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Abstract

:

Wood vinegar (WV) by-product of charcoal production is considered one of the most promising alternatives to synthetic pesticide and fertilizer applications, especially for organic production. Our goal in this study is to evaluate the efficacy of guava (Psidium guajava) WV to control Colletotrichum coccodes, which causes black dot disease, and how it influences potato plant development and yield. This study tested the efficacy of guava WV against the pathogen both in vitro and under greenhouse conditions. Different guava WV concentrations were tested on pathogen growth development, including 0, 0.25%, 0.50%, 1%, 2%, and 3% (v/v). Data revealed that the pathogen’s mycelial growth was significantly inhibited at all the concentrations, and the highest inhibition (100%) was obtained at 3% guava WV. In greenhouse trials conducted for two seasons (2021 and 2022), guava WV applied as a foliar spray at the concentration of 2% and 3% considerably reduced the potato black dot severity evaluated as stem colonization (average of 22.9% for 2021, average of 22.5% for 2022), root covering with sclerotia (average of 21.7% for 2021, average of 18.3% for 2022) and wilted plants percentage (average of 27.8% for 2021, average of 33.3% for 2022). Overall, guava WV also showed a positive effect on plant growth by increasing plant height, stem diameter, and tuber yield per plant of treated potato in both seasons. Gas chromatography-mass spectrometry (GC-MS) analyses revealed the presence in guava WV of phenols, esters, organic acids, antioxidants, and alcohols. In conclusion, guava WV could represent a viable alternative for potato black dot disease management and for plant growth promotion.
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1. Introduction


Black dot is one of the common potato (Solanum tuberosum L.) diseases caused by Colletotrichum coccodes (Wallr.) S. Hughes [1]. C. coccodes can infect any part of a potato plant, such as leaves, tubers, stolons, roots, and basal stems [1,2,3,4,5,6]. Early reports of the disease in potatoes and tomatoes date back to the early 19th century and are described in detail by Dickson [7]. In Egypt, the disease was first reported in Salhiya and Abo Swair areas during the 2009–2010 seasons [8]. During storage, the pathogen causes a reduction in tuber weight and quality [9].



Wood vinegar (WV), also known as pyroligneous acid, is a clear brown liquid formed by the condensation of smoke from the charcoal-making process [10]. More than 200 chemical substances, including organic acids, phenols, acetic acid, dimethyl phenol, trimethyl phenol, esters, and nitrogen pyrimidines, are found in WV [11,12]. It is low-cost [13], with a price that is only one-third that of synthetic fungicides. According to Zulkarami et al. [14], WV contains a number of essential elements. These elements perform important roles in plant life cycles and promote photosynthesis. Moreover, the acids, phenol, and other organic compounds in WV have antifungal properties that inhibit the growth of fungi at high concentrations [15].



WV has also been shown to improve soil physicochemical parameters [16] and microbiome, including plant-growth-promoting rhizobacteria [17]. Additionally, WV is able to protect vegetable and horticultural crops from fungal diseases, especially root rots. Sugars, carboxylic acids, hydroxy aldehydes, hydroxy ketones, and phenolic acids are among the major groups of substances in oak, poplar, pine, pruning litter, and forest waste WV [11,18]. It is a low-cost, all-natural product that has no negative effects on living organisms or the environment [19]. It has been demonstrated to suppress a number of soil-borne plant pathogens [20]. The mycelial growth of Plasmopara viticola (Berk. and M.A.Curtis) Berl. and De Toni, Verticillium dahliae (Klebahn), Phytophthora capsici (Leonian), and Fusarium graminearum (Schwabe) have been slowed down by WV made from apricot trees [21]. WV causes complete inhibition of the growth of Alternaria mali (Roberts), the causal agent of apple Alternaria blight, when applied at a 1:32 dilution [22].



