


Effect of temperature, pH and relative humidity on growth of Root rot disease of soybean
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Abstract
Rhizoctonia bataticola causal agent of root rot and charcoal rot in various pulses crops. Due to fluctuation of temperature and climatic disturbance in arid region is quite difficult to manage the root rot. Due to favorable weather circumstances, the disease spread widely across the state and resulting in significant yield losses. To reduce the number of sclerotia in soil or to minimize the contact of the inoculums and the host, six different temperature and four pH levels were tested for their suitability on mycelial growth and sclerotial formation of the Rhizoctonia bataticola in vitro conditions. Maximum mycelial growth (88.33 mm) was observed at 30 oC temperature followed by 25ºC (66.33 mm), 35ºC (64.00 mm), 20 ºC (54.33) and 40ºC (27.00 mm) and maximum dry mycelial diameter (86.25 mm) was observed at 6.5 pH followed by pH level 5.5, 7.5, and 8.5 with colony diameter 71.33, 55.58, mm and 47.00 mm of the R. bataticola respectively.
Keywords: Rhizoctonia bataticola, pH, temperature, root rot disease.
Introduction
[bookmark: _Hlk137720280][bookmark: _Hlk136549774]Soybean (Glycine max (L.) Merrill) possess a very high nutritional value. It belongs to Leguminosae family, sub-family Papilionoideae and genus Glycine. China is considered as the origin of soybean, it is predominantly cultivated in USA, Brazil, China, Argentina and India (Rathore, 1999). It has unmatched composition of 40 per cent protein and 20 per cent oil and nutritional fatty acids, carbohydrates, vitamins, minerals and 5 per cent fiber. In addition to this it also contains vitamins A, B, C, D, E, K and all other essential amino acids. Soybean meal or soybean cake resulting from oil extraction processes is used in feeding livestock, poultry and household pets. Soybean due to its various uses is called 'Wonder crop' and 'Golden gift' of nature to mankind. The epiphytotic incidence of charcoal rot of soybean in areas where temperature ranges from 35 to 40°C during the crop season and the disease may result in potential yield losses up to 80% (Gupta and Chauhan 2005). Khan et al. (2012) preserved the culture of Rhizoctonia bataticola at different temperature levels. Higher growth rate was recorded at 300C temperature followed by 35°C and minimum growth was noted at 10ºC.
Root rot of soybean is a prevalent and severe disease problem in Maharashtra and other states of India that vastly reduce yield. Disease symptoms usually appear under high temperature and low moisture or during unfavourable environmental situations cause stress to the plant. Fungi attack on root and disrupt proper functioning of plant to uptake water and other nutrients.
In this paper, we report the response of isolates of Rhizoctonia bataticola at different temperatures and pH on the growth and the disease development.
Materials and methods
The infected soybean plant showing typical symptoms of root rot like yellowing, sudden wilting were collected from Department of Plant Pathology, College of Agriculture, Ummedganj, (Kota). Collected samples of infected plant were brought to the laboratory for further investigations. Studies of the following physiological aspects Rhizoctonia bataticola were conducted in vitro.
Effect of temperature on growth of Rhizoctonia bataticola
To determine the minimum, optimum and maximum range of temperature for
mycelial growth of Rhizoctonia bataticola, PDA was poured into the petri plates and a 6 mm mycelial disc from actively growing culture of the fungus placed on the surface of solidified medium (20 ml for each petri plate) in a laminar air flow. The inoculated plates were incubated at different regimes of temperature viz., 15, 20, 25 30, 35 and 40±1°C in different BOD incubator. Three replications were maintained for each treatment. Radial growth of the colony was recorded by measuring colony diameter in millimetre at regular intervals of 96 hrs. The data obtained were analysed statistically.
Effect of hydrogen ion concentration (pH)
For determining the optimum level of pH for mycelial of Rhizoctonia bataticola, 100 ml of medium (PDA) was dispensed into the 5 Erlenmeyer flasks of 250 ml capacity and different regimes of pH viz., 5.5, 6.5, 7.5, and 8.5 were adjust by with the digital pH meter by using N/10 HCl or N/10 NaOH solution prior to sterilization. The sterilized medium was poured into petri plates after solidification. A 6 mm mycelial disc from actively growing culture of fungus was cut and placed on the surface of medium (20 ml for each petri plate) under aseptic condition. The inoculated plates were incubated at 25±1°C. Five replications were maintained for each treatment of pH level. Radial growth of the colony was recorded by measuring colony diameter in millimetre at regular intervals of 96 hrs. The data obtained were analysed statistically.
Results and Discussion
Temperature was known to have profound effect on the growth of fungal organism. Present studies were taken up to know the optimum, minimum and maximum temperature requirements for the growth of pathogen.
Effect of different temperature level on radial growth of R. bataticola
Temperature is one of the most critical environmental factors influencing the growth, survival, and pathogenic behavior of microorganisms. Each microorganism has a specific thermal range within which it can grow, reproduce, and express its pathogenic potential. In the case of plant pathogens, temperature not only affects the growth of the pathogen itself but also governs the dynamics of host–pathogen interactions, disease development, and epidemiology. Therefore, understanding the temperature requirements of Rhizoctonia bataticola is essential for predicting disease outbreaks and developing effective management strategies. In the present investigation, the effect of different temperature regimes on the radial growth of R. bataticola was studied under controlled laboratory conditions using potato dextrose agar (PDA) as the basal medium. Six temperature levels, namely 15, 20, 25, 30, 35, and 40°C, were selected to cover a broad spectrum ranging from low to relatively high thermal conditions. The observations on mycelial growth were recorded after a fixed incubation period and analyzed statistically to determine the optimum temperature for fungal development.

