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Survey, Cultural Characterization and Morphological Variability of Macrophomina phaseolina Causing Dry Root Rot in Mung-bean




Abstract- Mung-bean (Vigna radiata L. Wilczek) is a vital short-duration pulse crop in tropical and subtropical regions, valued for its high protein content and role in sustainable agriculture. However, dry root rot (DRR), caused by Macrophomina phaseolina (Tassi) Goid, poses a significant threat, particularly under high temperature and low soil moisture conditions. The present study was conducted in the Department of Plant Pathology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi, to assess DRR incidence, characterize the pathogen, and evaluate its growth under varied cultural conditions. Surveys across Bundelkhand revealed disease incidence ranging from 21.62% to 29.26%, with the highest in Naraini. Pathogenicity tests confirmed the virulence of the fungus, with maximum disease incidence (53.84%) observed under combined seed and soil inoculation. Cultural studies indicated that Potato Dextrose Agar supported maximum mycelial growth (89.54 mm) and abundant sclerotia production, followed by Richard’s Agar (83.45 mm), while Sabouraud’s Agar yielded the least growth (52.98 mm). The pathogen exhibited optimal growth at 30°C, with good growth also recorded at 35°C, and minimal growth at 15°C. These results highlight the pathogen’s adaptability to warm climates and provide baseline information for developing region-specific management strategies against DRR in mungbean.	Comment by Mahendra Meena: This information also mentioned in introduction and material method so, you remove from this part.
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Introduction- Mung-bean (Vigna radiata L. Wilczek) is a short-duration, protein-rich pulse crop of considerable nutritional and economic importance in tropical and subtropical regions. It contains 24–26% protein, a balanced profile of essential amino acids, and exhibits high digestibility, making it an integral component of human diets in Asia. In India, mungbean occupies approximately 5.5 million hectares, with an annual production exceeding 3 million tonnes (IIPR, 2023). Beyond its dietary significance, the crop contributes to sustainable agriculture through its nitrogen-fixing ability, short growth cycle, and suitability for crop diversification systems. In the Bundelkhand region of Uttar Pradesh, mungbean is predominantly cultivated during the kharif season under rainfed conditions, providing a vital source of food and income for small and marginal farmers. Among the biotic stresses affecting mungbean, dry root rot (DRR), caused by the soil-borne necrotrophic fungus Macrophomina phaseolina (Tassi) Goid, has emerged as a major yield-limiting factor. The disease is particularly severe under high temperature (30–35 °C) and low soil moisture conditions, where it can cause extensive damage. M. phaseolina has an exceptionally broad host range, infecting over 500 plant species, and survives in soil for extended periods as sclerotia, which enables persistence in the absence of a host (Iqbal & Mukhtar, 2014). In mungbean, DRR symptoms include pre- and post-emergence damping-off, root and collar rot, premature senescence, and plant death, with yield losses reported between 10% and 60% depending on environmental conditions (Choudhary et al., 2011; Singh et al., 2020). Effective management of DRR requires a sound understanding of the disease’s epidemiology, geographical distribution, and severity in different agro-ecological contexts. In addition, the study of cultural and morphological variability among M. phaseolina isolates is of paramount importance, as intraspecific diversity can influence pathogen virulence, adaptability, and responsiveness to management measures. Previous research has revealed considerable variability in colony morphology, growth rate, sclerotial characteristics, and physiological preferences, including temperature and pH optima (Kaur et al., 2012; Kumar et al., 2018).	Comment by Mahendra Meena: Write in italic
	Comment by Mahendra Meena: Write in italic	Comment by Mahendra Meena: Checked all that write in italic