WV ester compounds can increase chlorophyll, photosynthesis, sugar, and amino acids production and stimulate plants’ resistance to diseases and pests [23]. Cryptomeria japonica (Linnaeus) WV demonstrated potent antifungal activity against Pythium splendens (H.Braun), Phytopthora capsici, and Ralstonica solanacearum (Smith and Yabuuchi) [24]. In a related study, Velmurugan et al. [25] showed that WV of bamboo significantly reduced the growth of the Ophiostoma species that cause wood rot in forest trees. Several studies have conclusively demonstrated that the phenolic compounds in WV are responsible for their antifungal properties [26,27,28]. Additionally, WV increases the abiotic stress tolerance [29], growth, production, and quality of a wide range of crops [30]. WV, when used as a foliar application, increases yields in cucumber, lettuce, and cole, and jasmine rice [31,32]. The objectives of this study were to evaluate the efficacy of guava wood vinegar against Colletotrichum coccodes which causes black dot disease and investigate its effect on potato plant growth as well. Determine and identify the bioactive components that are most prevalent in guava WV using the GC-MS technique.




2. Materials and Methods


2.1. Fungal Isolation and Identification


Colletotrichum coccodes virulent strain was recovered from diseased potato tubers with a black dot collected from potato fields in the Nubaria region (El-Beheira Governorate, Egypt; 30° 91125″ N, 29° 97119″ E). Small sections of the infected tubers were cut up and surface treated for 1 min with 1% sodium hypochlorite (commercial bleach) before being rinsed in sterile water and dried with sterile filter paper. The surface-sterilized samples were then plated onto a PDA medium and incubated at 25 °C in the dark. The developed colonies were then purified using the hyphal tip method and identified according to the cultural features and morphological and microscopical characteristics stated by Sutton [33]. Pure cultures were sub-cultured on PDA slants and stored at 4 °C until use.




2.2. Pathogenicity Test


2.2.1. Plant Material


Cara cv. potato tubers were sterilized with sodium hypochlorite 1% for 2 min and placed in the dark for 3 weeks at 18–25 °C for sprouting [34]. Tubers were cut into pieces and left for 48 h before planting in vitro at room temperature to allow for partial wound healing. One piece of potato tuber with three eyes of almost the same size was planted in each plastic pot of 30 cm diameter (2.4 kg soil), filled with a sterilized mixture of clay and sand soil (4:1 w/w). Sowing was done on 1st February in season 2020. The plants were fertilized with NPK (Dotra Fert: 20/20/20) from the Egyptian Dotra Company at a concentration of 2 g/L water. The pots were kept under careful observation in greenhouse conditions in natural light at the Agricultural Botany Dept., Agric., Al-Azhar University, Assiut Branch, and were irrigated when it was needed.




2.2.2. Inoculum Preparation


Colletotrichum coccodes isolate was grown on a PDA medium in Petri dishes for 7 days at 25 °C in the dark. Conidia were harvested from the agar surface with sterile distilled water using a scraper, then filtered through several layers of sterilized cheesecloth. A hemacytometer was used to adjust the conidia suspension to a final concentration of 2 × 106 conidia/mL [35].




2.2.3. Plants Inoculation


Six weeks after sowing, potato stems were inoculated with the pathogen. Using a sterile scalpel, one wound was made into the base of the stem (above the soil’s surface). An Agar disc (6 mm) containing the causal pathogen was placed in each wound. On the wounds of the control plants, only agar discs without pathogens were applied. In addition, each pot received 15 mL of the spore suspension (2 × 106 conidia/mL) by hand sprayer, as El-Marzoky [8] explained; in case of the control plant, it was sprayed with 15 mL sterilized distilled water. Three plants were used for each treatment as replicates, and the experiment was repeated twice. After inoculation, all plants were transferred to a greenhouse. To maintain a high humidity level, inoculated plants were covered with transparent plastic bags for 24 h. The plants were then examined every day to check for symptoms. After three days, every inoculated stem exhibited necrosis, but control stems exhibited no signs [36].




