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Abstract 

Many Colletotrichum spp. are associated with chilli anthracnose, and fungicides remain one 

of the important means to manage the disease. The present study evaluated the effectiveness of two 

contact fungicides, mancozeb and propineb, and two systemic fungicides, benomyl and 

difenoconazole to inhibit mycelial growth of seven Colletotrichum spp. causing chilli anthracnose 

using poison food and agar disc diffusion assays. In vitro tests of the fungicides showed that the 

two systemic fungicides effectively inhibited mycelial growth of C. fructicola, C. siamense, C. 

truncatum, C. scovillei, and C. fioriniae. The study provides preliminary information on the types 

of fungicide that are suitable for managing anthracnose of chilli fruits in Malaysia. 
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Introduction 

Chilli peppers are commonly consumed raw or as an ingredient in local dishes in Malaysia. 

Anthracnose is one of the most common post-harvest diseases of chilli. Five species of 

Colletotrichum, C. scovillei, C. truncatum, C. siamense, C. fructicola, and C. fioriniae have been 

identified as the causal pathogens of chilli anthracnose in Peninsular Malaysia (Nuraini & Latiffah 

2018).  

Chemical control using fungicides is part of integrated plant disease management to control 

Colletotrichum spp. infection in chilli. Both contact and systemic fungicides have been applied to 

reduce the incidence and severity of anthracnose disease (Harp et al. 2008, Ali et al. 2016).  

Contact or non-systemic fungicides suppress or inhibit fungal growth to prevent penetration 

into plant tissues (Elliott et al. 2015). These fungicides are not absorbed by the plant and remain on 

the plant surface. Therefore, application of contact fungicides after disease development is 

impractical and inefficient. Systemic fungicides are absorbed by the plant and are considered to be 

the most effective fungicides as they can be used to restrict fungal infection after the disease is 

established (Majeed et al. 2014). They can also be applied as protectants or eradicants.  

In vitro study of fungicides is important for preliminary screening of fungicides that are 

effective for controlling anthracnose caused by Colletotrichum species. Choosing the right 

fungicide is important to maximize effectiveness of the product and to prevent fungicide resistance, 
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which is a major constraint in fungicide application. The objective of this study was, therefore, to 

evaluate the in vitro effectiveness of contact fungicides (mancozeb and propineb) and systemic 

fungicides (benomyl and difenoconazole) to control mycelial growth of Colletotrichum spp. 

causing chilli anthracnose.   

 

Materials & Methods 

 

Fungal isolates and in vitro fungicide testing 

Forty isolates of Colletotrichum spp., comprising two species of the C. gloeosporiodes 

species complex (two isolates of C. fructicola and five isolates of C. siamense), two species of the 

C. acutatum species complex (four isolates of C. fioriniae and 14 isolates of C. scovillei), and 15 

isolates of C. truncatum were used for fungicide testing. The isolates were chosen based on their 

degree of virulence observed in pathogenicity tests (Nuraini & Latiffah 2018).  

The effects of two contact fungicides, mancozeb and propineb, and two systemic fungicides, 

benomyl and difenoconazole (Table 1) on mycelial growth of the Colletotrichum isolates were 

evaluated in vitro, using poison food and agar disc diffusion assay methods. These fungicides have 

been reported to be effective to inhibit mycelia growth of Colletotrichum spp. causing chilli 

anthracnose (Peres et al. 2004, Jagtap et al. 2013). Benomyl and difenoconazole were tested at 2 

ppm, 4 ppm, 8 ppm, and 10 ppm according to the concentrations reported by Gopinath et al. (2006). 

Mancozeb and propineb were tested at 100 ppm, 200 ppm, 400 ppm and 500 ppm based on 

concentrations reported by Rajesha et al. (2010). 

 

Table 1 Fungicides tested to control mycelial growth of Colletotrichum spp. causing chilli 

anthracnose. 

