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Abstract:  Turmeric (Curcuma longa), a widely cultivated medicinal crop, is highly susceptible to fungal 

infections that impact its yield and quality. This study aimed to isolate and characterize pathogenic fungi from 

infected turmeric rhizomes and leaves collected across nine talukas in the Parbhani district. Morphological 

and microscopic identification revealed ten fungal species: Alternaria alternata, Aspergillus flavus, 

Aspergillus niger, Colletotrichum curcumae, Colletotrichum gloeosporiodes, Curvularia lunata, Fusarium 

oxysporum, Fusarium proliferatum, Fusarium solani and Rhizoctonia solani. The hydrolytic enzyme activity 

of the fungal isolates was assessed to evaluate their pathogenic potential. Cellulase and protease activity were 

quantified using spectrophotometric assays, revealing significant enzymatic variability among species. 

Colletotrichum gloeosporioides, Colletotrichum capsici, and Pythium aphanidermatum exhibited the highest 

cellulase and protease activities, suggesting a strong capacity for tissue degradation and pathogenicity. 

Fusarium solani, Fusarium proliferatum, and Rhizoctonia solani also demonstrated considerable enzymatic 

activity, further supporting their role in host tissue colonization. In contrast, Aspergillus flavus and 

Aspergillus niger exhibited lower enzyme activity, indicating the possibility of alternative pathogenic 

mechanisms. The results highlight the role of hydrolytic enzymes in fungal virulence, contributing to turmeric 

crop deterioration. Understanding these enzymatic capabilities can aid in developing targeted disease 

management strategies. This study provides essential knowledge into the pathogenic behaviour of fungal 

isolates, offering a foundation for future research on biocontrol approaches and resistant cultivar development 

to mitigate turmeric diseases. 

 

Index Terms - Curcuma longa, pathogenic fungi, hydrolytic enzyme, cellulase, protease. 

I. INTRODUCTION 

Turmeric (Curcuma longa L.), a rhizomatous herbaceous plant belonging to the Zingiberaceae family, 

is widely cultivated for its medicinal, culinary, and industrial applications (Kaliyadasa & Samarasinghe, 

2019). It is valued for its bioactive compounds, particularly curcuminoids, which exhibit antimicrobial, 

antioxidant, and anti-inflammatory properties (Rubió et al., 2013). However, turmeric production is often 

compromised by fungal infections, which significantly affect yield and quality (Kumar, 2023). Various soil-

borne and foliar fungal pathogens infect turmeric, leading to rhizome rot, leaf spot, and wilting diseases, 

ultimately causing economic losses to farmers (Sagar, 2006). 

Fungal pathogens exert their virulence through the secretion of hydrolytic enzymes, which play a 

crucial role in host tissue colonization and disease progression (Schaller et al., 2005). Among these, cellulase 

and protease are key enzymes responsible for degrading plant cell wall components and host proteins, 

facilitating fungal invasion (Lorrai & Ferrari, 2021). Cellulase hydrolyzes cellulose into glucose monomers, 
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weakening the structural integrity of plant cell walls, while protease degrades host proteins, disrupting cellular 

function and enhancing fungal pathogenicity (Lorrai & Ferrari, 2021). The enzymatic activity of different 

fungal species varies, influencing the extent of damage caused to the host plant (Usha Rani & Jyothsna, 2010). 

Several fungal species have been reported to be associated with turmeric diseases, including Fusarium 

spp., Colletotrichum spp., Alternaria alternata, Rhizoctonia solani, and Aspergillus spp. (Fulano, 2016). These 

pathogens are known to produce hydrolytic enzymes that contribute to pathogenicity, making their 

identification and characterization critical for disease management strategies. Understanding the enzymatic 

activity of these fungi can provide knowledge into their virulence mechanisms and aid in developing targeted 

control measures (Shahid et al., 2012). 

The present study aims to isolate and morphologically identify fungal pathogens from infected 

turmeric rhizomes collected from nine talukas in the Parbhani district. Furthermore, the study investigates the 

hydrolytic enzyme activities, specifically cellulase and protease, of the isolated fungi to assess their role in 

host tissue degradation. The results will contribute to a better understanding of the pathogenic potential of 

these fungi, facilitating the development of effective disease management strategies for turmeric cultivation; 

II. MATERIALS AND METHODS  

2.1. Isolation of Fungi from the Explant 

Fungi were isolated from Curcuma longa (turmeric) explants collected from nine talukas in Parbhani 

district. The infected leaf and rhizome samples were first surface-sterilized to eliminate external contaminants. 