2.2.4. Disease Assessment


The disease severity of the black dot on roots was assessed visually using a 0–3 scale based on the percentage of roots covered with sclerotia as follows: 0 = no sclerotia, 1 = 1–30%, 2 = 31–60%, and 3 = ˃60% [35]. Additionally, the percentage of wilted plants to the total number of inoculated plants was calculated. The disease severity index (DSI) on the aboveground stem was calculated by multiplying the colonization outcome (0 or 1) by the height aboveground from which the segment was removed. The stem segments (1 cm) were cut off at 2, 6, 10, and 14 cm above ground level. The segments were cultured on a PDA medium after being sterilized and incubated at 25 °C in the dark [36]. The fungal colonization of stems was recorded as a binary outcome with 1 = colonized, and 0 = non-colonized. The disease severity index percentage (DSI%) was calculated according to the following equation [37].


DSI (%) = 100 × [2 × (0 or 1) + 6 × (0 or 1) + 10 × (0 or 1) + 14 × (0 or 1)]/32













2.3. Antifungal Activity


2.3.1. Guava Wood Vinegar Production


WV is a secondary product produced when smoke from charcoal production is cooled by outside air while passing through a chimney or flue pipe. The cooling effect causes condensation of WV, particularly when the temperature of the smoke produced by carbonization ranges between 80 °C and 180 °C [10]. The guava WV used in this study was derived from the charcoal production of guava trees wood (Psidium guajava) in Egypt’s El-Kalyobia governorate. The obtained guava WV was stored at room temperature for further studies.




2.3.2. Analysis of the Chemical Composition of Guava Wood Vinegar by GC–MS


A gas chromatography-mass spectrometry (GC-MS) system (GC Trace 1300 Thermo Scientific) was used to analyze the components of guava WV at Assiut University’s Faculty of Science Department of Chemical. A single quadruple mass spectrometer (ISQ 7000 Thermo Scientific) was used. The carrier (He, 99.999%) flow was 1 mL min−1, split 10:1, and injected volumes 2 µL. The column temperature was maintained initially at 110 °C and held for 5 min at a rate of 10 °C/min, the temperature increased up to 200 °C and held for 5 min, then the temperature increased up to 250 °C at a rate of 5 °C/min and held for 5 min. The injector temperature was 250 °C, and this temperature was held constant during the analysis. The electron impact energy was 70 eV, and the ion source temperature was set at 250 °C. Electron impact (EI) mass scan (m/s) was recorded in the 40–650 amu range [38]. These components were identified using the following parameters: retention time (RT), molecular weight, molecular formula, and area %.




2.3.3. Plate Assays


The inhibition of C. coccodes mycelial radial growth by the guava WV was tested at concentrations of 0.25%, 0.50%, 1.00%, 2.00%, and 3.00%. The guava WV was added directly to the autoclaved (20 min at 121 °C) PDA medium cooled to 45 °C, poured into sterile Petri dishes [39], and allowed to set. The center of each test plate was subsequently inoculated with a 6 mm size plug of 15-day-old C. coccodes culture and incubated at 27 °C in the dark. As a control, the fungus was cultivated on a PDA medium without guava WV. For each treatment, three replications were performed, and the experiment was repeated twice. When maximum growth was observed in the control plates, the colony’s radial growth was measured, and the percentage of growth inhibition (R) was calculated using the formula.


R = [(C − B)/C] × 100








whereas: C = radial growth in control and B = radial growth in treatment.