The results clearly indicated that R. bataticola possesses the ability to grow over a wide temperature range, from as low as 15°C to as high as 40°C. However, the extent of growth varied significantly across the tested temperatures, demonstrating the strong influence of thermal conditions on the metabolic activity and mycelial expansion of the pathogen. This adaptability to a broad temperature range highlights the ecological versatility of the fungus and explains its widespread occurrence in diverse agro-climatic regions.
Among the different temperature levels evaluated, the maximum radial growth of the fungus was observed at 30°C, where the colony diameter reached 88.33 mm. This growth was found to be statistically superior to all other temperature treatments, indicating that 30°C is the most favorable or optimum temperature for the growth of R. bataticola under in vitro conditions. At this temperature, the fungus exhibited vigorous mycelial development, suggesting that its enzymatic activities and physiological processes operate most efficiently in this thermal environment.
The second-highest growth was recorded at 25°C, with a colony diameter of 66.33 mm. Although this temperature supported substantial fungal growth, it was significantly lower than that observed at 30°C, indicating that even a slight deviation from the optimum temperature can reduce the growth rate of the pathogen. Similarly, at 35°C, the fungus showed a colony diameter of 64.00 mm, which was comparable to that at 25°C but still inferior to the optimum level. These observations suggest that R. bataticola can tolerate moderately high temperatures but does not achieve its maximum growth potential beyond 30°C.
At 20°C, the fungal growth was further reduced, with a colony diameter of 54.33 mm. This indicates that lower temperatures begin to impose constraints on the metabolic processes of the pathogen, leading to slower mycelial expansion. The reduction in growth at this temperature could be attributed to decreased enzymatic activity and limited nutrient uptake under cooler conditions.
A marked decline in growth was observed at the higher extreme of 40°C, where the colony diameter was restricted to 27.00 mm. Although the fungus was still able to grow at this temperature, the significantly reduced colony size indicates that such high temperatures are stressful and not conducive to optimal development. The inhibitory effect of high temperature may be due to denaturation of enzymes, disruption of cellular processes, and reduced stability of fungal structures. The lowest growth among all treatments was recorded at 15°C, where the colony diameter was only 38.33 mm. This temperature appears to be near the lower threshold for the growth of R. bataticola, resulting in slow and restricted mycelial development. The reduced growth at this level suggests that the pathogen is less adapted to cooler environments and performs poorly under such conditions.
Overall, the trend observed in this study clearly demonstrates that R. bataticola exhibits maximum growth at 30°C, with a gradual decline in growth as the temperature deviates either below or above this optimum point. The ability of the fungus to grow across a wide temperature range, albeit with varying efficiency, underscores its adaptability and potential to survive under different environmental conditions.
The findings of the present study are in close agreement with earlier research conducted by various scientists. Khan et al. (2012) studied the effect of temperature on the growth of R. bataticola and reported that the highest growth rate was achieved at 30°C. Their observations confirm that this temperature provides the most favorable conditions for the physiological and metabolic activities of the fungus.
Similarly, Ratul and Singh (2018) investigated the environmental factors influencing the incidence of Rhizoctonia root rot disease in gram and found that 30°C was the most suitable temperature for disease development. This suggests that the optimum temperature for fungal growth also coincides with the conditions that favor disease expression in the host plant, thereby emphasizing the importance of temperature in disease epidemiology.
Table-1 Effect of different temperature level on mycelial growth by R. bataticola, in vitro.
	S. No.
	Temperature
	Colony diameter in mm (96HAI) *

