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Introduction 

                Papaya (Carica papaya L.) is considered as the largest 

contribution of tropical fruit production in developing countries. 

Papaya is a dominant fruit crop, belonging to the family Caricaceae. 

Carica is the largest of the four genera with 48 species, among which 

Carica papaya L. is the most important and cultivated all over the 

world.
1
 Papaya fruits are very susceptible to diseases caused by many 

microorganisms especially fungi, as its high in moisture and 

nutrients.
2
 Anthracnose of papaya is commonly caused by 

Colletotrichum gloeosporioides (Penz.) Penz. & Sacc. (teleomorph 

Glomerella cingulata (Stoneman) Spauld & Schrenk) and is a major 

postharvest disease throughout papaya production areas in the tropics 

and subtropics.
3
 Anthracnose results in pre and post-harvest losses. In 

general, pathogens associated with complex papaya anthracnose 

symptoms are classified as Colletotrichum gloeosporioides. However, 

studies have shown that this species is not always the only one 

involved in the disease.
4,5

 There are several species of the 

Colletotrichum genus that cause numerous diseases in various hosts, 

whose symptoms are not always visible until the fruit begins the 

maturation process.
6
 Symptoms of anthracnose infection of papaya 

fruit are typically seen as distinct circular sunken lesions on mature to 

ripe fruit. Colletotrichum species cause anthracnose disease in a  
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number of hosts, including legumes, tree crops, fruits, and vegetables, 

and are among the most economically important plant pathogens 

worldwide. In some cases, several Colletotrichum species or biotypes 

can form an infection complex in a single host.
7
 Therefore, it is 

essential to identify the prevailing species since the epidemiology of 

fungal species and the control methods vary.
8
 Postharvest diseases of 

fresh fruits are traditionally being controlled by synthetic chemical 

fungicides.
9
 Synthetic fungicides are currently used as primary means 

for the control of plant disease. However, the alternative control 

methods are needed because of the negative public perceptions about 

the use of synthetic chemicals, resistance to fungicide among fungal 

pathogens, and high development cost of new chemicals.
10

  The uses 

of plant-derived products as disease control agents have been studied, 

since they tend to have low mammalian toxicity, less environmental 

effects and wide public acceptance.
11

 Crude extracts of some well-

known medicinal plants are used to control some of the plants 

pathogens.
12

 Medicinal plants are used as excellent antimicrobial 

agents because it possess a variety of chemical constituents in nature 

recently much attention has been conducted towards extracts and 

biologically active compounds isolated from popular plant species.  In 

general, studies of this nature are becoming popular for 

Colletotrichum spp. since the methods based on morphological and 

cultural tests have not always been satisfactory.
7
 Molecular methods 

based on DNA sequences are indispensable especially for cryptic 

species.
13

  Objective of this study was to identify different isolates of 

Colletotrichum sp. associated with papaya anthracnose disease by 

growth, morphological and pathogenic variations and  control the 

mycelial growth of Colletotrichum sp. associated with papaya 

anthracnose disease by using extracts of selected medicinal plants and 

compare with commercial fungicides available in Sri Lanka. 
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Anthracnose disease caused by Colletotrichum species is a common postharvest disease of 

papaya fruit in Sri Lanka. The present study was conducted to determine the morphological and 

pathogenic variations, control of pathogen by the application of extracts of some medicinal 

plants and commercial fungicides and influence of culture media on the growth of 

Colletotrichum isolates associated with papaya anthracnose disease in Jaffna.  Four 

Colletotrichum isolates (ISO1, ISO2, ISO3 and ISO4) were isolated from anthracnose diseased 

papaya (Carica papaya L.) fruits. Length, width and length:width ratio of the spores differed 

significantly among 4 isolates under light microscope. Among the different culture media tested, 

potato and beetroot dextrose agar media supported the growth of colletotrichum isolates 

significantly. When the PDA medium was supplemented with different plant sources, amount of 

mycelium in cowpea medium of 4 isolates was high compared to other media. ISO2 had dense 

mycelium in coconut oil seed cake medium. When compared to the control, cinnamon extract 

showed 11, 18, 9 and 14% of inhibition on the growth of isolates ISO1, ISO2, ISO3 and ISO4 

isolates respectively. Clove extract completely inhibited the growth of isolates ISO1 and ISO2 

and showed more than 50 % of inhibition of growth of Isolates ISO3 and ISO4. Balloon vine 

extract showed significant inhibition in the growth of all four Colletotrichum isolates.  
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Materials and Methods 