2.3.4. Greenhouse Experiments


During the growing seasons of 2021 and 2022, greenhouse experiments were conducted at the farm of the Faculty of Agriculture, Al-Azhar University, Assiut Branch, Assiut, Egypt, to study the effect of guava WV on the disease. On 1st February in seasons 2021 and 2022, one piece of potato tubers was planted in pots (30 cm in diameter). The seedlings were kept in a greenhouse with regular irrigation and fertilization. The plants were inoculated with the pathogen as described in the pathogenicity test, as previously stated. Following the appearance of the first symptoms of disease, the plants were sprayed with guava WV at 2% and 3% based on laboratory studies. Two sprays were applied to each treatment (10 days between each one). As a control, the fungicide Amistar (Azoxystrobin 25%) from Syngenta Company, Basel, Switzerland, was applied at a concentration of 0.50 cm3/L water. Three plants were used for each treatment as replicates, and control plants were only sprayed with distilled water. The plants were then examined every day to check for symptoms. Plant height, stem diameter, and tuber yield of potato per pot were measured.





2.4. Statistical Analysis


The MSTAT-C software version 2.1 was used to conduct a data analysis of variance (ANOVA) [40]. All experiments were carried out in three replicates, and data are presented as mean ± standard deviation (SD). The treatment means were compared using the least significant difference (LSD) (p < 0.05), according to Gomez and Gomez [41].





3. Results


3.1. Isolation and Identification of the Pathogen


Colletotrichum coccodes were obtained from tubers of infected potatoes with symptoms of black dot disease (Figure 1A). Grown on PDA medium, C. coccodes formed a circular colony at first white, then grey (Figure 1B) with age. Conidiomata (Figure 1C) produced aseptate, hyaline, smooth-walled, and straight conidia (Figure 1D).




3.2. Pathogenicity of C. coccodes Isolate on Potato Plants


The symptoms of the disease were observed on potato plants inoculated with the pathogen. Every injected stem showed necrosis after three days, but control stems showed no symptoms. The black dot disease symptoms on inoculated plants were recorded as stem colonization (SC), root covering with sclerotia (RCS), and wilted plant percentages. Koch’s hypotheses were confirmed when the causal pathogen was successfully isolated from inoculated plants.




3.3. Chromatographic Analysis of Guava WV


Data in Figure 2 show that the chromatogram obtained shows the major peaks corresponding to the more abundant compounds present in the sample. The most abundant compound (16.12%) was identified as 2,6-Dimethoxyphenol, which was associated with peak 3, followed by guaiacol (12.82%) associated with peak 1 (Figure 2), and 1,2,4-trimethoxybenzene (6.39%) associated with peak 4. Table 1 describes the overall chemical composition, retention times of each compound, and percentages of each compound present in guava WV. The presence of several bioactive compounds in guava WV, including phenols, esters, alcohols, antioxidants, and organic acids (Table 1 and Figure 3). GC-MS analyses revealed the presence in guava WV of phenols, esters, organic acids, antioxidants, and alcohols.




3.4. Plate Assays


The data in Figure 4 and Figure 5 demonstrate that guava WV treatment significantly (p ≤ 0.05) reduced C. coccodes mycelial growth at all tested concentrations when compared to the control. The percentage of mycelial growth inhibition increased along with increasing concentration. The highest WV concentration (3%) showed a complete inhibition of the pathogen’s growth (100%). Furthermore, the data revealed that there were significant differences in the percentage of pathogen growth inhibition among the tested concentrations.




3.5. Greenhouse Experiments


The application of guava WV as a foliar treatment on infected potato plants significantly decreased the disease severity of black dot in all disease parameters, including stem colonization, root covering with sclerotia, and wilt percent percentages (Table 2). Both of the tested concentrations (2% and 3% v/v) had an effect on the disease in greenhouse conditions, but the 3% concentration was more successful in suppressing the disease than the 2% concentration. The fungicide Amistar recorded the best percent of disease inhibition in both seasons of 2021 and 2022. The Amistar 25% treatment showed lower disease severity index values compared to the inoculated and untreated control, indicating its effectiveness in reducing disease severity. The treatment with a concentration of 3% guava WV recorded the greatest reduction in disease severity of all disease parameters, i.e., stem colonization (20.16% and 21.91%), root covering with sclerotia (20 and 23.33), and wilt (22.22% and 33.33%) in seasons 2021 and 2022, respectively. There are significant differences in the effects of all the treatments on the disease, though there are no significant differences in wilting percentage among treatments in the growing season 2022.



