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Anthracnose disease on chili pepper has been known to seriously interfere with the plant growth and obviously reduce the yield. The disease is caused by Colletotrichum spp. In Bali, Indonesia, six species of Colletotrichum have been identified: Colletotrichum scovillei, C. acutatum, C. nymphaeae, C. gloeosporioides, C. truncatum, and C. fructicola. However, among them the C. scovillei was found to be the most prevalent cause of anthracnose on chili pepper in Bali. Two species of antagonist against C. scovillei, namely Paenibacillus polymyxa C1 and Bacillus siamensis C7B, have been identified. In this study the effectiveness of P. polymyxa C1 formulation was evaluated under greenhouse condition on chili pepper cultivars Cabe Besar. Application of formulation was conducted by a mini hand sprayer once to five times with a week interval. Results of the study showed that treatment with five applications significantly (p < 0.05) reduced the disease incidence, disease intensity, and the yield loss of chili pepper cultivar Cabe Besar. Alose relationship was observed between the number of applications with disease intensity, with coefficient of determination (R2) at 0.929. These results revealed that the formulation of P. polymyxa C1 effectively control the anthracnose disease on chili pepper, particularly on chili pepper cultivar Cabe Besar, and thus can be recommended for field testing to confirm its stability under field conditions.
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INTRODUCTION

Cultivation of chili pepper in Bali, Indonesia, is frequently affected by anthracnose disease, caused by Colletotrichum spp. The incidence of the disease in this region was reported at 84% and disease intensity varied from 22 to 78% (Khalimi et al., 2019). A study done by Khalimi et al. (2019) identified six species of Colletotrichum as the cause of anthracnose disease on chili pepper in Bali: Colletotrichum scovillei, C. acutatum, C. nymphaeae, C. gloesporioides, C. truncatum, and C. fructicola. Among them, C. scovillei was the most prevalent, with rates of 55%. The disease causes 10 to 80% of yield losses depending on cultivation areas (Poonpolgul and Kumphai, 2007; Asare-Badiako et al., 2015; Diao et al., 2017).

Development of a resistant chili cultivar is expected to be effective in controlling the disease, however the resistance against Colletotrichum spp. is often broken down under field conditions (Park, 2007). Synthetic fungicides are generally used by farmers to control anthracnose disease; however, this measure is not always effective to reduce the disease incidence. Other alternative measures are needed to overcome the problem of anthracnose disease on chili pepper, while remaining safe for the consumers and environment.

Because of the increased preference of consumers for organic agricultural products in Indonesia, organic farming systems are becoming popular among farmers and consumers (Shiotsu et al., 2015). To develop organic farming, it is important to provide bio-control agents to manage plant diseases. The use of bio-agents to control plant fungal diseases may reduce the use of synthetic chemical fungicides and hence reduce the adverse effect to the environment. Several bio-agents have been found and reported to possess inhibitory activities against plant pathogens. Piriformospora indica, Trichoderma viride, Acremonium lolii, and Colletotrichum lindemuthianum protected against leaf rust of wheat caused by Puccinia recondite (Anwaar et al., 2019), Bacillus cereus SSB1 effectively controlled Pectobacterium infection in potato (Sarfraz et al., 2019) and Bacillus amyloliquesfaciens BA-16-8 inhibited the growth of Penicillium expansum, which is the cause of postharvest decay in apple (Fu et al., 2020).

One type of bio-agent that could potentially be used for plant fungal disease control is rhizobacteria. Rhizobacteria are bacteria that colonize the plant root and give beneficial effect to the plant through growth promotion (Saharan and Nehra, 2011). Enterobacter cloacae KtB3 isolated from the rhizosphere of groundnut were proven to effectively control the damping-off disease on soybean caused by Sclerotium rolfsii (Mahartha and Suprapta, 2018). Rhizobacteria are able to produce phyto-hormones such as indole acetic acid (IAA), ACC deaminase to fix atmospheric nitrogen and act as antagonistic microbes against plant pathogen through the production of siderophores, and β-1,3-glucanase, chitinase, cellulase, and antibiotics, which are able to dissolve phosphate and other nutrients in the soil (Soesanto, 2008; Guo et al., 2015; Saleem et al., 2015). For example, Pseudomonas fluorescens produced 2, 4-diacetyl phloroglucinol that effectively suppressed plant fungal pathogens (Nowak-Thompson et al., 1994). Pseudomonas stutzeri produced extracellular chitinase enzyme and laminarinase that were able to decompose the mycelia of Fusarium solani (Mauch et al., 1988). Our previous study showed that two species of antagonist, namely Paenibacillus polymyxa C1 and Bacillus siamensis C7B, were proven to possess strong antifungal activities against C. scovillei (Darmadi et al., 2020).