Isolation of fungi 

Papaya fruits with symptoms of anthracnose were collected in May, 

2017 from 15 locations belonging to 15 divisional secretariat (DS) 

divisions of Jaffna District (Figure 1). Fungi were isolated from 

anthracnose lesions of papaya fruits. The infected fruits which showed 

typical symptoms were surface sterilized in 1 % Clorox solution for 

three minutes and washed repeatedly thrice in sterile distilled water 

then air-dried on a clean bench. Then surface sterilized peels of fruit 

were cut into small bits measuring about 1-2 cm and transferred to 

sterile petri plates containing Potato Dextrose Agar (PDA) medium 

with streptomycin 100 µg/mL under aseptic conditions then incubated 

at room temperature (give the temp range). The fungal colonies that 

appeared on the papaya fruit peel after incubation period were 

inoculate on to fresh sterile PDA medium to obtain pure cultures and 

for identification. 

Growth characteristics of Colletotrichum isolates in different media 

Five millimeter diameter discs of each fungus obtained from pure 

cultures were transferred at the center of sterile Petri dishes (in 

triplicates) containing five different growth media e.g. (i) Commercial 

Potato Dextrose Agar (CPDA) [CPDA 39 g; Distilled H2O 1L] (ii) 

Potato Dextrose Agar (PDA) [Potato (peeled) 200 g; Dextrose 20 g; 

Agar 15 g; Distilled water 1L] (iii) Yam Dextrose Agar (YDA) [Yam 

(peeled) 200 g; Dextrose 20 g; Agar 15 g; Distilled water 1L] (iv) 

Cassava Dextrose Agar (CDA) [Cassava 200 g (peeled); Dextrose 20 

g; Agar 15 g; Distilled water 1 L] (v) Beet root Dextrose Agar (BDA) 

[Beet root (peeled) 200 g; Dextrose 20 g; Agar 15 g; Distilled water 

1L) and (vi) Sweet potato Dextrose Agar (SDA) [Sweet potato 

(peeled) 200 g; Dextrose 20 g; Agar 15 g; Distilled water 1L). The 

Petri dishes of three replicates in each medium were then incubated 

for 6 days at 32 ± 3 
o
C at room temperature and macroscopic features 

(e.g. Colour of the upper surface and reverse side, texture of colonies) 

of colony characters and rate of colony growth (cm/day) on each 

medium were recorded.
14

 

 

Growth characteristics of Colletotrichum isolates in Agar medium 

substituted with different natural plant sources 

Five millimeter diameter discs of each fungus obtained from pure 

cultures were transferred at the center of sterile Agar (15 g/L) with six 

natural plant sources such as 39 g/L (instead of CPDA) of Cowpea, 

Sesame oil seed cake, Soy bean, Horse gram, Coconut oil seed cake 

and Corn separately. Plates of three replicates in each medium were 

incubated for 6 days at room temperature (32 ± 3 
o
C). Then 

macroscopic features (e.g. colour of the upper surface and reverse 

side, texture of colonies) of colony characters and rate of colony 

growth (cm/day) on each medium were recorded.
14

 

 

Variation of spore morphology of Colletotrichum isolates 

Spore shapes and dimensions observed by light microscope under high 

power (MC-20, Microse, Ostia) were measured. Thirty spores from 

each fungal isolate were selected randomly and used to measure width 

and length by a calibrated ocular micrometre.
14

  

 