Overall, the results presented in this table suggest that the guava treatments, particularly guava WV 2%, had a positive impact in reducing disease severity (SC, RCS, and Wilt) in comparison to the uninoculated and untreated control.




3.6. Effects of Guava Wood Vinegar on Plant Growth and Tuber Yield of Potato


The data presented in Table 3 show that foliar application of guava WV improved plant growth parameters, such as plant height, stem diameter, and tuber yield per pot of potato, in both seasons. Guava WV at 3% gave the highest values of plant height (38.67 and 38.00 cm), stem diameter (11.00 and 11.33 mm), and tuber yield (274.54 and 281.72 g) in seasons 2021 and 2022, respectively (Figure 6). Furthermore, data also showed that using guava WV increased potato tuber yield per pot when compared to untreated plants.



The Amistar 25% treatment also showed positive effects on plant height, stem diameter, and tuber yield, although it was generally outperformed by the guava WV 3% treatment. Overall, the results of this table indicate that the guava WV 3% treatment had the most significant positive impact on plant growth and tuber yield among the treatments evaluated in both growing seasons.





4. Discussion


Charcoal production from wood under anaerobic conditions is a very good way to preserve the environment, and at the same time, WV is the result of this process. WV is rich in many phenolic compounds, organic acids, antioxidants [11], and some nutrients necessary for plant growth, such as K, Ca, Fe, P, Zn, and Mo [14]. In this study, the GC-MS analysis of guava WV revealed the presence of several bioactive compounds, including phenols, esters, alcohols, antioxidants, and organic acids. The compound with the highest area percentage of the chromatogram (16.12%) was 2,6-Dimethoxyphenol, followed by guaiacol (12.82%) and 1,2,4-trimethoxybenzene (6.39%). According to the findings of this study, phenols were the most prevalent of the detected compounds in the analysis of the guava WV sample. The findings of our study are fully consistent with those of Li et al., [42] found that 2,6-dimethoxyphenol is the most potent antioxidant in WV. Additionally, 3-methyl-1, 2-cyclopentanedione and 2-methoxyphenol have an important impact on the antioxidant activity of WV. Numerous studies suggest that the phenolic compounds in wood vinegar are what give it its antifungal properties [26,27,28]. In a related study, Ikergami et al. [43] demonstrated that guaiacol, 4-ethyl, 2, methoxy phenol, 6-2, dimethoxy phenol, and ethyl acetate are the most important phenolic compounds in WV with antifungal properties. Yang et al. [44] found that the strongest antioxidant and antibacterial activity of Litchi chinensis WV was due to its highly phenolic composition.