	1.
	[bookmark: _Hlk136288209]T1=15oC
	38.33

	2.
	[bookmark: _Hlk136288242]T2=20oC
	54.33

	3.
	[bookmark: _Hlk136288270]T3=25oC
	66.33

	4.
	[bookmark: _Hlk136288296][bookmark: _Hlk136288062]T4=30oC
	88.33

	5.
	[bookmark: _Hlk136288315]T5=35oC
	64.00

	6.
	[bookmark: _Hlk136288344]T6=40oC
	27.00

	S Em. ±
	
	0.88

	CD at 5%
	
	2.72


*Mean of three replications; HAI=Hours after inoculation.



Further supporting these findings, Calara et al. (2022) reported that dry root rot of chickpea caused by R. bataticola becomes particularly severe under conditions of moisture stress combined with temperatures exceeding 30°C. Their study highlights the role of high temperature in predisposing the host plant to infection and enhancing the aggressiveness of the pathogen. This indicates that while the fungus can grow at higher temperatures, its pathogenicity may be influenced by additional environmental factors such as soil moisture and host susceptibility.
More recently, Sunkad et al. (2023) observed that the maximum colony growth of R. bataticola and the highest severity of dry root rot disease in chickpea were recorded within the temperature range of 30–35°C. They identified this range as the optimum for both fungal growth and disease development. These findings are consistent with the results of the present study, where 30°C was identified as the most favorable temperature, followed by 35°C.
The consistency of results across different studies indicates that the temperature requirement of R. bataticola is relatively stable and well-defined. The optimum temperature of around 30°C appears to be a critical factor governing both the in vitro growth of the pathogen and its in vivo interaction with host plants. This information is particularly valuable for agricultural practices, as it can help predict periods of high disease risk and guide the implementation of timely management strategies.
From an ecological and epidemiological perspective, the ability of R. bataticola to grow over a wide temperature range, coupled with its preference for warm conditions, explains its prevalence in tropical and subtropical regions. In areas where temperatures frequently approach or exceed 30°C, especially during the cropping season, the pathogen can proliferate rapidly and cause significant damage to susceptible crops such as chickpea.
In conclusion, the present study demonstrates that temperature plays a crucial role in regulating the growth of R. bataticola. The fungus exhibits maximum radial growth at 30°C, which is identified as the optimum temperature for its development. Growth decreases progressively at temperatures below and above this level, with the least growth observed at 15°C and significantly reduced growth at 40°C. These findings, supported by earlier studies, provide valuable insights into the thermal biology of the pathogen and contribute to a better understanding of its behavior under varying environmental conditions. Such knowledge is essential for developing effective disease forecasting models and implementing integrated disease management practices.