Pathogenic variation 

Pathogenicity of the isolated fungi were performed under laboratory 

conditions. Fully matured (percentage maturity 25%) green unripe 

papaya fruits were collected from the field (Thirunelvelly, Jaffna), 

washed thoroughly under running tap water. The fruits were surface 

sterilized with 1 % Clorox solution for 3 minutes and rinsed with 

sterilized distilled water three times. Surface disinfected fruits were air 

dried under a laminar air flow cabinet and subjected to pathogenicity 

trials. Concentration of the collected spore suspension of each isolate 

was adjusted by Hemocytometer to 10
5
 conidia/mL (grown for six 

days on PDA) separately.
15

 Two wounds were made on each papaya 

fruit using cork-borer (5 mm diameter) and filled with 20 µL spore 

suspension. The fruits inoculated with sterile distilled water served as 

the control. Inoculated fruits and control were covered with plastic 

tray at the laboratory of Department of Botany and incubated at room 

temperature (32 ± 3 
o
C). The papaya fruits were arranged according to 

a completely randomized design (CRD) with three replicates. Fungi 

were re-isolated from the artificially inoculated fruits showing typical 

anthracnose symptoms and the cultures obtained were confirmed for 

morphology and colony characters. 

 

Antifungal activity of plant extracts and fungicides in vitro 

Preparation of plant extracts 

Twenty grams of dried clove (Syzygium aromaticum) flower buds, 

dried cinnamon (Cinnamomum zeylanicum) bark, fresh holy basil 

(Ocimum tenuiflorum) leaves and fresh balloon vine (Cardiospermum 

halicacabum) leaves were washed with sterile distilled water and 

soaked in 150 mL of absolute ethanol (99.98 %) for 5 successive days 

separately at room temperature. The supernatant was filtered through 

Whatman filter paper. After the extraction with absolute ethanol, the 

filtrates were then evaporated under reduced pressure at 50∘C using a 

rotary evaporator to yield the crude extract. Crude extracts were mixed 

with 5 mL sterile distilled water  

 

In vitro assay 

In vitro experiment was conducted by mixing 2 mL of clove, 

cinnamon, holy basil and balloon vine ethanol extracts with 10 mL 

PDA medium supplemented with streptomycin (100 µgmL
-1

) and 

pouring it into sterile petri dishes separately. From each isolate of 

Colletotrichum spp., a myclelial plug having diameter of 5 mm was 

placed separately on PDA medium supplemented with clove, 

cinnamon, holy basil and balloon vine extracts and incubated for six 

days at room temperature (32 ± 3 
o
C). Each fungal isolate was 

replicated three times. Controls were maintained for each isolate by 

placing a mycelia plug on PDA medium without any plant extracts. 

Control and tests plates were supplemented with streptomycin (100 

µgmL
-1

). Radial growth of the colony was measured for each isolate 

grown on PDA with and without the plant extracts (control). Relative 

inhibition of colony growth (%) was calculated for each isolate by 

using the growth data values measured after six days on control plates 

and plates amended with plant extracts.
16

 

 

Percentage (%) of inhibition =  

Diameter of control colony – Diameter of treated colony   x 100 

                            Diameter of control colony 

 

Sensitivity to Fungicide in vitro 

Homai (Thiophanate-methyl 50% + Thiram 30% WP), Topsin 

(Thiophanate-methyl 50%) and Green mancozeb (Mancozeb 80% 

(W/W) WP) fungicides recommended by the Department of 

Agriculture, Sri Lanka were used for in vitro assays.  The 

recommended dosage of Homai (1.8 g/L), Topsin (1.2 g/L) and Green 

mancozeb (1.2 g/L) were dissolved in sterile distilled water, added to 

molten PDA medium supplemented with streptomycin (100 µgmL
-1

) 

then mixed thoroughly by gentle shaking. From each isolate of 

Colletotrichum, a myclelial plug having diameter of 5 mm was placed 

separately on PDA medium supplemented with Homai, Topsinn  or 

Green mancozeb separately and incubated for six days at room 

temperature (32 ± 3 
o
C). Each fungal isolate was replicated three 

times. Controls were maintained for each isolate by placing a mycelial 

plug on PDA medium supplemented with the antibiotic but not 

containing the fungicide. Radial growth of the colony was measured 

for each isolate grown on PDA with and without the fungicide 

(control). Relative inhibition of colony growth (%) was calculated for 

each isolate by using the growth data values measured after six days 

on control plates and plates amended with fungicides.
16

 

 

Statistical analysis 

Data were statistically analyzed by Analysis of Variance (ANOVA) 

using a SAS statistical package (version 9.1.3) and mean separation 

was done by Least Significance Difference (LSD). 