Based on the above-mentioned consideration, this study was done to evaluate the effectiveness of the formulation of P. polymyxa C1 to reduce the disease incidence and intensity of anthracnose on chili pepper as well as to reduce the yield losses of chili cultivar Cabe Besar.



MATERIALS AND METHODS


Preparation of Formulation

Paenibacillus polymyxa isolate C1 was used to develop the formulation. In general the formulation contained the following components: potato broth 3–5% (v/v), dextrose 1–3% (w/v), yeast extract 0.2–0.4% (w/v), extract of green bean sprouts 2–5% (v/v), spore's suspension of P. polymyxa C1 (106 CFU/ml) 0.2–0.5% (v/v), and distilled water to bring the total volume to one liter. Seven formulations were prepared with the components as shown in Table 1.


Table 1. Detail components of formulation of P. polymyxa C1.
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All components of the formulation (except for suspension of P. polymyxa C1) were put into 1.000 ml Erlenmeyer, covered with aluminum foil, and autoclaved for 20 min at 121°C. After the formulation reached room temperature, suspension of P. polymyxa C1 was added aseptically in a laminar air flow. Each formulation was made in four replications (four L). These cultures were incubated for 72 h in the dark at room temperature (28 ± 2°C. Population of bacteria in each formulation was counted. A serial of dilution (10−1−10−9) was made using sterile distilled water. Each 0.2 ml of respective dilution was grown in NA medium on Petri dishes and incubated in the dark under room temperature for 48 h. The number of colonies were counted and compared among formulations. The formulation with the highest number of colonies was used for further tests.



Application of Formulation on Chili Pepper Fruit

Formulation F6 was selected and used for testing on fruits of chili pepper cultivar Cabe Besar. This experiment was done to know the optimum concentration to control anthracnose disease. Six levels of concentration (v/v) were tested: Control (0%, with distilled water only) (K0), concentration 1% (K1), 3% (K3), 5% (K5), 7% (K7), and 9% (K9). Each concentration was replicated four times. Thus, there are 24 experimental units consisting of 10 chili pepper fruits placed on plastic trays.



Inoculum Preparation

Colletotrichum scovillei SGCR was provided by the Laboratory of Biopesticide Faculty of Agriculture Udayana University, Bali that previously was identified based on 18S rRNA gene analysis (Khalimi et al., 2019). The fungus was transferred onto slant PDA medium for 7 days and the spores were harvested using sterile distilled water by wire loop. The suspension was then sieved with No. 1 Whatman filter paper to separate the mycelia and hyphae. The spore's density was determined on hemocytometer under light microscope. The spore's density was adjusted into 106 spores/ml by adding sterile distilled water.



Preparation of Chili Pepper Fruits

The mature fruits of chili pepper cultivar Cabe Besar obtained directly from the farmers with similar size and maturity were selected; they were then washed with tap water to remove the surface contaminants and then were washed with sterile distilled water and wiped with sterile tissue paper. All fruits were then surface sterilized using alcohol 70% for about 2 min, then rinsed in sterile distilled water, and wiped with tissue paper. Fruits were divided into 10 fruits then put in a plastic tray (17.5 x 22.5 cm in size) with wet towel tissue on the bottom.



