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Abstract
Background
Taro leaf blight, caused by a severely destructive oomycete fungus Phytophthora colocasiae, is responsible for threatening yield loss worldwide. The pathogen has the ability to germinate and spread rapidly to other plants during favorable conditions resulting in acute decline and even death, causing 100% crop loss. Farmers usually rely on highly toxic systemic fungicides to control the disease, which is effective, but residual effects and resistance of these agrochemicals is still a concern. Recently as returning to nature people tend to use chemical-free products, especially edible stuff produced in organic agriculture. Therefore, the use of bio-pesticides and phytochemicals is gaining special attention by scientists as they are ecofriendly non-hazardous, sustainable, and potent alternatives to control many virulent plant pathogens The present research was conducted to assess the antifungal potential of cinnamon essential oils against P. colocasiae.

Materials and methods
The essential oils from cinnamon bark were extracted using microwave-assisted hydrodistillation equipment, and then their chemical constituents were evaluated using ATR FTIR spectroscopy. The antifungal potential of essential oil was assessed against mycelium, sporangia, zoospore, leaf necrosis, and corms lesions under laboratory conditions at, 0.156, 0.312, 0.625, 1.25, 2.5, 5.0 mg/mL concentrations. Hymexazol was used as positive control and no essential oil as negative control, while each treatment have three replications and experiment repeated twice.

Results
The main component of oil was identified as cinnamaldehyde. The pathogen isolated from infected taro leaves was identified as P.colocasiae and then was used as a test fungus in the current study. Repeated experiments show maximum inhibition percentage of mycelial growth, zoospore germination, and sporulation of the fungus were observed at 0.625 mg/mL, whereas leaf necrosis was 100% inhibited at 1.25 mg/mL concentration.

Conclusion
This research can be a reference for easy, cost-effective and environment-friendly management and control of taro leaf blight with phytochemicals and plant essential oil derivatives.