 

Results and Discussion 

Four Colletotrichum isolates (ISO1, ISO2, ISO3 and ISO4) were 

isolated from anthracnose infected papaya fruits. Identification of 

Colletotrichum isolates was based on morphological characters such 

as colony characters and size and shape of conidia (Figure 2 and 3) 
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Divisional secretariat (DS) divisions of 

Jaffna District 

and descriptions of Sutton and Waterson
17

, Lim et al.
18

 and Afanador-

Kafuri et al..
 19

 

 

Growth characteristics of pathogen in PDA medium 

Four morphologically different Colletotrichum isolates (i.e. ISO1, 

ISO2, ISO3 and ISO4) could be categorized based on the shape of the 

spores (Table 1). ISO2 isolate produced straight, cylindrical larger and 

hayline spores, which fit well with the description of C. 

gloeosporioides by Sutton.
20

 They also produced greyish-white 

colonies with dark gray to black reverse colony colour which is a 

common macroscopic feature of C. gloeosporioides colonies.
21

 ISO1 

isolates produced fusiform hayline spores, acute at both ends. Both 

upper and reverse surfaces of the colonies grown on PDA were white 

to orange in colour, with slight shades of pink and light mouse grey 

aerial mycelium (Table 1). On the reverse side, the center was orange. 

The spore shape and the colony characters observed for the ISO1 is 

similar to descriptions of C. acutatum.
22

 Colletotrichum acutatum is 

one of the most frequently reported species causing the disease 

commonly known as anthracnose on numerous host plants 

worldwide.
23

 ISO3 isolate of Colletotrichum produced very small-

sized hyaline spores which are cylindrical, straight to spindle shaped 

(Table 1). However, it was not possible to place them at a species 

level based on the available information of colony and spore 

morphology. Isolate ISO4 produced falcate shaped, hyaline and 

relatively large spores (Table 1). Both upper and reverse surfaces of 

the colonies grown on PDA were white in colour, which fit well with 

the description of C. capsici.
24

 

 

Variation of spore morphology of Colletotrichum isolates 

All four isolates produced straight, cylindrical relatively larger and 

hayline spores with length to width ratio of about 4:1. Generally, 

conidial shape of most isolates looked very similar (Figure 2). Results 

summarized in Table 1 demonstrated considerable variation in 

conidial dimensions, particularly the width. Variability of conidial 

length within the isolates was greatest in Colletorichum isolate. There 

was significant difference among 04 in conidial length. Conidia of 

isolates ISO1, ISO3 and ISO4 were in the range of 12.89- 33.13 X 

3.68- 6.58 μm. Isolate ISO3 was very distinct because of its size (4.68 

X 3.44 μm). Such conidia were 7 times smaller than that of the biggest 

isolate ISO4. 

 

Growth characteristics of pathogen in different media 

The growth characters of Colletotrichum isolates were studied on five 

different solid media. The colony growth rate and colony colour 

(upper and riverside) were considered as growth characters. All the 

four Colletotrichum isolates produced very low dense colony in YDA 

medium and upper and lower surface were pale in colour (Figure 4). 

Hence YDA medium is not suitable for growth of Colletotrichum  

isolates. Colonies in CPDA, PDA F, CDA. SPDA and BDA showed  

difference in surface and reverse colouration of the four isolates. 