 

Active 

ingredient  

Trade/  

product name  

Fungicide group  Form  Type  

Benomyl Benlate  Benzimidazoles  Wettable powder  Systemic  

Difenoconazole Score 250 EC Triazole Emulsifiable concentrate Systemic 

Mancozeb Dithane  Dithiocarbamates  Wettable powder  Contact  

Propineb Antracol  Dithiocarbamates  Wettable powder  Contact  

 

Analysis of mycelial growth by poison food assay 

For the poison food assay, potato dextrose agar (PDA) plates containing fungicide solution at 

the desired concentrations (1 ppm = 1 µg/ml) were used. The concentrations were obtained by 

adding appropriate amounts of stock solution of fungicides to PDA plates. A 5 mm diam. mycelial 

plug obtained from 7-day-old culture of Colletotrichum isolates was placed in the centre of each 

plate. As a control, Colletotrichum isolates were cultured on PDA plates without fungicide. All the 

treatments were in three replicates and repeated twice. The plates were incubated at 27±1°C. After 

7 days, colony diameters were measured in two perpendicular directions. The percentage of 

mycelial growth inhibition versus the control was calculated using the following formula (Grover 

& Moore 1962): 

 

 
 

Analysis of mycelial growth by agar disc diffusion assay 

Prior to fungicide treatments, sterile PDA plates were inoculated with 1 ml of conidial 

suspension (106 conidia/ml) of 7-day-old cultures of the Colletotrichum isolates. Then, 6 mm diam. 

sterile filter paper discs (Whatman no. 1) were soaked in the fungicide solutions of different 
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concentrations. As a control, discs were soaked in sterile distilled water. The treatment and control 

discs were then placed onto the inoculated PDA plates and incubated at 27±1°C for 48 h. The 

diameter of the inhibition zone was measured and recorded. All the treatments were repeated twice. 

 

Statistical analysis 
Differences between treatment groups and controls were analysed using analysis of variance 

(ANOVA) with Turkey’s pairwise comparisons using MINITAB® statistical software version 17. 

A p-value <0.05 was considered significant. 

 

Results 

 

Effects of fungicides on mycelial growth of C. gloeosporiodes species complex 

In both poison food and agar diffusion assays, benomyl and difenoconazole effectively 

inhibited the mycelial growth of C. fructicola and C. siamense (Tables 2, 3). For C. fructicola and 

C. siamense, benomyl caused 100% mycelial growth inhibition at all concentrations tested (2, 4, 8, 

and 10 ppm). Generally, with increasing fungicide concentration, the percentage of inhibition of 

mycelial growth of all isolates increased, and all inhibitory effects were significant at p < 0.05. In 

the agar disc diffusion assay, mean inhibition zones were 1.28–5.15 cm (Table 3). In both assays, 

mancozeb and propineb were not effective in inhibiting the mycelial growth of C. fructicola and C. 

siamense (Tables 2, 3). 

 

Effects of fungicides on mycelial growth of C. truncatum 

Difenoconazole effectively inhibited mycelial growth of C. truncatum using poison food 

assay (Table 2). Mycelial growth inhibition by the tested fungicides increased with increasing 

concentration. At 10 ppm, difenoconazole inhibited mycelial growth by 74.1%, which was the 

strongest effect observed. The lowest effect was observed for benomyl, with 3.6% at 4 ppm, and 

only five out of 15 isolates showed mycelial growth inhibition at this concentration (Table 2). 

Propineb did not inhibit mycelial growth of C. truncatum at all concentrations tested.  

The mean inhibition zones for all tested isolates of C. truncatum are presented in Table 3. 

The inhibition zones for all isolates treated with the four fungicides at different concentrations were 

significantly different at p < 0.05. Difenoconazole at 10 ppm had the strongest effect, with a mean 

zone of inhibition of 2.84 cm, followed by mancozeb at 500 ppm with a mean inhibition zone of 

2.23 cm.  

 

Effects of fungicides on mycelial growth of C. acutatum species complex  

Benomyl and difenoconazole were the most effective in inhibiting mycelial growth of C. 

scovillei and C. fioriniae at all concentrations tested (Tables 2, 3). Mancozeb and propineb were 

only effective at higher concentrations (400 and 500 ppm). 

At all concentrations tested, difenoconazole inhibited mycelial growth of C. fioriniae by 

64.7–78.1% and benomyl inhibited mycelial growth by 76.1–89.1%. Mancozeb and propineb were 

less effective, with inhibition by 41.2% and 32.8%, respectively, at 500 ppm (Table 2). The largest 

mean inhibition zones of C. fioriniae were observed under exposure to benomyl and 

difenoconazole; at 10 ppm, benomyl and difenoconazole treatments resulted in mean inhibition 

zones of 4.65 cm and 4.05 cm, respectively (Table 3). Propineb did not inhibit mycelial growth of 