Graphic abstract
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Background
Taro (Colocasia esculenta L.) from the family Araceae is one of the oldest tuber cultivated crops [1], widely planted in pacific islands, Africa, Asia, West Indies, and South America [2]. Taro is rich in carbohydrates, proteins, minerals, and vitamins and is an important staple food for people of Southeast Asia, China, United States, and especially in Africa [3]. Taro also has a medicinal potential against many pathogenic and bacterial infectious human diseases [4]. The Food and Agriculture Organization estimates the world’s taro production about 10.64 billion tons, with China producing about 1.95 billion tons, ranking second in the world following Africa [5].
Taro is susceptible to more than 23 different pathogens, severely affecting plant growth and reducing yield. Among them, taro leaf blight (Phytophthora colocasiae) is the most devastating one that threatens sustainable production and yield [6]. Leaf blight in taro was first reported in Taiwan and China in 1911; recently, the disease is frequent and tends to cause substantial yield loss to the crop in the region [7]. The disease occurs in warmer conditions, mostly visible on plant leaves, symptoms appear between 2 and 4 days after infestation. Initially, it appears as a small water stain, and then the area of water stains increases in size and number [8]. As the disease develops, the lesions expand, and the shape becomes earthy and color turns to dark brown showing a yellow edge. In dry weather, the lesions become papery and show a shot hole appearance. In hot and humid conditions, mature taro leave are destroyed within 10 days and is even more rapid in severe cases. The production loss around 50–60%, sometimes resulting in severe decay of corms before or after harvesting; susceptible varieties can be destroyed completely bearing 100% loss [9].
Leaf blight of taro caused by an oomycete fungus (Phytophthora colocasiae) has a complex life cycle according to growth characteristics, which are facultative parasite (hemibiotrophic), pathogenic, (biotrophic), and saprophytic (necrotrophic) stage [10]. It survives from 15 to 35 °C, favorable temperature is 25–30 °C when the nocturnal temperature is around 20 °C, and the humidity is more than 90%; that encourages zoospores germination conducive to its epidemic. P. colocasiae is a heterothallic species producing sporangia, sporangiophores, and zoospores asexually; meanwhile, it produces oospores sexually that remain within plant debris and corms for the next crop season. Sometimes, cell walls of zoospores are thickened and produce chlamydospores that enter a dormant state for prolonged viability in the soil as well as in corms [11]. This phenomenon makes taro disease as a key pathogen, and continuous cropping harbors field biomass of pathogen constantly accumulating in the soil.
The pathogen has the ability to germinate and spread rapidly to other plants during favorable conditions resulting in acute decline and even death, causing 100% crop loss [12]. Farmers usually rely on highly toxic systemic fungicides to control the disease, which is effective, but residual effects and resistance of these agrochemicals’ may not be ignored. Recently, people tend to use chemical-free products, especially edible compounds produced in organic agriculture. Therefore, the use of bio-pesticides and phytochemicals is gaining special attention by scientists as they are ecofriendly non-hazardous, sustainable, and potent alternatives to control many virulent plant pathogens [13].
Essential oils, sometimes referred to as ethereal oils, essences or volatiles, are metabolic compounds secreted by many organisms, especially plants [14]. These oils are mostly extracted from the materials that comprise distillation, pressure, or extracted by appropriate solvent [15]. These oils are commonly used in perfumes, food compounds, cosmetics, and medicinal purposes based on their nature and properties [16]. The biochemical composition of these plant oils varies in different regions where they grow and environmental circumstances. Besides this, different techniques used for drying materials, extraction, and distillation also affect the essential oil composition [17]. Besides their delightful aromas, these oils are also valued for their bioactive compounds and properties they show in several ways [18]. Previously, essential oils were obtained by conventional hydrodistillation [19], that may affect the oil quality because some volatile components may be lost in the course of the process, low extraction efficacy, and deprivation of unsaturated composites due to temperatures and nature of the solvent used for extraction [20].
A novel, innovative technique, i.e., microwave extraction has gained attention and uses small compact equipment with controlled heating systems [21]. The fundamental advantage of microwave-assisted extraction is cost-effective, saving extraction time, environment-friendly, chemical-free, and avoids solvent use [22].
Cinnamon (Cinnamomum zeylanicum) essential oils possess great potential in antimicrobial activity and are applied as a natural remedy for treating and preventing many plant diseases [23]. As no systematic studies, have been done on the pesticidal properties of cinnamon essential oils against taro leaf blight, therefore, this study is novel and first attempt. This study intends to find an easy to operate method for extracting essential oil for safe and comfortable use against plant pathogens for sustainable agriculture.
Materials and methods
Plant material
In view of the previous literature [24], cinnamon bark was selected for this study, collected from the horticultural garden of Southwest University of Science and Technology Mianyang Sichuan China during the summer of 2020. Freshly collected bark was washed and kept in a ventilated shadow place at room temperature to dry. Before extraction, it was crushed into a coarse powder using a kitchen blender and added water to desired quantity for soaking overnight.
Extraction of essential oil (EO)
Extraction of cinnamon bark essential oil was obtained by modified microwave-assisted hydrodistillation instrument mounted with Clevenger apparatus. This was a low-temperature microwave extraction instrument with microwave power: 800 W rated input power, 1.5KW microwave frequency: 2450 ± 50 MHz, a maximum voltage of internal microwave generator: 4200VDC, maximum working temperature, 300 °C. The capacity of the flask for plant material was 5 L and leak-proof pipeline to Clevenger system. The instrument was equipped with a water cooling system and circulation for condensation. The mechanical mixing function for homogenizing the plant material during extraction was also installed in the equipment. PLC color touch screen, with simple and convenient operation, closed-loop PID automatically adjusts the microwave power and can display materials in real-time temperature, microwave power, and working time and procedure (Fig. 1).[image: ../images/40538_2021_238_Fig1_HTML.png]
Fig. 1Microwave-assisted hydrodistillation (MAHD) setup model