After sterilization, small sections (5 mm) containing both healthy and infected tissues were excised and placed 

on sterile water agar medium supplemented with streptomycin (100 μg/ml) to prevent bacterial contamination. 

The infected portion was embedded within the agar, while the healthy section remained on the surface to 

promote fungal growth. The plates were then sealed with paraffin tape to maintain sterility and incubated at 

28°C for five days or until fungal growth was observed. This method ensured the successful isolation of 

pathogenic fungi while minimizing bacterial interference, facilitating accurate identification and further 

analysis (Richardson & Fedoroff, 2001). Once isolated, the fungal cultures were assessed for hydrolytic 

enzyme activity, specifically cellulase and protease, to determine their potential for tissue degradation and 

pathogenicity. These enzymatic assays provided knowledge into the role of fungi in disease progression by 

evaluating their ability to break down plant cell walls and proteins. 

2.2. Hydrolytic Enzyme Activity 

Hydrolytic enzymes produced by fungi are crucial for their adaptability in environments where 

nutrients may not be readily available (Magan, 2007). These enzymes enable fungi to degrade carbon sources 

present in host materials, converting them into usable energy. The presence of genes coding for these enzymes 

and their expression can vary depending on environmental factors. Studying the production of these hydrolytic 

enzymes is essential for characterizing the pathogenicity of fungal isolates. 

2.2.1. Quantitative estimation of Cellulase  
The cellulase activity in healthy and pathogen-infected turmeric rhizomes was assessed using a 

spectrophotometric method (Shuangqi et al., 2011). Turmeric rhizome tissues, both healthy and infected, were 

collected and homogenized in ice-cold 50 mM sodium acetate buffer (pH 5.0) at a ratio of 1 g tissue per 5 mL 

buffer. The homogenate was centrifuged at 12,000 rpm for 15 minutes at 4°C, and the supernatant was collected 

as the crude cellulase extract. A 1% (w/v) solution of carboxymethyl cellulose (CMC) in 50 mM sodium acetate 

buffer (pH 5.0) was prepared as the substrate. For the assay, 0.5 mL of enzyme extract was mixed with 0.5 mL 

of the CMC solution and incubated at 50°C for 30 minutes. The reaction was stopped by adding 1.0 mL of 

dinitrosalicylic acid (DNS) reagent, which was used to estimate the reducing sugars released due to cellulase 

activity. The reaction mixture was then heated in a boiling water bath for 10 minutes to develop the color and 

subsequently cooled to room temperature. Absorbance was measured at 540 nm using a UV-Vis 

spectrophotometer. A blank containing only substrate and DNS reagent (without enzyme extract) was used for 

baseline correction. Negative controls, in which the enzyme extract was inactivated by boiling for 5 minutes 

prior to the assay, were also included to account for non-enzymatic reactions. A glucose standard curve, 

prepared using known concentrations of glucose ranging from 0.1 to 1.0 mg/mL, was used to quantify the 

reducing sugars released. Cellulase activity was calculated as the amount of reducing sugar released, expressed 

in µmol per minute per gram of fresh weight (U/g FW) or per milligram of protein (U/mg protein). This analysis 

provided a comparison of cellulase activity between healthy and infected rhizomes, revealing the potential 

physiological impacts of pathogen infection on cellulase production. 

2.2.2. Quantitative estimation of Protease  

The quantitative determination of protease activity, along with the assessment of pectinase activity in 

healthy and pathogen-infected turmeric rhizomes, was carried out using spectrophotometric methods. Protease 

activity was measured as per the method of McDonald and Chen (1965). The reaction mixture consisted of 0.5 
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mL of crude extract containing a known amount of protein (50 µg) in Tris–HCl buffer (50 mM, pH 7.2) and 

0.5 mL of casein (2% w/v) dissolved in citrate-phosphate buffer (50 mM, pH 6.8). The mixture was incubated 

at 37°C for 1 hour. The reaction was terminated by adding 1 mL of 10% (w/v) ice-cold trichloroacetic acid 