Growth rates showed a significant difference among four 

Colletotrichum isolates (P < 0.0001) (Figure 4) in different media at 6 

days after incubation at room temperature (32 ± 3
o
C). There was no 

significant difference in ISO4 on SPDA, BDA, CDA and YDA 

(Figure 4).  ISO3 did not show significant difference among media 

PDA, SPDA, CDA and YDA. Type of culture media and their 

chemical compositions have significantly affected the mycelial growth 

rate and conidial production of Phoma exigua
25

 

 

Pathogenic variation 

Characteristic symptoms of anthracnose were displayed by all the 

isolates of Colletotrichum on papaya fruits after wound inoculation of 

the pathogen (Figure 5).  Lim and his co-workers
18

 suggested that 

wound-inoculation with conidial suspension was the most efficient 

among the inoculation methods. All Colletotrichum isolates were 

pathogenic on papaya fruits. Infections stimulate ripening of fruits, 

and lesions enlarge with ripening. Diameter of the anthracnose lesions 

varied among the four Colletotrichum isolates significantly (p< 

0.0001). The highest diameter of lesion of Colletotrichum isolate was 

observable due to ISO4 (Table 2). Isolate ISO3 gave the lowest 

diameter. According to definition by Taylor et al.
26

 and Taylor and 

Ford,
27

 the variations of quantitative measurements on disease 

development provide an idea of the diverse nature of the pathogen 

population in terms of their aggressiveness i.e. natural variation in 

virulence. The level of aggressiveness of isolates of a given pathogen 

is also an important consideration in resistance breeding programmes 

and disease control management. Host genotypes with partial 

resistance would result in lower level of infection which eventually 

will decrease the inoculum amount in the field to limit the potential of 

epidemics.
21

 

 

Antifungal activity of plant extracts in vitro 

The antimicrobial activity of plant extracts have been explained by 

many researchers due to the presence of phytochemicals in them.
29 

Antifungal activity of four botanical extracts namely, Clove (Syzygium 

aromaticum), Cinnamon (Cinnamomum zeylanicum), Holy basil 

(Ocimum tenuiflorum) and Balloon vine (Cardiospermum 

halicacabum) were assayed and the effect of plant extracts on the 

growth of Colletotrichum isolates were observed. The data revealed 

that significant reduction in mycelia growth of Colletotrichum isolates 

against four medicinal plants (Table 3). Cinnmon has shown low 9.3 

% inhibition for ISO3 (Table 2). The antifungal effects of the studied 

plant ethanol extracts of clove, cinnamon, holy basil and 

cardiospermum on the tested fungi strains were compared with the 

control. The results showed that all the plant extracts exhibited 

different degrees of antifungal activity against Colletotrichum isolates 

(Table 3).   

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Divisional secretariat divisions of Jaffna District from where the anthracnose infected papaya fruit samples were collected 
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Figure 2: Shapes of spores of Colletotrichum isolates on PDA at 6 days after incubation at room temperature (32 ± 3 
o
C) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  

 
 

 

 

 

 

 

 

 

Figure 3: Colony appearance (U: Upper side; R: Reverse side) of Colletotrichum isolates on PDA at 6 days after incubation at room 

temperature (32 ± 3 
o
C) 

 

 

Table 1: Groups of Colletotrichum isolates from Jaffna District based on spore shapes and spore dimensions, isolates grown on PDA 6 

days after incubation at room temperature (32 ± 3
o
C) 

 

Isolates Shape of spores 

Conidial Dimensions 

Mean 

Length 

(μm) 

Mean 

Width 

(μm) 

Mean 

Length / 

Width 

ISO1 Cylindrical, straight one or both ends are rounded, hyaline, unicellular - C. acutatum
22

 12.89
c
 03.50

b
 03.68

c
 

ISO2 
Straight, cylindrical, hyaline, one or both ends are pointed, unicellular

20
 - C. 

gloeosporioides 
15.10

b
 03.50

b
 04.31

b
 

ISO3 
Very small in size, cylindrical, straight to spindle shaped, hyaline, unicellular - 

Unknown species  
04.68

d
 03.44

b
 01.37

d
 

ISO4 Falcate, both ends are pointed, hyaline, unicellular 
24 

- C. capsici 33.13
a
 05.19

a
 06.58

a
 

Means in columns followed by same letter are not significantly different by LSD at 5 % level 

 

 

 

ISO1 ISO2 ISO3 ISO4 

ISO 1 ISO 2 ISO 3 ISO 4 

U U U U 

R R R R 
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Figure 4: Colony growth rate of Colletotrichum isolates on different media at 6 days after incubation at room temperature (32 ± 3
o
C) 

Means followed by same letter are not significantly different by LSD at 5% level 

 

 

 

 

 

 

 

 

 

 

Figure 5: Pathogenic behavior of Colletotrichum isolates on papaya fruits; C: control; isolates ISO1, ISO2, ISO3 and ISO4. 