In this MAHD procedure performed at atmospheric pressure, 300 g of cinnamon bark soaked in 200 mL of water overnight, then with the addition of 300 mL water heated at 100 °C for 90 min. This period was sufficient to extract all the essential oils from the samples. Each extraction was performed at least three times. The extracted oil was collected in 5 mL bottles, dried over anhydrous sodium sulfate, and covered with aluminum foil, stored at 4 °C until further use.
Essential oil analysis (ATR-FTIR spectroscopy)
The main components of the obtained EO were identified by using the Fourier-transform infrared spectroscopy (FTIR) using a (Spectrum Two™ FT-IR Spectrometer and Analysis Systems, PerkinElmer USA) following ATR (attenuated total reflectance) process. Spectra were evaluated using an Aldrich FTIR collection Edition II software (Thermo Fisher Scientific Inc USA). A single droplet of essential oil sample is carefully retained on the surface of the diamond ATR crystal, and the spectrum observed on the computer monitor and saved. The process repeated three times.
Pathogen isolation
The causal organism of disease was isolated from infected leaves showing characteristic symptoms of blight (Fig. 2A), following the method suggested by [25]. Infected leaves were cut into pieces of 5–10 mm2 near the lesion’s margins, sterilized in 75% ethanol for one min, and then washed twice in sterilized DDH2O. Leaf pieces were dried on sterile blotting paper transferred to PDA plates aseptically and incubated at 25 °C. As soon, the mycelium emerged from leaf pieces, it was shifted to a fresh PDA medium to ensure pure culture (Fig. 2D).
This pure culture of the fungus isolate was identified as Phytophthora colocasiae based on pathogenicity, growth pattern, sporangial appearances, and microscopic criteria as described by [26, 27] (Fig. 2). Pathogenicity of fungus was confirmed to satisfy Koch’s postulates. The pure culture was kept in storage at 4 °C and transferred to fresh PDA media every month for maintenance.[image: ../images/40538_2021_238_Fig2_HTML.jpg]
Fig. 2The typical symptoms and morphological characteristics of P. colocasiae. A leaf blight symptoms, B Symptoms on Corms, C Lesions on leaf petioles, D colony pattern on PDA, E Sporangia from leaf, F Mycelium under the microscope, G sporangia from culture


In vitro antifungal assay
Mycelial inhibition assessment
The antifungal potential of essential oil was assessed against isolated pathogen by poison food method described by Lahlou (2004). Oil was diluted with dimethyl sulfoxide (DMSO) as 9:1(v/v) as stock solution, while added to PDA to obtain final concentrations i.e., 5, 2.5, 1.25, 0.625 mg/mL. Pre-sterilized 9 cm Petri dishes poured with 10 mL PDA media, each with four replications of each treatment. PDA medium was contained with DMSO to serve as a negative control, whereas fungicide (Hymexazol) was added with PDA with the same concentrations to serve as a positive control. A control treatment was PDA alone to compare all the treatments. The Petri dishes were inoculated with a 0.5 cm disc from the edge of a freshly grown mycelial culture of isolated pathogen and kept for incubation at 25 °C. The antifungal potential of essential oils was assessed when the control treatment Petri dishes were fully grown. Mycelium growth inhibition percentage (I) was calculated by subtracting the diameter of radial colony growth of treated plates (Dt) from negative control Petri plates (Dck). (I = Dck − Dt) [28]. The experiment consisted of four replications, and the process repeated twice for result authentication.
Inhibition of sporangium formation
Measurement of sporangium production was done in-vitro on Czapek’s agar (CZA) medium, supplemented with essential oils at different variable applications used before for the mycelium inhibition. Five discs of 10 mm from a 1-week-old pure culture of isolated fungus were homogenized into 10 mL DDH2O and centrifuged at 3000 rpm for 5 min. The precipitate of sporangia was counted with a hemocytometer in 10 μL, and inhibition was compared with control treatment using a formula, [Is = (N0-Nx)/Nx × 100] where N0 is control and Nx are treated with oils. Germination verified after 3 h for zoospores and 24 h for sporangia. Fungicide treatment was kept as a positive control and adopted from [12] with little modification. Every treatment had four replications, and the experiment repeated twice for confirmation.
Inhibition of zoospore germination
Inhibition of Sporangium and zoospores germination was estimated by the technique adopted from Sameza [28] with slight modifications. Essential oils were diluted in DMSO, whereas fungicide in sterilized distilled water, supplemented to V8 broth medium with same concentrations described before, and poured in test tubes. Pathogen suspension of 1-week-old culture adjusted to 106 cell/mL was inoculated in test tubes with 500 μL and incubated at 25 °C zoospore germination percentage was observed under a microscope after 3 h and the next day for sporangia using a hemocytometer. Every treatment had three replications, and the experiment repeated two times.
Inhibition of symptoms on aerial parts
Taro plants were grown as hydroponic culture in controlled aseptic conditions within an incubator. One-month-old plants were first treated with essential oil spray of the same concentrations, whereas fungicide treatment served as control. After 1 h of treatment, 106 cells/mL zoospore suspension sprayed over the plants. Each treatment was replicated three times and covered with black polyethylene bags kept in the dark and moist place for few days until symptoms have appeared. The disease reduction index (DRI) by the essential oils was estimated using the formula: DRI = DN − DO/DN × 100 where DN is the necrotic area with no essential oil and DO is the necrotic area treated with essential oil.
Inhibition of symptoms on corms
Healthy taro corms of uniform size without any external impairment or noticeable deteriorations were selected for the experiment. Corms were washed thoroughly, surface sterilized by keeping in 75% ethanol for 1 min, and then soaked two times for 5 min with sterile distilled water. Corms were treated by submersion in essential oils for 30 min at concentrations the same as demonstrated earlier. Phytophthora colocasiae isolated previously was used as inoculum. Three plugs of 5 mm deep were removed from corms in apex middle and basal parts with 5 mm cork borer aseptically. Abrasions were inoculated with 5 mm PDA slants obtained from 7-day-old pure culture then the wound was closed with the same plug removed from the taro corm. Each treatment had three replications, treated with and without fungicide served as control. Corms were kept for incubation in dark and moist conditions at 25 °C for 7 days; after a week, corms were cut vertical from inoculation sites to observe symptoms.
Analysis of data
The data were analyzed using ABM (SPSS 25) edition; results expressed in means standard deviation, the relationship between variables articulated by analysis of variance (ANOVA). The least significant difference (LSD) test was used for identification of significant differences in means. Graph charts drawn with Origin Pro 2020 (9.7.0.185) software.
Results and discussion
Cinnamon essential oil analysis
The main compound of cinnamon essential oil extracted from barks was identified as cinnamaldehyde (93.91%) (Fig. 3); previous studies also obtained the same main compound [29]. Cinnamon, EO composition, has been extensively studied due to its various pharmacological properties, low-cost, less toxic antimicrobial products [30]. The plant has the same hydrocarbons in variable extents, with major components like cinnamaldehyde obtained from bark [31]. Cinnamon holds a multifaceted and extensive history of use as an antifungal and antibacterial. Hence, cinnamon oil has various diverse oils with various features, which defines its significance in different industries [32].[image: ../images/40538_2021_238_Fig3_HTML.png]
Fig. 3FTIR spectra of cinnamon EO