Materials and Methods- The experiment was conducted in the Department of Plant Pathology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi–284128 (25.4503° N, 78.6165° E) during kharif 2024. A roving survey was carried out in major mungbean-growing districts of the Bundelkhand region to assess the incidence of root rot disease caused by Macrophomina phaseolina. Symptomatic plant samples were collected from farmers’ fields for pathogen isolation. The fungus was isolated using standard tissue isolation techniques on Potato Dextrose Agar (PDA) and purified through hyphal tip isolation. Pathogenicity tests were performed using seed and soil inoculation methods. Laboratory experiments were conducted to study the effect of different solid media and temperatures on mycelial growth and sclerotial production. Radial growth was measured after incubation, and sclerotial production was assessed qualitatively.
Laboratory Procedures- Borosilicate glassware, including Petri plates, conical flasks, measuring cylinders, test tubes, pipettes, glass slides, and cover slips, was used for experimentation. Glassware was cleaned using a chromic acid solution (potassium dichromate + concentrated sulphuric acid) for 24 h, scrubbed with cleanser, rinsed thoroughly with tap water, followed by distilled sterile water, and dried prior to use. Glassware was sterilized at 160–180 °C for 2 h in a hot air oven, while culture media and water were sterilized by autoclaving at 121 °C for 20 min. The laminar airflow chamber was disinfected with alcohol before use. A compound microscope (Olympus) was employed for morphological observations. Additional equipment included an incubator (27 ± 1 °C), single-pan electronic balance (sensitivity = 0.001 g), inoculation needles, camel hair brushes, scalpels, and loops.
Survey and Disease Assessment- A roving survey was conducted from August to October 2024 in major mungbean-growing districts of Bundelkhand, Uttar Pradesh—Jhansi, Lalitpur, Banda, and Chitrakoot—to assess root rot disease incidence. Ninety fields across 18 villages (five fields per village) were examined. In each field, diseased and healthy plants were counted, and per cent disease incidence (PDI) was calculated using the formula:	Comment by Mahendra Meena: Mention a short about this????
[bookmark: _Hlk205755487] 	Comment by Mahendra Meena: Write reference name
Pathogen Isolation and Purification- Root rot-affected plants were collected from surveyed fields. Infected root segments were washed, surface sterilized with 0.1% sodium hypochlorite for 1 min, rinsed thrice in sterile distilled water, and transferred aseptically to Potato Dextrose Agar (PDA) slants. Cultures were incubated at 27 ± 1 °C for 7 days. Pure cultures of Macrophomina phaseolina were obtained using the single hyphal tip isolation method and maintained on PDA at 4 °C, with sub-culturing every 20–25 days.	Comment by Mahendra Meena: Write in italic
Culture Media- PDA was used for culturing M. phaseolina and fungal bioagents (Trichoderma viride, T. harzianum), while Nutrient Agar (NA) was used for bacterial bioagents (Pseudomonas fluorescens, Bacillus subtilis). Media pH was adjusted to 6.8 prior to sterilization. PDA was prepared from peeled potatoes (200 g), dextrose (20 g), agar (20 g), and distilled water (1 L), following standard procedures.
Pathogenicity Test- Pathogenicity of M. phaseolina was confirmed using sorghum grain inoculum mixed into sterilized soil in earthen pots. Eighteen healthy mungbean seeds were sown per pot; control pots were without inoculum. Plants were observed for symptom development 45 days after sowing, and the pathogen was re-isolated and compared with the original culture.
Effect of Solid Media on Fungal Growth- Six solid media—Czapek’s Agar, Oat Meal Agar, Peptone Sucrose Agar, PDA, Richard’s Agar, and Sabouraud Agar—were evaluated for M. phaseolina growth and sclerotial formation. Petri plates (90 mm) containing 20 ml of sterilized medium were inoculated with a 5 mm mycelial disc from a 10-day-old culture and incubated at 27 ± 1 °C. Mycelial growth was measured diagonally at 3 to 7 days post-inoculation. Sclerotial production was recorded using a 0–4 scale: nil (–), poor (+), moderate (++), good (+++), excellent (++++) based on sclerotia counts per microscopic field.
Effect of Temperature on Fungal Growth- Colony growth and sclerotial production were assessed at six temperatures—15, 20, 25, 30, 35, and 40 °C—on PDA. Observations were recorded after 7 days of incubation.


Results and Discussion
Survey and Assessment of Root Rot Disease Incidence- A roving survey revealed that root rot caused by M. phaseolina was prevalent across all surveyed locations (Table.1, Fig.1). The average disease incidence across districts ranged from 21.62% in Lalitpur to 29.26% in Banda. Among tehsils, Naraini recorded the highest mean incidence (29.26%), followed by Moth (26.58%), Mau (22.07%), and Talbehat (21.62%). The overall mean incidence across the region was 24.88%. Discussions with farmers indicated that continuous mungbean cultivation for several years without crop rotation contributed to higher disease prevalence. These results are in line with earlier reports highlighting that M. phaseolina is highly prevalent in mungbean-growing areas across India and tends to occur more frequently under continuous cropping and drought-prone conditions (Sharma et al., 2018; Singh & Kumar, 2020). Trivedi et al. (2021) similarly observed disease incidence ranging between 18–32% in Bundelkhand villages, with higher prevalence in sandy soils and low-moisture areas. The widespread distribution of the pathogen underscores its adaptability and persistence in soil through sclerotia.	Comment by Mahendra Meena: You should also mention village name ….