(TCA). Unhydrolyzed casein was removed by centrifugation at 5,000 rpm for 5 minutes. An aliquot (0.5 mL) 

of the supernatant was mixed with 2.5 mL of a reagent containing 2.9% sodium carbonate and 0.3 N sodium 

hydroxide, followed by the addition of 0.75 mL of Folin–Ciocalteu’s phenol reagent (diluted 1:3 with distilled 

water). The samples were incubated at 37°C for 20 minutes, and absorbance was recorded at 650 nm using a 

UV-Vis spectrophotometer (Ultra Spec 1100 Pro, Amersham Pharmacia Biotech, US). A standard curve 

constructed using tyrosine was used to quantify the protease activity. One unit of protease activity was defined 

as the amount of enzyme that liberates 1 µmol of tyrosine equivalent per minute under the specified assay 

conditions.  

III. RESULTS AND DISCUSSIONS 

3.1. Morphological identification of fungi 

The fungal hyphae and spore structures were distinct in identifying the fungal species. Through detailed 

microscopic examination, the morphological characteristics of the hyphae, such as branching patterns, 

septation, and pigmentation, along with the spore morphology including shape, size, and arrangement, were 

analyzed and found to be Alternaria alternata, Aspergillus flavus, Aspergillus niger, Colletotrichum curcumae, 

Colletotrichum gloeosporiodes, Curvularia lunata, Fusarium oxysporum, Fusarium proliferatum, Fusarium 

solani and Rhizoctonia solani. 

3.2. Study of hydrolytic enzymes 

3.2.1. Cellulase 

The cellulase activity of fungal isolates from turmeric rhizomes exhibited significant variability, 

reflecting the cellulolytic potential of each species and their contribution to pathogenicity. The highest cellulase 

activity was recorded in Colletotrichum gloeosporioides (36.8 ± 0.05 U/mg protein), followed by 

Colletotrichum curcumae (33.73 ± 0.07 U/mg protein), which showed their strong enzymatic capability to 

degrade cellulose as shown in table 1 and figure 1. Curvularia lunata showed an activity of 30.77 ± 0.07 U/mg 

protein, closely followed by Fusarium solani (30.27 ± 0.1 U/mg protein) and Fusarium proliferatum (29.6 ± 

0.09 U/mg protein). Rhizoctonia solani displayed a cellulase activity of 29.63 ± 0.03 U/mg protein, while 

Alternaria alternata and Fusarium oxysporum exhibited similar activities of 28.47 ± 0.17 U/mg protein and 

28.43 ± 0.07 U/mg protein, respectively. Aspergillus flavus and Aspergillus niger showed comparatively lower 

activities of 25.7 ± 0.09 U/mg protein and 24.57 ± 0.07 U/mg protein, respectively, but still notably higher than 

the baseline. In contrast, the healthy rhizome demonstrated significantly lower cellulase activity at 10.3 ± 0.05 

U/mg protein, representing the basal enzymatic levels in non-infected tissue. The negative control and blank 

samples exhibited minimal or no activity at 1.33 ± 0.12 U/mg protein and 0 ± 0 U/mg protein, respectively, 

confirming the accuracy of the experimental conditions. The highest cellulase activity was observed in 

Colletotrichum gloeosporioides and Colletotrichum curcumae, the results were similar when Lakshmesha et 

al. (2005) did the study of hydrolytic enzymes on capsicum. Therefore, it reflected their strong enzymatic 

ability to degrade cellulose.  This heightened activity suggested an important role in tissue maceration and 

pathogenesis, as cellulase is a key enzyme for breaking down plant cell walls and facilitating fungal invasion 

(Reignault et al., 2008). Curvularia lunata, Fusarium solani, and Fusarium proliferatum exhibited substantial 

cellulase activity, further supporting their capacity to degrade host cell walls and contribute to disease 

progression. Studies carried out by Vinayarani and Prakash (2018), on the effect fungal endophytes of Curcuma 

longa against the pathogens Curvularia lunata and Rhizoctonia solani aligned with the present study. The high 

cellulolytic potential of these species aligns with their known pathogenic behavior in various crops, including 

turmeric. Rhizoctonia solani, Alternaria alternata, and Fusarium oxysporum displayed moderate cellulase 

activities, which, although lower than those of Colletotrichum species, still indicated their potential to 

compromise plant tissue integrity. Research done by Dwivedi (2015), suggested that cellulase activity 

increased when the diseased brinjal and tomato affected by Fusarium oxysporum and Fusarium solani, which 

contrasted with the present study. These results suggest a varying degree of dependency on cellulase-mediated 

degradation for pathogenicity among different fungal isolates (Sornakili et al., 2020). In contrast, Aspergillus 

flavus and Aspergillus niger exhibited relatively lower cellulase activity, indicating that their pathogenic 

mechanisms might rely on other enzymatic or non-enzymatic factors. In contrast, studies by Bamidele and 