Cinnamon EO against mycelium growth of P. colocasiae
                        
Our experiment results revealed that the mycelium growth of P. colocasiae was significantly (P < 0.05) inhibited with increased application of cinnamon essential oil (Table 1). Maximum inhibition of radial colony growth of the fungus was observed at 0.625 mg/mL and above, whereas under the same circumstances, fungicide inhibited the fungal colony growth at a concentration of 0.15 mg/mL. From the treatments showing 100% inhibition, the inoculated discs were transferred to a fresh culture medium to check mycelium’s viability, which was found already killed.Table 1Effect of cinnamon EO against mycelial growth and spore germination on PDA


	Treatments mg/mL
	Radius of colony growth
	Inhibition percentage1

	Mycelium
	Zoospores germination
	Sporangia inhibition

	0.00
	45.00a ± 0.00
	0.00d ± 0.00
	00.00d ± 0.00
	0.00e ± 0.00

	0.156
	12.55b ± 0.29
	72.1c ± 0.64
	70.02c ± 1.58
	67.46d ± 3.09

	0.312
	6.17c ± 0.18
	86.2b ± 0.42
	84.61b ± 1.26
	82.66c ± 1.59

	0.625
	0.00d ± 0.00
	100a ± 0.00
	100a ± 0.00
	94.13b ± 0.68

	1.25
	0.00d ± 0.00
	100a ± 0.00
	100a ± 0.00
	100a ± 0.00

	2.5
	0.00d ± 0.00
	100a ± 0.00
	100a ± 0.00
	100a ± 0.00

	5.0
	0.00d ± 0.00
	100a ± 0.00
	100a ± 0.00
	100a ± 0.00

	Hymexazol
	0.00d ± 0.00
	100a ± 0.00
	100a ± 0.00
	100a ± 0.00


Values indicate means of four replications and dissimilar letters in the same column indicate significantly different based on LSD test (P < 0.05) and ± denotes standard error
1Inhibition percentage compared with control treatment without cinnamon EO