Table 1: Survey and occurrence of root rot incidence in mung-bean at different locations in Bundelkhand region, U.P
	Sample No.
	Survey Code
	Districts
	Tehsils
	Villages
	PDI
	Average (%)

	1
	BUMP-01
	Jhansi
	moth

	Amraukh
	28.45
	26.58


	
	
	
	
	Atariya
	24.32
	

	
	
	
	
	Dhamna
	27.12
	

	
	
	
	
	Chirgaon
	22.43
	

	2
	BUMP-02
	Lalitpur

	Talbehat

	Sohsuti
	19.54
	21.62


	
	
	
	
	Madauna
	22.71
	

	
	
	
	
	Bar
	24.89
	

	
	
	
	
	Jhawar
	19.34
	

	3
	BUMP-03
	Banda

	Naraini

	Mahui
	31.78
	29.26


	
	
	
	
	Pipara
	27.54
	

	
	
	
	
	Kulsari
	28.69
	

	
	
	
	
	Durgapur
	28.03
	

	4
	BUMP-04
	Chitrakoot

	Mau

	Rampur
	23.12
	22.07

	
	
	
	
	Sikraun
	21.87
	

	
	
	
	
	Mau
	20.54
	

	
	
	
	
	Dadari
	22.76
	




Figure 1 Survey and occurrence of root rot incidence in mung-bean at different locations in Bundelkhand region, UP
Isolation, Purification, and Identification of the Pathogen- The pathogen isolated from symptomatic plants exhibited initial white mycelial growth on PDA, gradually turning brownish-black with age. Abundant black, hard sclerotia formed at colony margins after 10–15 days. Morphological characteristics confirmed the identity of the fungus as M. phaseolina. Pure cultures were maintained through hyphal tip isolation. Morphological descriptions recorded here are consistent with previous findings. Pawar et al. (2016) reported similar colony morphology of M. phaseolina from pulse crops, with profuse sclerotial formation giving colonies a dark appearance at maturity.	Comment by Mahendra Meena: This is part of material and methods
Pathogenicity of Macrophomina phaseolina- Pathogenicity tests confirmed the virulence of the isolates. Seed plus soil inoculation resulted in the highest disease incidence (32.74%) and lowest germination (72.22%), followed by soil-only inoculation (26.66% incidence; 83.33% germination). The uninoculated control recorded the highest germination (94.45%) with no disease symptoms. Typical symptoms, including seedling wilting, leaf chlorosis, and sclerotial development on roots and stems, were observed 30–40 days after sowing. These results validate Koch’s postulates and align with earlier pathogenicity tests conducted on mungbean and other legumes. Patel et al. (2017) reported that combined seed and soil inoculation enhanced disease incidence by providing higher inoculum potential, while control plants remained symptom-free. Similarly, Nene et al. (2019) confirmed that M. phaseolina infection significantly reduced seedling vigor and root health under greenhouse conditions.
Effect of Solid Media on Mycelial Growth and Sclerotial Production- Significant differences in radial growth and sclerotial formation were observed among the six media tested (Table 2, Fig. 2). PDA supported maximum mycelial growth (89.54 mm) and excellent (++++) sclerotial production, followed by Richard’s Agar (83.45 mm, ++++). Oat Meal Agar showed moderate efficacy (73.20 mm, +++), while Peptone Sucrose Agar recorded the least growth (59.28 mm) with poor (+) sclerotial production. These observations corroborate the reports of Rajput et al. (2018), who found PDA and Richard’s Agar to be the most suitable media for rapid growth and sclerotial development of M. phaseolina isolates from mungbean. Similarly, Meena and Singh (2015) noted that the availability of starch and dextrose in PDA promotes profuse mycelial growth and sclerotia formation, making it the preferred medium for laboratory studies.	Comment by Mahendra Meena: This sign not required if you already mention in material & methods
Table 2 Mycelial growth and sclerotial formation of Macrophomina phaseolina   on different solid media in vitro
	Sr.
No.
	Medium
	Average colony diameter (mm)
	Sclerotial formation*

