pH 7 recording (45.34 mm). The minimum growth was noted at T5, pH 8 where the colony diameter was (41.45 mm). The findings of the present investigation are in accordant with those of Kabir et al. (2023), who reported that the pathogen Alternaria brassicae exhibited maximum radial growth at pH 5 (90 mm) followed by pH 4 (58.5 mm). Alam et al. (2023) concluded that Alternaria alternata exhibited the highest mycelial growth (43.6 mm) at pH 6, while pH 8 resulted in the lowest growth (12.2 mm) indicating that the fungus grows best in mildly acidic environments.
Table 3 Effect of pH on Mycelial Growth of Fungi

	T. No.
	pH
	Mycelial growth (mm) ± S.E. (m)

	T1
	4.0
	64.29±0.19

	T2
	5.0
	81.57±0.14

	T3
	6.0
	78.83±0.06

	T4
	7.0
	45.34±0.09

	T5
	8.0
	41.45±0.05

	S.E.(d)
	                                  0.17

	C.D (0.05)
	0.36



Conclusion 
In conclusion, Alternaria brassicicola, the necrotrophic pathogen associated with black leaf spot disease in cauliflower, exhibited significant variations in mycelial growth across different culture media, temperature regimes and pH levels after seven days of incubation. Potato Dextrose Agar supported maximum mycelial growth of A. brassicicola after seven days, attributable to its rich carbohydrate content and potato infusion. Optimal growth of pathogen occurred at 25 °C, indicating that extreme temperatures are unfavorable for fungal development. Among different pH ranges optimal mycelial growth of pathogen was achieved at pH 5, whereas higher alkaline pH levels were comparatively unfavorable for its growth and development.
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