Oladiti (2013), investigated that highest cellulase acvtivity was seen by Aspergillus niger cultured on potato 

peels. The comparatively low activity of these species does not negate their pathogenicity but rather highlights 

the diverse arsenal of tools employed by fungi to infect host plants (Doohan & Zhou, 2017). 
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Table 1 Cellulase activity (U/mg) of isolated fungi 

Sample Cellulase activity (U/mg protein) 

Healthy Rhizome 10.30 ± 0.05 

Alternaria alternata 28.47 ± 0.17 

Aspergillus flavus 25.70 ± 0.09 

Aspergillus niger 24.57 ± 0.07 

Colletotrichum curcumae 33.73 ± 0.07 

Colletotrichum gloeosporioides 36.80 ± 0.05 

Curvularia lunata 30.77 ± 0.07 

Fusarium oxysporum 28.43 ± 0.07 

Fusarium proliferatum 29.60 ± 0.09 

Fusarium solani 30.27 ± 0.10 

Rhizoctonia solani 29.63 ± 0.03 

Negative Control 1.33 ± 0.12 

Blank 0.00 ± 0.00 

Mean values followed by ±  is the standard error of the mean 

 

 

 
Figure 1 Cellulase activity (U/mg) of isolated fungi 

3.2.1 Protease  

The protease activity of fungal isolates from turmeric rhizomes revealed substantial differences among 

the species, underscoring their proteolytic potential and contribution to pathogenicity as shown in table 2 and 

figure 2. The highest protease activity was observed in Colletotrichum gloeosporioides (60.57 ± 0.05 U/mL 

protein), followed by Colletotrichum capsici (55.2 ± 0.05 U/mL protein) and Curvularia lunata (53.7 ± 0.09 

U/mL protein), indicating their strong ability to hydrolyze proteins. Fusarium solani displayed an activity of 

52.77 ± 0.19 U/mL protein, while Fusarium proliferatum and Rhizoctonia solani exhibited similar activities 

of 50.3 ± 0.05 U/mL protein and 49.7 ± 0.05 U/mL protein, respectively. Fusarium oxysporum and Alternaria 

alternata demonstrated moderate protease activities of 48.63 ± 0.07 U/mL protein and 46.43 ± 0.15 U/mL 

protein, respectively. Aspergillus flavus and Aspergillus niger showed comparatively lower activities of 42.63 

± 0.1 U/mL protein and 40.7 ± 0.05 U/mL protein, respectively, although significantly higher than the basal 

level. The healthy rhizome displayed a protease activity of 18.77 ± 0.19 U/mL protein, representing the normal 

enzymatic activity in uninfected tissue. The negative control exhibited minimal protease activity at 2.3 ± 0.16 

U/mL protein, while the blank recorded no activity (0 ± 0 U/mL protein), confirming the validity of the assay. 

The highest protease activity was recorded in Colletotrichum gloeosporioides, followed by Colletotrichum 

capsici and Curvularia lunata, indicating their strong ability to hydrolyze proteins. The studies done by 

Muthukumar et al. (2016), aligned with the present study which recorded increased protease activity in 

solanaceous vegetables on pythium attack. This high enzymatic activity emphasized their aggressive 

pathogenic behavior, as proteases play a crucial role in breaking down host proteins, facilitating tissue 

colonization, and suppressing host defenses (Ramírez-Larrota & Eckhard, 2022). Fusarium solani, Fusarium 

proliferatum, and Rhizoctonia solani displayed substantial protease activities, further supporting their ability 

to degrade host proteins and contribute to infection. The comparable activity levels of these fungi suggested 
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a shared reliance on protease-mediated degradation as a pathogenic strategy. The results aligned with Li et al. 