C. fioriniae even at 500 ppm, which was the highest concentration tested. 

Similar results were observed for C. scovillei. Difenoconazole was the most effective 

fungicide. It inhibited the mycelial growth of C. scovillei by 71.7–87.0% at all concentrations 

tested, followed by benomyl, with 59.6–78.2% inhibition. At 500 ppm, mancozeb and propineb 

exposure resulted in 48.8% and 38.2% mycelial growth inhibition, respectively (Table 2). For C. 

scovillei, the highest mean inhibition zones were recorded for benomyl and difenoconazole, the  
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lowest for mancozeb and propineb. At 10 ppm, benomyl and difenoconazole induced mean inhibition zones of 4.36 cm and 3.75 cm, respectively. At 

500 ppm, the mean of inhibition zone under mancozeb exposure was 2.08 cm, while propineb did not inhibit the mycelial growth of C. scovillei at all 

concentrations tested (Table 3). 

 

Table 2 Percentage inhibition of mycelial growth of Colletotrichum spp. exposed to four fungicides at different concentrations using poison food 

assay. 

 

Species Fungicide Inhibition of mycelial growth (%) 

2 ppm*/100ppm** 4 ppm*/200ppm** 8 ppm*/400ppm** 10 ppm*/500ppm** 

C. fructicola Benomyl 100.00a 100.00a 100.00a 100.00a 

Difenoconazole 60.33cd 61.98c 68.83c 71.41c 

Mancozeb 22.04f 25.80e 29.78ef 34.07ef 

Propineb 

Control 

20.09f 

0.00h 

25.27e 

0.00g 

27.34ef 

0.00h 

28.77f 

0.00h 

C. siamense Benomyl 100.00a 100.00a 100.00a 100.00a 

Difenoconazole 63.99cd 67.16c 72.05c 78.60bc 

Mancozeb 26.82f 30.05e 32.72ef 36.04ef 

Propineb 

Control 

22.80f 

0.00h 

26.22e 

0.00g 

29.53f 

0.00h 

31.73f 

0.00h 

C. truncatum Benomyl 2.67g 3.57f 3.84g 4.66g 

Difenoconazole 55.55d 62.37c 67.83c 74.1c 

Mancozeb 30.95f 34.84e 38.90e 43.12de 

Propineb 

Control 

31.80ef 

0.00h 

33.83e 

0.00g 

37.24ef 

0.00h 

38.97ef 

0.00h 

C. scovillei Benomyl 59.64d 64.93c 70.55c 78.19c 

Difenoconazole 71.66bc 77.67b 82.94b 87.04b 

Mancozeb 38.05e 41.39d 45.86d 48.85d 

Propineb 

Control 

28.41f 

0.00h 

32.33e 

0.00g 

34.59ef 

0.00h 

38.18ef 

0.00h 

C. fioriniae Benomyl 76.19b 79.30b 84.87b 89.09ab 

Difenoconazole 64.69bcd 68.73bc 72.81c 78.28bc 

Mancozeb 29.61ef 39.42de 37.19def 41.19def 

Propineb 

Control 

22.90f 

0.00h 

25.10e 

0.00g 

29.08f 

0.00h 

32.79f 

0.00h 

– Means followed by the same letter are not significantly different (p<0.05) according to Turkey’s test.  
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*Benomyl and difenoconazole tested at 2 ppm, 4 ppm, 8 ppm and 10 ppm. 

**Mancozeb and propineb tested at 100 ppm, 200 ppm, 400 ppm and 500 ppm. 

 

Table 3 Mean zone of inhibition of Colletotrichum spp. treated with four fungicides at different concentrations using agar diffusion assay. 

 

Species Fungicide Mean zone of inhibition (cm) 