Application of Formulation and Inoculation

The chili pepper fruits were pierced with needles on the upper surface at three sites. Application of formulation was done by spraying the formulation at six levels of concentration: 0% (K0), 1% (K1), 3% (K3), 5% (K5), 7% (K7), and 9% (K9). Each concentration was replicated four times, thus there are 24 experimental units consisting of plastic tray with chili pepper fruits. Thirty minutes after formulation application, all fruit were inoculated with spore's suspension of C. scovillei with 107 spores/ml. Inoculation was done over the upper surface of chili pepper fruit using a mini hand sprayer. After inoculation the trays were covered with cling plastic wrap to maintain the humidity. All trays were incubated in the dark under room temperature (28 ± 2°C) for 5 days. Number of inoculation sites developed into anthracnose lesions were counted and compared among treatments.



Green House Experiment

As the best concentration was determined based on in vivo experiment of chili pepper fruits to be 5%, in the greenhouse experiment the frequency of application was evaluated. Frequencies of application varied from 0 to 5 times, namely 0 (F0 = Control), once (F1), twice (F2), three times (F3), four times (F4), and five times (F5). Each frequency was replicated four times, thus, there are 24 experimental units consisting of 10 polybags of chili pepper plants. All treatment was allocated based on randomized block design (CRD).

Parameters observed in this experiment included disease incidence, disease intensity, and weight of consumable fruits per plant.

Observation of disease intensity on chili pepper fruit was done three days after formulation application according to formula developed by Sinaga (2006), as follows:

Description:
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The score for each category is determined as follows:

0 = no Symptom Observed

1 = Very Light Symptom (0–10% Fruit Surface Destroyed)

2 = Light Symptom (10–30% Fruit Surface Destroyed)

3 = Medium Symptom (30–50% Fruit Surface Destroyed)

4 = Severe Symptom (50–75% Fruit Surface Destroyed)

5 = Very Severe Symptom (75–100% Fruit Surface Destroyed)



Data Analysis

All data obtained in this experiment were subjected to the analysis of variance (ANOVA) and followed by Duncan's Multiple Range Test (DMRT) at 5% to determine significant difference. This statistical analysis was done using software SPSS for windows version 17.0 year 2009.




RESULTS

Among seven formulations tested, formulation F6 showed the highest number of P. polymyxa C1 colonies. This formulation containing 4% (v/v) potato broth, 3% (w/v) dextrose, 0.3% (w/v) yeast extract, 5% (v/v) green bean sprout extract, 0.4% (v/v) suspension of P. polymyxa C1, and 87.3% (v/v) distilled water resulted in 26.25 x 107 CFU/ml superior among others, as presented in Table 2.


Table 2. Population of Paenibacillus polymyxa C1 in respective formulation.
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Effectiveness of F6 to Control Anthracnose Symptom on Chili Pepper Fruit

Six levels of concentration of formulation F6 were evaluated for their effectiveness to suppress anthracnose symptom in vivo on fruits of chili pepper cultivar Cabe Besar. Results of this experiment showed that concentration at 5, 7, and 9% (v/v) totally inhibited the development of anthracnose symptom on Cabe Besar as presented in Table 3. This result suggested that formulation F6 at a concentration of 5% (v/v) is enough to suppress the growth of C. scovillei and the development of anthracnose disease.


Table 3. Effects of concentration of formulation F6 on the number of anthracnose lesions on chili pepper fruit cultivar Cabe Besar in vivo.
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Effectiveness of Formulation in a Green House

Result of the experiment under greenhouse condition showed that treatment with formulation F6 significantly (p < 0.05) reduced the disease incidence, disease intensity, and consumable chili pepper fruits per plant. Treatment of five times application (F5) showed the disease incidence to be only 1.88% with disease intensity at 2.12%, but it is not significantly different from the treatment of F4 (four applications). While in the Control (F0) the disease incidence and intensity were 70.68 and 69.80% respectively (Tables 4, 5). The frequency of application also significantly (p < 0.05) affected the weight of healthy fruits per plant. The weight of healthy fruits on Control (F0) was only 43.93 g/plant while for that of F5 was 476.98 g/plant (Table 6). This result suggested that the formulation of P. polyxyxa C1 effectively reduced the disease incidence and intensity on the one hand, and on the other obviously avoided yield losses.