This is the first attempt to evaluate the antifungal potential of cinnamon essential oil against P. colocasiae, but there are certain reports about the antimicrobial properties of cinnamon oils. These oils possess complex chemical composition of major and trace compounds responsible for antimicrobial activities. The present research evaluated cinnamaldehyde as the major component of cinnamon essential oil, which has been described to constrain several bacteria, molds, and pathogenic fungi by inhibiting ATPase wall, cell membrane structure, and cellular metabolic interactions [33]. Besides this, there are several research studies for the antifungal potential of cinnamaldehyde against wood-rot fungi [34] bread preservation from Aspergillus niger [35] Fusarium sambucinum by inhibiting ergosterol biosynthesis [36]. However, the potency of the other minor compounds in cinnamon oil cannot be omitted. In this regard, [29] described that essential oils’ antifungal activity could be associated with the synergistic influence of main and trivial constituents. Meanwhile, it can also suggested that the volatile compounds derived from cinnamon may have a part in the restraint of mycelial growth. Overall performance of cinnamon oil has also been reported against Candida spp. [37, 38] fungi causing respiratory tract mycoses in humans [39] pathogenic fungus of rice false smut [40].
Cinnamon EO against sporangia and zoospore germination
Sporangia and zoospores germination was reduced significantly (P < 0.05) as the oil concentration was increased (Table 1). The minimum inhibitory application for zoospores was obtained at 0.625 mg/mL and 1.25 mg/mL for sporangia germination. As observed under the microscope, a distinct change in the shape of sporangia and deformity in zoospores was observed. This is the evidence of cellular lysis of sporangia treated with oils. Sameza assessed the antifungal properties of eucalyptus essential oils against germination of P. colocasiae zoospores and sporangia and described the susceptibility of zoospores greater than sporangia. Since our results are parallel to the study conducted by [28] and we can justify this since zoospores do not have a biologic wall, which sporangia have. In favorable conditions, zoospores germinate, losing their flagella and becoming enclosed in a cyst-like cell wall, which produces a germ tube instigating infection course [41]. Antifungal molecules are supposed to interfere with this process of encasement and cell wall synthesis [42]. On the other hand, micro-compounds present in essential oils acts synergistically to constrain the germination for their hydrophobic properties that could enable their penetration through the cell membrane [43].
Reduction of leaf necrosis by essential oil
Definite symptoms of Leaf blight were visible on negative control treatments when observed after 7 days incubation period, whereas mild symptoms were seen where cinnamon oil was applied at concentrations of 0.156, 0.312, and 0.625 mg/mL (Table 2). On the other hand, leaves treated with control treatment (Hymexazol) at the dosage of 0.16 mg/mL and essential oil applications of 1.25 mg/mL and above produced no visible symptoms. The results show a substantial positive correlation within the application of essential oil and the leaf necrotic area decrease (Table 2). Apart from mycelium, zoospores are a vital lifecycle form of P. colocasiae, which have high significance for establishing infection. Our results may be because of antifungal compounds of cinnamon essential oil that performed lysis of zoospores and impeded their germination. Essential oils have the capacity to enhance disease resistance in plants. The mechanism of resistance is considered by an acute release of the responsive molecules H2O2, or oxidation stress, which is the same mechanism that happens when plants are exposed to any biotic or atmospheric stress [44]. As described before, cinnamaldehyde is the principal component of Cinnamon essential oil, which is reported to induce a reduction in the virulence in many pathogens (inhibition of germ tube establishment and in adhesion, phospholipid hydrolysis, and proteinase activity [45]. This effect may be concerned with these molecules’ act on the ATPase-reliant efflux systems [46]. It can also prevent mycelia development and production of aflatoxin that primes to an irreparable alteration of hyphae structure, reducing cytoplasmic content and mitochondrial obliteration. The absorbency triggered by these molecules concerns the oxidation–reduction mechanism, which essentially controls specific signaling pathways in cells [47]. Results achieved by [12] exhibited reduced leaf necrosis more effectively in preventive application relatively than curative control with an essential oil treatment.Table 2Effect of cinnamon EO against necrosis and sporulation on leaf assay


	Treatments
	Duration
	Leaf necrosis
	Sporulation

	Concentration mg/ml
	Hour
	Diameter (mm)
	Inhibition1 %
	103 sporangia/mL
	Inhibition1 %