	1
	Czapek’s Agar
	62.25
	++

	2
	Oat Meal Agar
	73.20
	+++

	3
	Peptone Sucrose Agar
	59.28
	+

	4
	Potato Dextrose Agar
	89.54
	++++

	5
	Richard’s Agar
	83.45
	++++

	6
	Sabouraud’s Agar
	52.98
	++


* + Poor, + + Moderate, + + + Good, + + + + Excellent


Figure 2 Growth of different isolates on the solid culture media
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Plate 1 Effect of different media on mycelial growth of Macrophomina phaseolina under In vitro condition
[bookmark: _Hlk196737621]Effect of Temperature on Mycelial Growth- Temperature had a marked influence on mycelial growth (Table 3, Fig. 3). All isolates exhibited maximum radial growth at 30 °C (88.16–89.60 mm), followed closely by 35 °C (84.93–88.57 mm). Suboptimal growth occurred at 25 °C, while minimal growth (21.78–31.60 mm) was observed at 15 °C. The results indicate an optimum temperature range of 30–35 °C for the growth of M. phaseolina. The findings are consistent with those of Gupta et al. (2016), who observed optimal radial growth of M. phaseolina at 30–35 °C. Singh et al. (2014) also reported that the pathogen thrives under warm temperatures and low soil moisture, conditions prevalent in Bundelkhand. This thermophilic nature of the pathogen contributes significantly to its epidemiological success in pulse-growing belts.
Table 3 Mycelial growth of M. phaseolina isolates at different temperature in vitro
	Sr.
NO
	Different
isolates
	Temperature/ Mycelial growth (mm)*

	
	
	15oC
	20oC
	25oC
	30oC
	35oC
	40oC

	1
	BUMP-01
	25.72
(30.44)
	56.01
(48.44)
	70.57
(57.14)
	89.60
(71.32)
	84.93
(67.16)
	79.38
(63.02)

	2
	BUMP-02
	21.78
(27.77)
	54.90
(47.80)
	69.52
(56.50)
	88.16
(69.96)
	86.17
(68.18)
	80.95
(64.14)

	3
	BUMP-03
	29.25
(32.70)
	55.77
(48.29)
	75.60
(60.39)
	88.73
(70.43)
	88.57
(70.31)
	78.78
(62.59)

	4
	BUMP-04
	29.52
(32.89)
	50.88
(45.49)
	76.55
(61.03)
	89.33
(71.03)
	86.77
(68.70)
	80.09
(63.53)

	5
	BUMP-05
	31.60
(34.17)
	53.04
(46.72)
	73.97
(59.32)
	87.77
(69.55)
	85.15
(67.34)
	79.22
(62.90)

	SEm±
	0.564
	0.679
	0.569
	0.662
	0.193
	0.207

	CD (P=0.05)
	1.867
	2.25
	1.885
	N/A
	0.638
	0.686

	CV
	3.542
	2.174
	1.346
	1.292
	0.387
	0.45


*Average of three replications
Figures in parentheses are angular transformed values

Figure 3 Growth of M. phaseolina isolate at different temperature
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Plate .2 Effect of different temperature on mycelial growth of Macrophomina phaseolina under In vitro conditions
Conclusion- The survey confirmed that root rot is widely prevalent in mungbean fields of Bundelkhand, particularly in areas with continuous cropping. Laboratory studies demonstrated that M. phaseolina grows best on nutrient-rich media (PDA, Richard’s Agar) and under warm temperature regimes (30–35 °C). These findings highlight the need for integrated disease management strategies to minimize pathogen build-up and crop losses.	Comment by Mahendra Meena: Mention review of literature
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Average colony diameter

CzaM	
62.25	OMA	
73.2	PSAM	
59.28	PDA	
89.54	RAM	
83.45	SAM	
52.98	Different culture media





Temprature/myclium growth

BUMP-01	15oC	20oC	25oC	30oC	35oC	40oC	25.72	56.01	70.569999999999993	89.6	84.93	79.38	BUMP-02	15oC	20oC	25oC	30oC	35oC	40oC	21.78	54.9	69.52	88.16	86.17	80.95	AUMB-03	15oC	20oC	25oC	30oC	35oC	40oC	29.25	55.77	75.599999999999994	88.73	88.57	78.78	BUMP-04	15oC	20oC	25oC	30oC	35oC	40oC	29.52	50.88	76.55	89.33	86.77	80.09	BUMP-05	15oC	20oC	25oC	30oC	35oC	40oC	31.6	53.04	73.97	87.77	85.15	79.22	
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