Table 4. Effect of frequency of application of F6 to the incidence of anthracnose disease on chili pepper cultivar Cabe Besar.
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Table 5. Effect of frequency of application of F6 to the disease intensity on chili pepper cultivar Cabe Besar.
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Table 6. Effect of frequency of application of F6 to the weight of healthy fruits/plant on chili pepper cultivar Cabe Besar.
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There was a close relationship between the frequency of application and disease intensity, and the disease intensity with the weight of healthy fruits per plant. The coefficient determination for those relationships were 0.929 and 0.905 respectively (Figures 1, 2).


[image: Figure 1]
FIGURE 1. Relationship between frequency of application of formulation F6 with the disease intensity on chili pepper cultivar Cabe Besar.



[image: Figure 2]
FIGURE 2. Relationship between disease intensity with the weight of healthy fruits per plant on chili pepper cultivar Cabe Besar.





DISCUSSION

Paenibacillus polymyxa C1 was proven to be a potential bioagent against C. scovillei, the prominent cause of anthracnose disease on chili pepper in Bali, Indonesia (Khalimi et al., 2019). In the present study the effectiveness of a formulation containing suspension of P. polymyxa C1 was tested in a greenhouse to control anthracnose disease on chili pepper cultivar Cabe Besar. Some species of microbes have been proven to possess potential antagonistic activities against plant fungal pathogens. Several of them have been successfully used as biocontrol agents against plant fungal diseases (Suprapta, 2012; Widnyana et al., 2013; Parwati et al., 2014; Suprapta et al., 2014; Guo et al., 2015; Hudge, 2015; Adame-Garcia et al., 2016).

In our previous study we detected three compounds in the cell-free filtrate of P. polymixa C1: 3-hydroxy-2-butanone, 2, 3-Butanediol, and 2, 3-Butanediol (Darmadi et al., 2020). Other researchers proved that 3-hydroxy-2-butanone is a volatile compound with antifungal activity (Lim et al., 2017). Arrebola et al. (2010) also proved that 3-hydroxy-2-butanone is a volatile compound with antifungal activity against Penicillium crustosum. A compound 2,3-butanediol extracted from a culture of P. polymyxa was proven to induce systemic acquired resistance against Phytophthora parasitica var. nicotianae (Park et al., 2018). Scanning electron microscopy showed that serious damage on the mycelia of C. scovillei was observed. Wrinkles were observed on the mycelia of C. scovillei grown side by side with P. polymyxa C1, whereas no such wrinkle was observed on C. scovillei grown alone (Darmadi et al., 2020). A study done by Shahbazi et al. (2014) showed that antagonistic Streptomyces rochei strain P14 caused hyphal tip lyses, folding back, stunted mycelium, disintegrated hyphae, and curling of hyphae on Colletotrichum, the cause of anthracnose on chili pepper. This strain, P14, produced chitinase (Shahbazi et al., 2014).

In this study the best formulation was F6 containing 4% (v/v) potato broth, 3% (w/v) dextrose, 0.3% (w/v) yeast extract, 5% (v/v) green bean sprout extract, 0.4% (v/v) suspension of P. polymyxa C1, and 87.3% (v/v) distilled water. This formulation resulted in the highest population of bacteria. In a greenhouse test on chili pepper cultivars Cabe Besar, treatment with formulation containing suspension of P. polymyxa C1 effectively reduced the disease incidence and intensity, as well as increased the weight of healthy fruit per plant. A close relationship was observed between frequency of application (1 to 5 times) and the disease intensity of anthracnose on chili fruit with coefficient of determination (R2) = 0.929, suggesting that the higher frequency of application resulted in less disease intensity. A close relationship was also observed between disease intensity with number of healthy fruits per plant, suggesting that disease intensity is the main factor influencing number of healthy fruits per plant. Although the test was done under greenhouse conditions, our present results revealed that formulation F6 is promising for controlling the anthracnose disease on chili pepper. This result is similar to the result obtained by Shahbazi et al. (2014) where Streptomyces rochei strain P14 significantly decreased disease severity and increased fresh fruit weight of chili when compared with control (treatment with Colletotrichum only). The average disease severity reduction from 75% (on control) to 10% (treatment with strain P14). Raghunandan et al. (2019) tested the efficacy of antagonistic yeasts (Pichia guilliesmondii Y-12, Hanseniaspora uvarum Y-73), fungus (Trichoderma asperellum Th-3), and bacterium (Pseudomonas fluorescens Pf-1) to control fruit rot/anthracnose disease on chili under field conditions over two seasons. All bio-agents significantly reduced the disease intensity and increased the fruit yield per hectare. The disease intensities on treated plants varied from 13.42 to 16.38%, while fruits yield obtained on plants treated with bio-agents varied from 7.36 to 80.89 ton/ha, while for that of control was only 4.35 ton/ha.