	0.00
	72
	16.50a ± 0.79
	0.00e ± 0.00
	95.00a ± 1.29
	0.00e ± 0.00

	0.156
	72
	12.75b ± 0.85
	22.72d ± 5.17
	51.25b ± 3.06
	46.05d ± 3.22

	0.312
	72
	8.95c ± 0.49
	45.75c ± 2.99
	22.75c ± 0.85
	76.05c ± 0.89

	0.625
	72
	3.45d ± 0.33
	79.09b ± 2.01
	14.00d ± 0.91
	85.26b ± 0.96

	1.25
	2
	0.00e ± 0.00
	100a ± 0.00
	0.00e ± 0.00
	100a ± 0.00

	2.50
	2
	0.00e ± 0.00
	100a ± 0.00
	0.00e ± 0.00
	100a ± 0.00

	5.00
	2
	0.00e ± 0.00
	100a ± 0.00
	0.00e ± 0.00
	100a ± 0.00

	Hymexazol
	2
	0.00e ± 0.00
	100a ± 0.00
	0.00e ± 0.00
	100a ± 0.00


Values indicate means of four replications and dissimilar letters in the same column indicate significantly different based on LSD test (P < 0.05) and ± denotes standard error
1Inhibition percentage compared with control treatment without cinnamon EO
2Indicates no symptoms



Cinnamon EO against sporangia production
A significant decrease in sporangia production was observed (P < 0.05) with increased application of essential oils (Table 2). Maximum inhibition of sporangium was attained at and above (0.625 mg/mL 100% inhibition). Additionally, some morphological variations in the shape of sporangia observed where the concentration of oil application was increased compared with un-amended treatment. Essential oils indeed comprise numerous compounds that express antifungal actions against many plant pathogenic fungi [29]. These compounds show several intrusive phenomena for disease inhibition, just like deterioration of cell wall and biological membrane, resulting from high penetration and discharge of cellular components, simultaneously interfere with cell membrane functions [38]. Lipophilicity of EO constituents allow the oil to infiltrate the plasma membrane, disturb enzyme activities, and unregulated cell wall synthesis, addition high concentration of EOs comprising volatile compounds causes cell lysis, resulting in inhibition of sporangia production [42]. Various research described the inhibitory influence of cinnamon essential oils against fungal pathogens; meanwhile, it is reasonable to advise that many of the volatile compounds derived from the essential oils might have an inhibitory effect on mycelia and sporangia production. Eucalyptus oil at 0.625 mg/L [28] and citrus essential oil reduced sporangia production of P. colocasiae at a concentration of 800 ppm [12].
Cinnamon EO against P. colocasiae inoculated on taro corms
Mycelial plugs inoculated in taro corms positively showed rotting symptoms solely in negative control treatments and applications of the essential oils 1.25 mg/mL and above (Fig. 4). Fungicide treated inoculations and certain essential oil treatments did not develop lesions in the corms. Deteriorations were noticeable superficially on the corms as dark brown spots centered on the inoculation sites. Inhibition of symptoms on taro corms could result from high absorbance of volatile oils in the corms pith. Taro leaf blight, P. colocasiae is responsible for a severe post-harvest deterioration of corms [10].[image: ../images/40538_2021_238_Fig4_HTML.png]
Fig. 4Effect of cinnamon essential oil against P. colocasiae inoculated on taro corms. “***” indicate extremely significant difference based on LSD test (P < 0.05). Symptoms measured as lesions (mm)


In contrast, oospores in the corms persist for an extended period, which serves as the primary inoculum, which initiates an infection that leads to epidemic situations [48]. Different mechanisms and preventive as well as curative properties of plant essential plant oils for safe and cost-effective management of post-harvest diseases are studied [40]. Since essential oils are frequently used for disinfecting fruits and vegetables as well as food products for long shelf life and free from pathogens [35]
Conclusion
Leaf blight has been perceived in almost all regions where taro is cultivated, causing serious concern to farmers. Lack of proper management strategy towards crop diseases, intension of systemic fungicide use is increasing. Naturally, obtained phytochemicals could provide a widespread selection of compounds as an alternate approach for control of this disease. Our study showed that the essential oil of cinnamon prepared in the laboratory significantly inhibited mycelial growth, spore viability and germination of fungus and reduced symptoms on leaf and corms of taro. Keeping in view the hazardous effects of systematic fungicides that directly and indirectly impact human and environmental health, we conducted this research to utilize cinnamon essential oil as a potential alternative for these fungicides. In this regard, more plant essential oils should be evaluated that have potent antifungal activities. This research can be a reference for easy, cost-effective and environment-friendly management and control of taro leaf blight with phytochemicals and plant essential oil derivatives.
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