2ppm*/100ppm** 4ppm*/200ppm** 8ppm*/400ppm** 10ppm*/500ppm** 

C. fructicola Benomyl 3.73ab 4.38ab 4.95a 5.10a 

Difenoconazole 2.40cdefg 2.83de 3.45bc 3.75cd 

Mancozeb 1.28fgh 1.48fg 1.73de 2.40ef 

Propineb 

Control 

0.00i 

0.00i 

0.00h 

0.00h 

0.00f 

0.00f 

0.00g 

0.00g 

C. siamense Benomyl 4.17a 4.51a 4.93a 5.15a 

Difenoconazole 2.38de 2.97d 3.34c 3.85d 

Mancozeb 1.52gh 1.84fg 2.06de 2.49ef 

Propineb 

Control 

0.00i 

0.00i 

0.00h 

0.00h 

0.00f 

0.00f 

0.00g 

0.00g 

C. truncatum Benomyl 0.00i 0.00h 0.00f 0.00g 

Difenoconazole 1.46h 1.93f 2.37d 2.84e 

Mancozeb 1.43h 1.71fg 2.00e 2.23f 

Propineb 

Control 

0.00i 

0.00i 

0.00h 

0.00h 

0.00f 

0.00f 

0.00g 

0.00g 

C. scovillei Benomyl 3.08bc 3.65bc 4.00b 4.36bc 

Difenoconazole 2.54d 2.98d 3.36c 3.75d 

Mancozeb 1.23h 1.49g 1.79e 2.08f 

Propineb 

Control 

0.00i 

0.00i 

0.00h 

0.00h 

0.00f 

0.00f 

0.00g 

0.00g 

C. fioriniae Benomyl 3.31bc 3.85abc 4.16b 4.65ab 

Difenoconazole 2.84bcd 3.16cd 3.70bc 4.05bcd 

Mancozeb 1.84efgh 1.98efg 2.10de 2.33ef 

Propineb 

Control 

0.00i 

0.00i 

0.00h 

0.00h 

0.00f 

0.00f 

0.00g 

0.00g 

– Mean ± standard deviation followed by the same letter are not significantly different (p<0.05) according to Turkey’s test.  

*Benomyl and difenoconazole tested at 2 ppm, 4 ppm, 8 ppm and 10 ppm.  

**Mancozeb and propineb tested at 100 ppm, 200 ppm, 400 ppm and 500 ppm. 
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Discussion 

In vitro fungicide testing is important for preliminary screening and evaluation of the 

effectiveness of fungicides to control a specific fungal pathogen. Laboratory evaluation allows 

researchers to distinguish effective from ineffective fungicides and, thus, select appropriate 

candidate fungicides for field tests. In vitro fungicide testing is also important to determine the 

minimum or effective dose required to control the fungus, as well as to detect fungicide resistance. 

In-vitro tests have been widely implemented in previous studies to determine the efficacy of 

fungicides towards Colletotrichum spp. causing anthracnose on various types of crops, e.g., C. 

truncatum on chilli (Gopinath et al. 2006), C. gloeosporioides on mango (Kumar et al. 2007), and 

C. acutatum on tomato (Chapin et al. 2006). 

The present study indicated that benomyl effectively inhibited mycelial growth of C. 

fructicola and C. siamense, even at the lowest concentration (2 ppm). Similar results were obtained 

by Velho et al. (2015) who reported that the mycelial growth of C. fructicola isolates causing apple 

anthracnose was completely inhibited by treatment with benomyl at 0.5 and 10 ppm. Growth of C. 

gloeosporioides causing chilli (Rampersad & Teelucksingh 2012) and mango (Martínez et al. 2009) 

anthracnose was strongly inhibited by benomyl. The mycelial growth of C. gloeosporioides causing 

citrus anthracnose was also highly inhibited by benomyl at 0.1–10 ppm (Aiello et al. 2015).  

The second most effective fungicide inhibiting mycelial growth of C. fructicola and C. 

siamense was difenoconazole. Lima et al. (2015) reported that difenoconazole at 0.5 ppm inhibited 

by 60% mycelial growth of C. fructicola causing anthracnose of mango. In a study by Patil et al. 

(2010), difenoconazole completely inhibited the mycelial growth of C. gloeosporioides causing leaf 

blight of sapota fruit (chikoo). Mancozeb and propineb had very limited inhibitory effects on 

mycelial growth of C. fructicola and C. siamense, even at 500 ppm (Table 2). Kumar et al. (2007) 

examined the efficacy of different fungicides against C. gloeosporioides from mango and found 

that mancozeb was ineffective in inhibiting the mycelial growth (<40% inhibition). In a study by 

Jayalakshmi et al. (2012) propineb was ineffective in inhibiting mycelial growth of C. 

gloeosporioides causing anthracnose of pomegranate, with only 14.83% inhibition at 100 ppm. In 

contrast, Lim et al. (2009) reported that propineb at a very high concentration (1500 ppm) 

effectively inhibited mycelial growth of C. gloeosporioides causing persimmon anthracnose by 

90%. 