In laboratory tests, guava WV had the ability to inhibit growth and stop the development of the pathogen on the PDA medium at the tested concentrations. It has been shown to inhibit several fungal plant pathogens [20]. Higher concentrations of WV (2% and 3%) effectively inhibited the growth of the pathogen in the medium. The most effective inhibitor, 3% guava WV, completely inhibited Colletotrichum coccoides growth on the medium (100%). Our findings from this study are consistent with those of Qiaozhi et al. [21], who noted that the apricot tree WV has inhibited the mycelial growth of Plasmopara viticola, Verticillium dahliae, Phytophthora capsici, and Fusarium graminearum. Several studies have found that WV can inhibit the growth of many microbes, including E. coli [45], Bacillus subtilis [46], Staphylococcus aureus [47], and Listeria monocytogenes [48]. In a recent study, both Pestalotiopsis and Curvularia species were suppressed in vitro by high concentrations of WV [15]. Previous studies have reported that bamboo WV reduced the growth of the causal agent of wood rot caused by Ophiostoma spp. in forest trees [25]. Furthermore, Chukeatirote and Jenjai [49] revealed that the longan WV had antibacterial activity against all bacterial strains tested. On the other hand, the WV only showed inhibitory activity against the yeast Candida albicans (C.P. Robin) Berkhout. In a recent study, Desvita et al. [50] showed that WV made from cocoa pod shells inhibited the diameter growth of Candida albicans and Aspergillus niger. Oramahi et al. [51] discovered that WV from Vitex pubescens Vahl could inhibit the growth of Fomitopsis palustris (Berk. and Curtis) Gilb and Ryvarden. According to Kadota and Niimi [27], the antifungal properties of WV depend on its chemical composition and phenolic compound content. In this study, we believe that the inhibitory effect of guava WV against the pathogen is due to the phenolic substances present in it. The phenolic compounds present in WV are toxic to microbes when used in high concentrations [52]. WV produced from cocoa pod shells inhibits the growth of C. albicans and Aspergillus niger Tiegh. With increasing WV concentration, the diameter of the zone inhibiting microbial growth grows [50]. These findings suggest that WV made from cocoa pod shells has antimicrobial properties.



Applying guava, WV significantly decreased the disease severity of black dot in all disease parameters, including stem colonization, root covering with sclerotia, and wilted plant percentage. Both concentrations (2% and 3% v/v) had an effect on the disease in greenhouse conditions, but the 3% concentration was more successful in suppressing the disease than the 2% concentration when compared to untreated plants. The results of our study are in agreement with those obtained by Chuaboon et al. [23], who demonstrated that WV decreased the occurrence of the diseases brown spot and dirty panicles in rice under greenhouse conditions compared to untreated controls. When applied at a 1:32 dilution, WV completely inhibited Alternaria mali growth, the causal agent of apple Alternaria blight [22]. Studies have revealed that WV is capable of effectively inhibiting Pythium aphanidermatum, Penicillium griseofulvum, Rhizobium sp., Sclerotinia sclerotiorum, and Fusarium graminearum [21,53]. According to Yuan et al. [54], the phenol content in WV is thought to have antifungal properties that work by inhibiting fungi enzymes. Saberi et al. [55] investigated the impact of WV on cucumber damping-off and found that P. aphanidermatum and Phytophthora drechsleri Tucker mycelial growth significantly decreased. In comparison to untreated control plants, the severity of root and crown rot diseases in greenhouse-cultivated cucumber was significantly decreased at the tested concentrations of WV [29]. The main ways that WV inhibits fungi from growing are by slowing down cell division, rupturing cell membranes, leaking electrolytes, and preventing protein synthesis [56,57].



The foliar application of guava WV improved plant growth characteristics of potato plants, such as plant height, stem diameter, and tuber yield per plant in both seasons (2021 and 2022). In general, the concentration of 3% was the most effective on all studied traits. The results of this study are in agreement with those obtained by Chuaboon et al. [23], who showed that WV treatment improved germination, seedling vigor, shoot height, root length, and fresh weight in rice plants compared to untreated controls. WV increased yield in cucumber, lettuce, and cole when used as a foliar fertilizer [31], and in jasmine rice [32]. Charcoal and WV improve the growth, branching, and survival rate of zinnia when used as a mix in planting materials [27]. In addition to enhancing photosynthesis and increasing chlorophyll, WV esters compounds that may help produce sugar and amino acids [23]. WV has also been demonstrated to enhance the development, yield, and quality of a variety of crops [30]. On the other hand, it can be used as a soil fertilizer in the proper concentration. It has been reported that charcoal and smoke stimulate the soil microbial community [52]. A study on tomatoes found that WV increases various enzyme activities, auxin, gibberellin, while also promoting plant growth and nitrogen uptake [58]. WV applications, according to Wang et al. [59], may simultaneously activate several plant-growth-promoting mechanisms: (1) an accumulation of proteins, adaptation to stress and carbohydrate metabolism; (2) antioxidant enzyme accumulation; and (3) reduced reactive oxygen species (ROS) and the presence of malonaldehydes in the root. At low concentrations, the phenolic compounds in wood vinegar, particularly polyphenols and dihydric phenols, can also significantly promote plant growth [60,61]. In a recent study, Fedeli et al. [62] showed that the application of wood distillate at 0.2% significantly increased the content of soluble sugars, starch, and total carbohydrates in treated potato tubers. Wood distillate (wood vinegar) is an environmentally safe bio-based product stimulating plant growth and yield [63].