Several other bioagents have been studied in relation to their antifungal activity against Colletotrichum as well as their efficacy to control anthracnose disease on chili pepper. The use of Trichoderma viridae and Pseudomonas fluorescens individually or in combination significantly lowers the anthracnose disease incidence (Reddy et al., 2011). An antagonistic yeast, Pichia guilliermondii strain R13, was reported to reduce the disease incidence of anthracnose in chili pepper incited by C. truncatum as low as 6.5% (Chanchaichaovivat et al., 2008). Kim and Yun (2011) reported that under greenhouse conditions, treatment with Myxococcus sp. KYC 1126 obviously lowered the incidence of anthracnose in hot pepper. The incidence of anthracnose in control seedlings was 74%, while for treated seedlings was only 29%. Prihatiningsing et al. (2019) proved that microencapsulates containing Bacillus subtilis B298 reduced anthracnose disease intensity by 48%. This microencapsulated B. Subtilis B298 is considered to induce systemic resistance on chili as total phenol in the treated plants increased.

In the present study it is proven that a formulation containing suspension of P. polymyxa C1 significantly reduced both disease incidence and disease intensity on chili pepper, and thus can be considered an environmentally friendly measure to protect chili pepper from anthracnose disease.



CONCLUSION

This study confirmed that treatment with a formulation containing suspension of P. polymyxa C1 effectively reduced the disease incidence, disease intensity, and the yield loss of chili pepper cultivar Cabe Besar. Alose relationship was observed between the number of applications with disease intensity, and the disease intensity with the number of healthy fruits. These results suggested that the formulation of P. polymyxa C1 effectively controlled the anthracnose disease on chili pepper cultivar Cabe Besar, and can be recommended for field testing before it is used widely in the field.
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Sd, Standard devation.
“Average of 4 (four) replications.
“*Values followed by the same letter did not significantly diferent according to Duncan’s

Multiple Range Test at 5% level.
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No. Treatment Disease incidence Inhibitory activity

(%) + Sd* compared to FO (%)
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3 F2 31280 +7.89 55.78
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5 F4 4.96e + 1.98 92.98
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Sd, Standard deviation.
“Average of 4 (four) replications.
“*Values followed by the same letter did not significantly diferent according to Duncan’s
Multiple Range Test at 5% level.
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8d, Standard deviation. *Average of 5 (five) replications.
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No. Treatment Disease intensity Inhibitory activity

(%) & Sd* compared to FO (%)
1 FO 69.80a"" + 18.17 -

2 F1 45.85b + 16.78 34.31

3 F2 20.490 + 8,65 57.75

4 F3 12.49d % 5.42 82.11

5 F4 3ite+2.74 9554

6 F5 2120 +1.88 96.96

Sd, Standerd deviation.

“Average of 4 (four) replications.

“Values followed by the same letter did not significantly different according to Duncan's
Multiple Range Test at 5% level.
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No. Treatment Weight of healthy Estimated yield

fruits (g/plant) & Sd* (ton/ha)**
1 FO 43.93a** +9.26 1.0
2 F 107.15b + 24.47 255
3 F2 21010 + 23.78 500
4 F3 283.92d +32.46 676
5 Fa4 447 .56e + 52.78 10.66
6 F5 476.98¢ + 48.93 11.36

Sd = Standard deviation.

“Average of 4 (four) replications.

‘Planting spacing was 60 x 70cm, with estimated number of plants 23,809/ha.
**Values followed by the same letter did not significantly different according to Duncen's
Multiple Range Test at 5% level.
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