(2017) who studies the protease activity of Fusarium proliferatum on banana fruit. Moderate protease 

activities were observed in Fusarium oxysporum and Alternaria alternata. These findings indicate that these 

species may rely on a combination of enzymatic and other factors to establish infection. The results aligned 

with the research carried out by Ramírez-Cariño et al. (2020), who investigated the biocontrol of Alternaria 

alternata and Fusarium proliferatum on tomato plant. In contrast, Aspergillus flavus and Aspergillus niger 

exhibited relatively lower protease activities, although their activity levels were still significantly higher than 

those of healthy rhizome tissues. In contrast to the present study, research done by Asis et al. (2009), stated 

that protease activity was higher in Aspergillus flavus and A. parasiticus on peanut seed infection. 

 

 

Table 1 Protease activity (U/mL) of isolated fungi 

Sample Cellulase activity (U/mg protein) 

Healthy Rhizome 18.77 ± 0.19 

Alternaria alternata 46.43 ± 0.15 

Aspergillus flavus 42.63 ± 0.10 

Aspergillus niger 40.70 ± 0.05 

Colletotrichum curcumae 55.20 ± 0.05 

Colletotrichum gloeosporioides 60.57 ± 0.05 

Curvularia lunata 53.70 ± 0.09 

Fusarium oxysporum 48.63 ± 0.07 

Fusarium proliferatum 50.30 ± 0.05 

Fusarium solani 52.77 ± 0.19 

Rhizoctonia solani 49.70 ± 0.05 

Negative Control 2.30 ± 0.16 

Blank 0.00 ± 0.00 

 

 
Figure 2 Protease activity (U/mL) of isolated fungi 

IV. CONCLUSION 

This study successfully isolated and identified pathogenic fungi associated with turmeric (Curcuma 

longa) infections from nine talukas in the Parbhani district. The morphological and microscopic 

characterization revealed ten fungal species, including Alternaria alternata, Aspergillus flavus, Aspergillus 

niger, Colletotrichum curcumae, Colletotrichum gloeosporiodes, Curvularia lunata, Fusarium oxysporum, 

Fusarium proliferatum, Fusarium solani and Rhizoctonia solani. The quantitative assessment of hydrolytic 

enzyme activity showed that cellulase and protease production varied significantly among the isolates, directly 

influencing their pathogenic potential. Colletotrichum gloeosporioides, Colletotrichum curcumae, and 

Curvularia lunata exhibited the highest cellulase and protease activities, indicating their strong ability to 

degrade plant tissues and facilitate infection. Moderate enzyme activity observed in Fusarium and Rhizoctonia 

species suggested their involvement in disease progression through enzymatic degradation. In contrast, 

http://www.ijcrt.org/


www.ijcrt.org                                                       © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882 

IJCRT2507151 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b353 
 

Aspergillus flavus and Aspergillus niger showed lower enzyme activity, implying alternative pathogenic 

mechanisms.  

V. ACKNOWLEDGMENT 

The authors would like to thank Dr. Babasaheb Ambedkar Marathwada University for providing the 

literature and R. B. Attal Arts, Science and Commerce College, Georai for providing infrastructure to carrying 

out this research. 

REFERENCES 

[1] Asis, R., Muller, V., Barrionuevo, D., Araujo, S., & Aldao, M. (2009). Analysis of protease activity in 

Aspergillus flavus and A. parasiticus on peanut seed infection and aflatoxin contamination. European 

Journal of Plant Pathology, 124, 391–403. 

[2] Bamidele, A. J., & Oladiti, O. O. (2013). Investigation of the cellulases production by Aspergillus niger 

NSPR002 in different cultivation conditions. Innovative Romanian Food Biotechnology, 13, 71–79. 

[3] Doohan, F., & Zhou, B. (2017). Fungal pathogens of plants. In Fungi: Biology and Applications, 355–

387. 

[4] Dwivedi, S. (2015). In vitro cellulase activity of two wilt causing soil fusaria (Fusarium solani and F. 

oxysporum f. sp. lycopersici) and efficacy of some pesticides against the said fusaria. Journal of Applied 

Horticulture, 17(1). 

[5] Fulano, A. M. (2016). Management of pests and diseases in snap beans by use of microbial antagonists 

and plant extracts. University of Nairobi [Doctoral Thesis]. 

[6] Kaliyadasa, E., & Samarasinghe, B. A. (2019). A review on golden species of Zingiberaceae family around 

the world: Genus Curcuma. African Journal of Agricultural Research, 14(9), 519–531. 