In conclusion, the present study, WV gave amazing results, whether in its effect on the disease or on the growth of potato plants. WV is a potent organic agricultural product that is eco-friendly and also stops the spread of fungal infection in plants. Therefore, it is natural content and reasonable price make it a good alternative to pesticides and chemical fertilizers. In future investigations may shed more light on the possibility of separating some components of guava WV and evaluating their effectiveness in controlling some plant diseases. Overall, the use of WV provides a promising approach to control the black dot disease of potato plants, contributing to the development of sustainable and environmentally friendly agricultural practices.
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Figure 1. Colletotrichum coccodes symptoms of black dot disease on naturally infected potato tuber (A), 15-day-old colony (B), conidiomata (C), and conidia at 40× magnification (D) on Potato Dextrose Agar medium. 
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Figure 2. GC-MS chromatogram analysis of guava wood vinegar. 
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Figure 3. The chemical structures of the major components of the guava WV. 
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Figure 4. Effect of different guava WV concentrations on in vitro Colletotrichum coccodes radial growth inhibition. Values are the mean of three replicates ± SD. In each column, data followed by the same letter do not differ significantly as determined by the LSD test p = 0.05. 






Figure 4. Effect of different guava WV concentrations on in vitro Colletotrichum coccodes radial growth inhibition. Values are the mean of three replicates ± SD. In each column, data followed by the same letter do not differ significantly as determined by the LSD test p = 0.05.



[image: Horticulturae 09 00710 g004]







[image: Horticulturae 09 00710 g005 550] 





Figure 5. Mycelial growth of Colletotrichum coccodes on Potato Dextrose Agar medium alone (control) or amended with different guava wood vinegar concentrations. 
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Figure 6. Effect of the guava WV treatment on the vegetative growth of potato plants grown in greenhouses. 
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Table 1. The main chemical constituents of the guava WV were analyzed by GC-MS.
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	Retention Time (min.)
	Compound Name
	Molecular

Formula
	Molecular Weight
	Area

%





	6.44
	2-Cyclopenten-1-one
	C5H6O
	82
	2.39



	8.29
	Butyrolactone
	C4H6O2
	86
	5.74



	9.57
	2-Cyclopenten-1-one, 3-methyl-
	C6H8O
	96
	2.12



	9.86
	Phenol
	C6H6O
	94
	4.32



	10.31
	1-Cyclopentylethanone
	C7H12O
	112
	2.03



	11.05
	Cyclotene
	C6H8O2
	112
	4.59



	12.34
	P-Cresol
	C7H8O
	108
	3.52



	12.91
	Guaiacol
	C7H8O2
	124
	12.82



	16.75
	2-Methoxy-5-methylphenol
	C8H10O2
	138
	3.13



	17.28
	Catechol
	C6H6O2
	110
	3.83



	24.83
	2,6-Dimethoxyphenol
	C8H10O3
	154
	16.12



	28.84
	1,2,4-Trimethoxybenzene
	C9H12O3
	168
	6.39



	31.91
	1,2,3-Trimethoxy-5-(methoxymethyl) benzene
	C10H14O3
	182
	5.58



	43.31
	9, 12, 15-Octadecatrienoic acid,

2-phenyl-1, 3-dioxan-5-yl ester
	C28H40O4
	440
	0.61



	51.97
	Ethyl iso-allocholate
	C26H44O5
	436
	0.04
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Table 2. Disease severity index (%) referred to stem colonization, root covered with sclerotia, and wilt of potato plants inoculated with Colletotrichum coccodes and exposed to different treatments under greenhouse conditions during the 2021 and 2022 growing seasons.
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Treatments