 

 

Table 2: Mean diameter of anthracnose lesions of anthracnose 

symptoms by four different Colletotrichum isolates when 

inoculated on papaya fruits at room temperature (32 ± 3
o
C) 

 
Isolate Lesion diameter (cm) 

ISO1 2.11
b
 

ISO2 1.18
c
 

ISO3 0.86
d
 

ISO 3.25
a
 

Means followed by same letter are not significantly different by LSD 

at 5% level 

 

Clove extracts completely inhibited (100%) the growth of ISO1 and 

ISO2 at room temperature (32 ± 3
o
C) which may be due to the 

presence of antimicrobial compounds such as eugenol, acetyl eugenol, 

iso-eugenol and β-caryophyllene
30,31,32

 in clove. Other plants extracts 

did not completely control the fugal growth. In this study only water 

soluble antimicrobial compounds were extracted but Cowman
33 

revealed that most of the antimicrobial active compounds that have 

been identified are soluble in polar solvents such as methanol, ethanol 

etc. than in water.   

 

Sensitivity to Fungicide 

In vitro screening revealed that the growth of all four isolates of 

Colletotrichum (Table 4) was completely inhibited (100%) by Homai 

(Thiophanate-methyl 50% WP + Thiram 30%).  Further,   ISO1, ISO2 

and ISO3 were completely inhibited by Topsin (Thiophanate-methyl 

50%) but not ISO4 (Table 4). Twenty-two percent inhibition was 

observed in the growth of ISO4 in PDA medium by Topsin. Green 

mancozeb (Mancozeb 80% (W/W) WP) was not completely inhibitory 

to the growth of ISO1 and ISO4 but completely inhibited the growth 

of ISO2 and ISO3 (Table 4). Green mancozeb inhibited the growth of 

ISO1 and ISO4 at 6 days after incubation at room temperature (32 ± 

3
o
C) at percentages of 36 and 46% respectively.
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Table 3: Fungicidal activity of various medicinal plants extracts against the growth of Colletotrichum isolates 6 days after incubation at 

room temperature (32 ± 3
o
C) 

 
Colletotrichum 

Isolates 

Inhibition % of fungal growth 

Cinnamon Clove Holy basil Cardiospermum 

ISO1 11.5
c
 100

a
 7.5

a
 26.0

b
 

ISO2 18.2
a
 100

a
 5.0

b
 28.7

a
 

ISO3 09.3
d
 53

c
 0.0

c
 19.7

d
 

ISO4 15.0
b
 59

b
 0.0

c
 20.7

c
 

Means followed by same letter are not significantly different by LSD at 5% level

Table 4: Fungicidal activity of different commercial 

fungicides against the growth of Colletotrichum isolates 6 days 

after incubation at room temperature (32 ± 3
o
C) 

 

Colletotrichum 

Isolates 

Inhibition % of fungal growth 

Homai Topsin Green mangozep 

ISO1 100
a
 100

a
 36

c
 

ISO2 100
a
 100

a
 100

a
 

ISO3 100
a
 100

a
 100

a
 

ISO4 100
a
 22

b
 46

b
 

Means followed by same letter are not significantly different by LSD 

at 5% level 

 

Conclusion 

The present study revealed the different Colletotrichum isolates 

associated with papaya anthracnose disease in Jaffna district of Sri 

Lanka. Antifungal activity was confirmed by all of the selected plant 

species. Clove was the most effective inhibitor for the mycelial growth 

of four tested Colletotrichum isolates associated with papaya 

anthracnose disease. Media tested i.e., Potato, Sweet potato, Cassava 

and Yam dextrose agar supported the maximum growth of all the four 

Colletotrichum isolates. The findings of the present investigation 

could be an important step towards the possibility of using natural 

plant products as bio-pesticides in the control of plant diseases caused 

by Colletotrichum isolates.  

 

Conflict of interest 

The authors declare no conflict of interest. 