Fig.-1 Effect of different temperature level on mycelial growth of R. bataticola
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   T1=15oC, T2=20oC, T3=25oC, T4=30oC, T5=35oC, T6=40oC
Plate 1: Effect of different temperature level on mycelial growth of R. bataticola.
Effect of different pH level on mycelial growth of R. bataticola
The hydrogen ion concentration (pH) of the growth medium plays a critical role in influencing the physiological and metabolic activities of fungal pathogens, thereby directly affecting their growth, development, and pathogenic potential. In the present investigation, the impact of different pH levels on the radial growth of Rhizoctonia bataticola was systematically evaluated under controlled laboratory conditions. The study was conducted using Potato Dextrose Agar (PDA) medium, which was adjusted to four distinct pH levels, namely 5.5, 6.5, 7.5, and 8.5, to assess the suitability of each level for fungal growth. The observations pertaining to colony diameter and growth characteristics were carefully recorded and statistically analyzed, and the findings are summarized in Table 2, with visual representation provided in Plate 2.
The results of the experiment clearly demonstrated that the growth of R. bataticola varied significantly across the tested pH levels, indicating a strong dependence of the fungus on the acidity or alkalinity of the medium. Among the different treatments, the fungus exhibited the highest radial growth at pH 6.5, where the mean colony diameter reached 86.25 mm. This level was found to be statistically superior to all other pH treatments, suggesting that a slightly acidic to near-neutral environment is most conducive for the optimal growth of this pathogen. The luxuriant growth observed at pH 6.5 may be attributed to the favorable biochemical and enzymatic conditions that support efficient nutrient absorption, enzyme activity, and cellular metabolism in the fungus.
Following pH 6.5, the next best growth was observed at pH 5.5, where the colony diameter measured 71.33 mm. Although slightly lower than the maximum, this result still indicates that the fungus can thrive reasonably well under moderately acidic conditions. However, a noticeable decline in growth was recorded as the pH shifted towards neutrality and alkalinity. At pH 7.5, the colony diameter decreased to 55.58 mm, reflecting a reduction in mycelial expansion compared to the more acidic treatments. The least growth was observed at pH 8.5, where the colony diameter was restricted to 47.00 mm, indicating that alkaline conditions are less favorable for the development of R. bataticola.
The trend observed in the present study clearly highlights that both an increase and a decrease in pH from the optimal level (6.5) significantly effective the growth of the pathogen. This suggests that R. bataticola has a narrow pH range within which it can achieve maximum growth, and any deviation from this range leads to suboptimal physiological functioning. The reduction in growth at higher pH levels could be due to alterations in membrane permeability, enzyme denaturation, or reduced availability of essential nutrients, all of which can adversely affect fungal metabolism. Similarly, excessively acidic conditions, although still supportive to some extent, may also limit growth due to stress on cellular processes.
The influence of pH on fungal growth is closely associated with its effect on enzymatic activities, nutrient solubility, and ion availability. Fungi generally exhibit optimal growth within a specific pH range that supports the stability and activity of enzymes involved in metabolic pathways. In the case of R. bataticola, the findings indicate that the organism prefers a slightly acidic environment for its growth and proliferation. This preference may be linked to the natural soil conditions where the pathogen is commonly found, as many agricultural soils tend to have a pH range that is slightly acidic to neutral.
The results of the present investigation are in close agreement with earlier studies conducted by various researchers on similar pathogens. For instance, Bhupathi and Theradimani (2018) reported that pH 7.0 was most favorable for the growth of Macrophomina phaseolina, irrespective of the isolates tested. Their findings suggest that near-neutral pH conditions support maximum fungal activity, which aligns closely with the observations of the current study, where optimal growth was recorded at pH 6.5. Although there is a slight variation in the exact pH value, both studies emphasize the importance of a narrow optimal range for fungal development.
Similarly, Thombre and Kohire (2018) observed that Macrophomina phaseolina was capable of growing and sporulating within a pH range of 5 to 8. This indicates that the fungus has a relatively broad tolerance to pH variations, although its maximum growth still occurs within a specific optimal range. The present findings also support this observation, as R. bataticola demonstrated the ability to grow across all tested pH levels, albeit with varying degrees of efficiency. The reduction in growth at extreme pH levels further confirms that while the fungus can tolerate a range of conditions, its performance is significantly प्रभावित when the environment deviates from the optimum. In another study, Khendkar and Deshpande (2020) investigated the growth behavior of Rhizoctonia bataticola in soybean and reported that the pathogen exhibited variable growth within a pH range of 7 to 10. Their findings suggest that the fungus can adapt to slightly alkaline conditions, although the degree of growth may vary depending on other environmental factors and host interactions. In contrast, the present study recorded reduced growth at higher pH levels, particularly at pH 8.5, indicating that extreme alkalinity may not be ideal for the pathogen under in vitro conditions. This difference may be attributed to variations in experimental conditions, substrate composition, or fungal isolates.