	
Disease Severity Index (%)




	
Season 2021

	
Season 2022




	
SC% *

	
RCS% **

	
Wilt%

	
SC%

	
RCS%

	
Wilt%






	
guava WV 2%

	
25.63 ± 1.90 b

	
23.33 ± 10.00 b

	
33.33 ± 9.43 b

	
23.14 ± 1.62 b

	
26.67 ± 7.63 b

	
33.33 ± 33.34 b




	
guava WV 3%

	
20.16 ± 1.70 c

	
20.00 ± 5.77 c

	
22.22 ± 19.05 c

	
21.91 ± 1.80 c

	
23.33 ± 2.89 b

	
33.33 ± 33.34 b




	
Amistar 25%

	
15.33 ± 1.42 d

	
16.67 ± 2.89 d

	
11.11 ± 19.05 d

	
18.312 ± 1.51 d

	
13.33 ± 5.77 c

	
22.22 ± 19.24 c




	
Inoculate and untreated control

	
60.41 ± 2.30 a

	
63.33 ± 5.77 a

	
55.56 ± 19.23 a

	
73.15 ± 2.10 a

	
73.33 ± 11.55 a

	
66.67 ± 19.24 a




	
LSD at 0.05

	
0.65

	
11.04

	
5.43

	
0.52

	
15.26

	
6.27








SC% * = Stem colonization%, RCS% ** = Root covering with sclerotia%. Values are the mean of three replicates ± standard deviation (SD). In each column, data followed by the same letter do not differ significantly as determined by the LSD test p = 0.05.
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Table 3. Effect of different treatments on plant height, stem diameter, and tuber yield/pot of potato plants cropped under greenhouse conditions during 2021 and 2022 growing seasons.
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Treatments

	
Growing Season 2021

	
Growing Season 2022




	
Plant Height (cm)

	
Stem Diameter (mm)

	
Tuber Yield/Pot

(g)

	
Plant Height

(cm)

	
Stem Diameter (mm)

	
Tuber Yield/Pot

(g)






	
Guava WV 2%;

	
32.00 ± 1.53 b

	
10.33 ± 1.53 a

	
243.52 ± 6.88 b

	
34.00 ± 1.00 ab

	
10.33 ± 2.08 b

	
248.55 ± 2.99 b




	
Guava WV 3%;

	
38.67 ± 3.06 a

	
11.00 ± 1.00 a

	
274.52 ± 5.45 a

	
38.00 ± 2.65 a

	
11.33 ± 1.15 a

	
281.72 ± 6.85 a




	
Amistar 25%;

	
30.33 ± 4.04 b

	
10.33 ± 0.58 a

	
208.67 ± 2.31 cd

	
31.67 ± 3.51 bc

	
10.00 ± 1.00 b

	
211.67 ± 2.89 cd




	
Inoculated and untreated control;

	
21.67 ± 1.53 c

	
7.67 ± 1.16 b

	
195.16 ± 6.01 d

	
22.67 ± 2.08 d

	
7.33 ± 0.58 c

	
198.45 ± 8.06 d




	
Uninoculated and untreated control;

	
27.00 ± 1.00 b

	
9.67 ± 1.16 a

	
215.29 ± 9.52 c

	
29.00 ± 1.73 c

	
9.33 ± 1.53 b

	
227.38 ± 4.93 c




	
LSD at 0.05

	
5.24

	
1.50

	
17.07

	
4.50

	
1.14

	
20.45








Values are the mean of three replicates ±standard deviation (SD). In each column, data followed by the same letter do not differ significantly as determined by the LSD test p = 0.05.
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