 

Acknowledgment 

Financial assistance by Jaffna University Research Grant – 2016 

(URG/2016/SEIT/03), is highly acknowledged.  

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

References 

1. Badillo VM. Monografía de la Familia Caricaceae. Maracay, 

Venezuela: Publicada por la Asociación de Profesores, Facultad 

de Agronomía, Universidad Central de Venezuela. 1971; 7-11p. 

2. Sankat CK and Maharaj R. Papaya. In: S. Mitra (ed.). 

Postharvest physiology and storage of tropical and subtropical 

fruits. Faculty of Horticulture, CAB International, West Bengal, 

India. 2001; 167-185p. 

3. Morton JF. Papaya Carica papaya L. Pages 336-346 in: Fruits of 

Warm Climates. J. F. Morton, ed. Creative Resource Systems, 

Miami, FL.1987. 336-346 p. 

4. Prihastuti H, Cai L, Chen H, Hyde KD. Characterization of 

Colletotrichum species associated with coffee berries in Chiang 

Mai, Thailand. Fungal Divers. 2009; 39:89-109. 

5. Phoulivong S, Cai L, Chen H, Mckenzie EHC, Abdelsalam K, 

Chukeatirote E, Hyde KD. Colletotrichum gloeosporioides is not 

a common pathogen on tropical fruits. Fungal Divers. 2010; 

44:33-43. 

6. Prusky D. Pathogen quiescence in postharvest diseases. Annu 

Rev Phytopathol. 1996; 34:413-434. 

7. Freeman S, Katan T, Shabi E. Characterization of Colletotrichum 

species responsible for anthracnose diseases of various fruits. 

Plant Dis. 1998; 82:596-605. 

8. Torres-Calzada C, Tapia-Tussell R, Higuera-Ciapara I, Perez-

Brito D. Morphological, pathological and genetic diversity of 

Colletotrichum species responsible for anthracnose in papaya 

(Carica papaya L.). Eur J Plant Pathol. 2013; 3:23-28. 

9. Eckert JW and Ogawa JM. The chemical control of medicinal 

plants on spore germination of some Fusarium species. 

Karnataka J Agric Sci.1985; 13:153-154. 

10. Prince L and Prabakaran P. Antifungal activity of medicinal 

plants against plant pathogenic fungus Colletotrichum falcatum. 

Asian J Plant Sci Res. 2011; 1(1):84-87. 

11. Lee SO, Choi GJ, Jang KS, Kim JC. Antifungal activity of five 

plant essential oils as fumigant against postharvest and soil borne 

plant pathogenic fungi. Plant pathol J. 2007; 23(2):97-102. 

12. Kubo M, Kimura Y, Shin H, Tani T, Namba K. Studies on the 

antifungal substances of crude drug (II) on the roots of 

Polygonum cuspidatum sieb. Et Zucc. (Polygonaceae). 

Shoyakugaku Zasshi. 1981; 35:58-61. 

13. Shivas RG and Cai L. Cryptic fungal species unmasked. ASM 

Affairs. Microbiol Australia. 2012; 33(1):36-37. 

14. Rasangi PHK and Vengadaramana A. Some Preliminary Studies 

of Colletotrichum musae Associated with Banana Anthracnose 

Disease in Jaffna District, Sri Lanka. Univers J Agric Res. 2015; 

3(6):197-202. 

15. Weeraratne GWAP. Leaf twister disease of onion (Allium cepa 

L.). Trop Agric. 1997; 151:25-33. 

16. Ivić D, Sever Z, Kuzmanovska B. In vitro sensitivity of 

Fusarium graminearum, F. avenaceum and F. verticillioides to 

carbendazim, tebuconazole, flutriafol, metconazole and 

prochloraz. Pesticide and Phytomedicine. 2011; 26(1):35-42. 

17. Sutton BC and Waterston JM. Colletotrichum musae. CMI 

Description of pathogenic fungi and bacteria. CMI. No.222. 

Eastern press, London. 1970. 



                                                     Trop J Nat Prod Res, April 2021; 5(4):649-655                      ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

655 

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

18. Lim J, Lim TH, Cha B. Isolation and Identification of 

Colletotrichum musae from Imported Bananas. Plant Pathol J. 