Table 2: Effect of different pH level on mycelial growth by R. bataticola, in vitro at 30±1℃.

	S. No.
	pH level
	Colony diameter in mm (96HAI) *

	1.
	T1= 5.5
	71.33

	2.
	T2= 6.5
	86.25

	3.
	T3= 7.5
	55.58

	4.
	T4= 8.5
	47.00

	S Em. ±
	
	1.32

	    CD at 5%
	
	4.05


*Mean of five replications; HAI=Hours after inoculation



Fig.2- Effect of different pH level on mycelial growth of R. bataticola
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T1= 5.5, T2= 6.5, T3= 7.5, T4= 8.8
Plate-2 Effect of different pH level on mycelial growth of R. bataticola.
Furthermore, Sathe and Kamble (2021) also reported that pH 6.5 was the most suitable for the mycelial growth of R. bataticola, which strongly corroborates the findings of the present investigation. Their study reinforces the conclusion that a slightly acidic pH provides the most favorable environment for the growth and development of this pathogen. The consistency of these results across different studies highlights the reliability of the observed trend and underscores the importance of pH as a critical factor influencing fungal biology. The practical implications of these findings are significant, particularly in the context of disease management and agricultural practices. Since soil pH can influence the survival and activity of soil-borne pathogens like R. bataticola, understanding the optimal pH conditions for fungal growth can help in developing effective strategies to suppress disease incidence. For example, modifying soil pH through the application of amendments such as lime or sulfur may help create unfavorable conditions for the pathogen, thereby reducing its growth and spread. Additionally, selecting crop varieties that can tolerate or thrive under specific pH conditions may also contribute to improved disease resistance.
It is also important to consider that the interaction between pH and other environmental factors, such as temperature, moisture, and nutrient availability, can further influence fungal growth. Therefore, while pH plays a crucial role, it should be studied in conjunction with other parameters to gain a comprehensive understanding of pathogen ecology. Future research may focus on exploring the combined effects of multiple environmental factors on the growth and pathogenicity of R. bataticola to develop more integrated disease management approaches. In conclusion, the present study clearly demonstrates that the pH of the growth medium has a profound effect on the radial growth of Rhizoctonia bataticola. Among the tested levels, pH 6.5 was found to be the most favorable for maximum mycelial growth, followed by pH 5.5, 7.5, and 8.5. The results indicate that both acidic and alkaline deviations from the optimal pH significantly effective fungal growth, highlighting the sensitivity of the pathogen to changes in environmental conditions. These findings are in agreement with previous studies and contribute valuable insights into the biology and ecology of the pathogen, which can be utilized for developing effective disease management strategies.
CONCLUSIONS
	Overall the pathogen associated with root rot of soyabean was grow best on Potato dextrose agar media as well as Mycelium growth was maximum on potato dextrose agar (Natural) (88.00 mm), at 30°C temperature (87.02 mm) & pH level 6.5 (82.63 mm).
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