[7] Kumar, A. (2023). Diseases of Ginger and Turmeric. In Handbook of Spices in India: 75 Years of Research 

and Development, 3675–3707. Springer. 

[8] Lakshmesha, K., Lakshmidevi, N., & Mallikarjuna, S. A. (2005). Changes in pectinase and cellulase 

activity of Colletotrichum capsici mutants and their effect on anthracnose disease on capsicum fruit. 

Archives of Phytopathology and Plant Protection, 38(4), 267–279. 

[9] Li, T., et al. (2017). Application of proteomics for the investigation of the effect of initial pH on pathogenic 

mechanisms of Fusarium proliferatum on banana fruit. Frontiers in Microbiology, 8, 2327. 

[10] Lorrai, R., & Ferrari, S. (2021). Host cell wall damage during pathogen infection: Mechanisms of 

perception and role in plant-pathogen interactions. Plants, 10(2), 399. 

[11] Magan, N. (2007). Fungi in extreme environments. In The Mycota, 4, 85–103. 

[12] McDonald, C., & Chen, L. L. (1965). The Lowry modification of the Folin reagent for determination of 

proteinase activity. Analytical Biochemistry, 10(1), 175–177. 

[13] Muthukumar, A., Udhayakumar, R., & Naveenkumar, R. (2016). Eco-friendly management of damping-

off of solanaceous crops caused by Pythium species. In Current Trends in Plant Disease Diagnostics and 

Management Practices, 49–90. 

[14] Ramírez-Cariño, H. F., et al. (2020). Biocontrol of Alternaria alternata and Fusarium oxysporum by 

Trichoderma asperelloides and Bacillus paralicheniformis in tomato plants. Antonie van Leeuwenhoek, 

113(9), 1247–1261. 

[15] Ramírez-Larrota, J. S., & Eckhard, U. (2022). An introduction to bacterial biofilms and their proteases, 

and their roles in host infection and immune evasion. Biomolecules, 12(2), 306. 

[16] Reignault, P., Valette-Collet, O., & Boccara, M. (2008). The importance of fungal pectinolytic enzymes 

in plant invasion, host adaptability and symptom type. European Journal of Plant Pathology, 120, 1–11. 

[17] Rubió, L., Motilva, M.-J., & Romero, M.-P. (2013). Recent advances in biologically active compounds 

in herbs and spices: A review of the most effective antioxidant and anti-inflammatory active principles. 

Critical Reviews in Food Science and Nutrition, 53(9), 943–953. 

[18] Sagar, S. D. (2006). Investigations on the etiology, epidemiology and integrated management of rhizome 

rot complex of ginger and turmeric. Doctoral thesis, College of Agriculture, Dharwad. 

[19] Schaller, M., Borelli, C., Korting, H. C., & Hube, B. (2005). Hydrolytic enzymes as virulence factors of 

Candida albicans. Mycoses, 48(6), 365–377. 

[20] Shahid, A. A., Rao, Q. A., Bakhsh, A., & Husnain, T. (2012). Entomopathogenic fungi as biological 

controllers: New insights into their virulence and pathogenicity. Archives of Biological Sciences, 64(1), 

21–42. 

[21] Shuangqi, T., Zhenyu, W., Ziluan, F., Lili, Z., & Jichang, W. (2011). Determination methods of cellulase 

activity. African Journal of Biotechnology, 10(37), 7122–7125. 

http://www.ijcrt.org/


www.ijcrt.org                                                       © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882 

IJCRT2507151 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b354 
 

[22] Sornakili, A., Thankappan, S., Sridharan, A., Nithya, P., & Uthandi, S. (2020). Antagonistic fungal 

endophytes and their metabolite-mediated interactions against phytopathogens in rice. Physiological and 

Molecular Plant Pathology, 112, 101525. 

[23] Usha Rani, P., & Jyothsna, Y. (2010). Biochemical and enzymatic changes in rice plants as a mechanism 

of defense. Acta Physiologiae Plantarum, 32, 695–701. 

[24] Vinayarani, G., & Prakash, H. (2018). Fungal endophytes of turmeric (Curcuma longa L.) and their 

biocontrol potential against pathogens Pythium aphanidermatum and Rhizoctonia solani. World Journal of 

Microbiology and Biotechnology, 34, 1–17.  

 

 

http://www.ijcrt.org/