2002; 18:161-164. 

19. Afanador-Kafuri L, Minz D, Maymon M, Freeman S. 

Characterization of Colletotrichum isolates from tamarillo, 

Passiflora and mango in Colombia and identification of a unique 

species from the genus. Phytopathol. 2003; 93:579-587.  

20. Sutton BC. The genus Glomerella and its anamorph 

Colletotrichum. In: Colletotrichum: biology, pathology and 

control (Eds. J. A. Bailey and M. J. Jeger). CAB International, 

Wallingford. 1992. 1-26 p. 

21. Than PP, Jeewon R, Hyde KD, Pongsupasamit S, Mongkolporn 

O, Taylor PWJ. Characterization and pathogenicity of 

Colletotrichum species associated with anthracnose disease on 

chilli (Capsicum spp.) in Thailand. Plant Pathol. 2008; 

57(3):562-572. 

22. Živković S, Stojanović S, Ivanović Z, Trkulja N, Dolovac N, 

Aleksić G, Balaž J. Morphological and Molecular Identification 

of Colletotrichum acutatum from Tomato Fruit. Pesticides and 

Phytomedicine (Belgrade). 2010; 25(3):231-239. 

23. Damm U, Cannon PF, Woudenberg JHC, Crous PW. The 

Colletotrichum acutatum species complex. Stud Mycol. 2012; 

73:37-113. 

24. Masoodi L, Anwar A, Shahzad A, Sofi TA. Cultural, 

morphological and pathogenic variability in Colletotrichum 

capsici causing Die-back and fruit rot of chilli. Asian J Plant 

Pathol. 2013; 7(2):29-33. 

25. Zhae S and Simon FS. Effect of culture media, temperature, pH 

and bio-herbicidal efficacy of Phoma exigua, a potential 

biological control for salal (Gaultheria shallon). Biocontrol Sci 

Techn. 2006; 6:1043-1055. 

 

 

 

 

 

 

26. Taylor PWJ, Mongkolporn O, Than PP, Montri P, Ranathunge N, 

Kanchanaudonkarn, C, Ford R, Pongsupasamit S, Hyde KD. 

Pathotypes of Colletotrichum spp. Infecting Chilli Peppers and 

Mecha-nisms of Resistance. In: Oh, D.G., Kim, K.T. (Eds.), 

Abstracts of the First International Symposium on Chilli 

Anthracnose. National Horticultural Research Institute, Rural 

Development of Administration, Republic of Korea. 2007; 29p. 

27. Taylor PWJ and Ford R. Diagnostics, Genetics diversity and 

pathogenic variation of ascochyta blight of cool season food and 

feed legumes. Eur J Plant Pathol. 2007; 119(1):127-133. 

28. Ayoola GA, Lawore FM, Adelowotan T, Aibinu IE, Adenipekun 

E, Coker HAB, Odugbemi TO. Chemical analysis and 

antimicrobial activity of the essential oil of Syzigium aromaticum 

(clove). African J Microbiol Res. 2008; 2:162-166. 

29. Sofowora, A. Medicinal Plants and Traditional Medicines in 

Africa Chichester John, Willey & Sons New York. 1993; 256p. 

30. Fichi G, Flamini G, Giovanelli F, Otranto D, Perrucci S. Efficacy 

of an essential oil of Eugenia caryophyllata against Psoroptes 

cuniculi. Exp Parasitol. 2007; 115:168-172. 

31. Silva NCC and Fernandes JA. Biological properties of medicinal 

plants: a review of their antimicrobial activity. The Journal of 

Venomous Animals and Toxins including Trop Dis. 2010; 

16:402-413. 

32. Rahimi AA, Ashnagar A, Nikoei H. Isolation and 

characterization of 4-allyl-2-methoxyphenol (eugenol) from 

clove buds marketed in Tehran city of Iran. Int J Chem Tech Res. 

2012; 4:105-108 

33. Cowan MM. Plant products as antimicrobial agents. Clin 

Microbiol Rev. 1999; 12(4):564-582. 

 

 

 

 

 

 

 

 

 