For C. truncatum isolates, only difenoconazole exhibited strong mycelial growth inhibition of 

82.14% at 10 ppm. Gopinath et al. (2006) reported that difenoconazole strongly inhibited mycelial 

growth of C. truncatum causing chilli anthracnose at 10 ppm (79.44%) and 25 ppm (90%). Gawade 

et al. (2009) screened five fungicides for their efficacy against C. truncatum and found that 

difenoconazole was among the most effective, with 82.91% inhibition at 100 ppm. Mancozeb and 

propineb showed low effectiveness (<50% inhibition), even at 500 ppm, for all C. truncatum 

isolates tested. Similar results were reported by Alam & Basu (2014); mancozeb and propineb were 

not very effective in inhibiting mycelial growth of C. truncatum, with 38% and 26.8% inhibition at 

250 ppm, respectively. In another study using in vitro testing of mancozeb against C. truncatum, 

this fungicide was not effective at 500 ppm, with only 42.96% mycelial growth inhibition, but it 

was effective at 1500 ppm, with 75% mycelial growth inhibition (Jagtap et al. 2013). Benomyl was 

not effective against C. truncatum; mycelial growth was inhibited in only five isolates by 10 ppm 

of benomyl. Similarly, Rampersad & Teelucksingh (2012) reported that benomyl was not effective 

in inhibiting the mycelial growth of C. truncatum causing chilli anthracnose at concentration less 

than 10 ppm (16.2% mycelial inhibition), but was effective at concentrations of more than 100 ppm 

(63% mycelial inhibition). However, Ramdial & Rampersad (2015) showed that benomyl 

completely inhibited mycelial growth of all C. truncatum isolates causing anthracnose of bell 

pepper at 0.1, 1, and 10 ppm.  

The fungicide efficacies for the C. scovillei and C. fioriniae isolates tested were quite similar 

to previous results reported for C. acutatum sensu lato (Freeman 2008). In this study, benomyl and 

difenoconazole at 10 ppm inhibited mycelial growth by more than 60% for all isolates of C. 

scovillei and C. fioriniae tested. Peres et al. (2004) reported that mycelial growth of C. acutatum 
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causing citrus anthracnose was effectively inhibited by benomyl at 1 ppm. Difenoconazole is also 

effective in inhibiting the mycelial growth of C. acutatum sensu lato causing strawberry 

anthracnose at low concentration (0.15 ppm) (Freeman et al. 1997). However, Kenny et al. (2012) 

showed that benomyl was effective only at the high concentration of 100 ppm for inhibiting growth 

of C. acutatum.  

Mancozeb and propineb were not effective in inhibiting the mycelial growth of C. scovillei 

and C. fioriniae. Similar results were reported by Jilkova et al. (2015); among seven fungicides 

tested, mancozeb was the least effective against C. acutatum sensu lato causing anthracnose of 

lupin and strawberry. In contrast, Kenny et al. (2012) found that mancozeb at 100 ppm was quite 

effective (71% growth inhibition) against C. acutatum from coffee berry.  

In general, all the fungicides tested in this study to some extent inhibited the mycelial growth 

of Colletotrichum isolates, and their inhibitory effect increased with higher concentration. The two 

systemic fungicides, benomyl and difenoconazole, were the most effective against all five isolates 

tested in both poison food and agar disc diffusion assays. Colletotrichum spp. causing postharvest 

chilli anthracnose can attack all plant parts, including seeds, leaves, roots, and fruits (Saxena et al. 

2014). Therefore, systemic fungicides are suitable to control anthracnose infections, as they are 

taken up via the roots and distributed to the various plant tissues, including the infection sites. The 

contact fungicides, mancozeb and propineb, were less effective in inhibiting the mycelial growth of 

Colletotrichum spp. causing chilli anthracnose. As contact fungicides are not absorbed by the plant 

and are effective only at the site of infection, they are more suitable to control local infections, such 

as leaf spot disease.  

To our knowledge, this is the first report of fungicide efficacy testing of C. fructicola, C. 

siamense, C. truncatum, C. scovillei, and C. fioriniae causing anthracnose of chilli in Malaysia. The 

results presented provide important information related to the efficacy of systemic and contact 

fungicides to control chilli anthracnose caused by five species of Colletotrichum. The use of these 

fungicides should be considered as part of integrated management of chilli anthracnose. In 

conclusion, this study showed that two systemic fungicides, benomyl and difenoconazole, are 

effective in inhibiting mycelial growth of C. fructicola, C. siamense, C. truncatum, C. scovillei and 

C. fioriniae, while the contact fungicides, mancozeb and propineb were less effective against these 

five Colletotrichum spp.  
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