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Screening of microbial culture filtrates, plant extracts 
and fungicides for control of mango anthracnose

Screening de filtrados de cultivos microbianos, extractos vegetales 
y fungicidas para el control de la antracnosis del mango
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ABSTRACT RESUMEN

Anthracnose (Colletotrichum gloeosporioides) induces losses 
of up to 40% in most mango growing regions in Colombia. A 
series of exploratory experiments were carried out to evaluate 
14 potentially antagonistic microorganisms, six plant extracts 
and 10 fungicides for disease control based on their ability to 
inhibit spore germination, mycelium growth and development 
of symptoms on detached fruits. In vitro experiments showed 
that spore germination of C. gloeosporioides was strongly 
inhibited (P≤0.0001) by all microbial culture filtrates, all fun-
gicides and two plant extracts, suggesting that some of these 
treatments may hold promise for disease control. Similarly, 
all microbial filtrates, most fungicides and two plant extracts 
caused a significant (P≤0.0001) inhibition in mycelium growth 
of the pathogen. Results from this study indicated small effects 
of fungicides or plant extracts on anthracnose development on 
inoculated fruits, while microbial filtrates induced a significant 
reduction (P≤0.05) in lesion size. These results are very promis-
ing since current control practices rely on fungicides or costly 
physical treatments.

 La antracnosis (Colletotrichum gloeosporioides) induce pérdi-
das de hasta 40% en la mayoría de zonas productoras de mango 
en Colombia. Se realizó una serie de experimentos explorato-
rios para evaluar 14 antagonistas potenciales, seis extractos 
vegetales y 10 fungicidas en el control de la enfermedad, con 
base en su capacidad para inhibir la germinación de esporas, 
el crecimiento del micelio y el desarrollo de síntomas en fru-
tos desprendidos. Los experimentos in vitro mostraron que 
la germinación de esporas de C. gloeosporioides fue inhibida 
(P≤0,0001) por todos los filtrados crudos microbianos, todos 
los fungicidas y dos de los extractos vegetales; indicando que 
algunos de estos tratamientos pueden ser promisorios para el 
control de la enfermedad. Asimismo, todos los filtrados micro-
bianos, varios fungicidas y dos extractos vegetales causaron 
una inhibición significativa (P≤0,0001) en el crecimiento del 
micelio del patógeno. Los resultados de este estudio mostraron 
un bajo efecto de los fungicidas ó los extractos vegetales en el 
desarrollo de antracnosis en frutos inoculados, mientras que 
los filtrados microbianos mostraron una reducción significa-
tiva (P≤0,05) en el tamaño de lesión. Esto es muy promisorio 
pues las prácticas actuales de control se basan en fungicidas ó 
tratamientos físicos costosos.
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Introduction

Several varieties of mango (Mangifera indica, L.) such 
as Haden, Irwin, Keitt and Tommy Atkins are grown in 
Colombia, as well as local varieties that are used in the 
industry (MADR, 2009). Mango orchards in all regions 
are affected by anthracnose (Colletotrichum gloeosporioides 
[Penz.] Penz. & Sacc., teleomorph: Glomerella cingulata 
[Stoneman] Spaulding & Von Schrenk); this disease in-
duces field losses of up to 40% and postharvest losses of 
up to 70% in the most susceptible cultivars (Páez-Redondo, 
1995; Afanador et al., 2003; MADR, 2009) in Mexico, India, 
Australia and South Africa (Chowdhury et al., 2007; Kumar 

et al., 2007; Rojas-Martínez et al., 2008). Typical symptoms 
of anthracnose are sunken, necrotic, dark brown to black 
lesions on mango fruit (Bailey et al., 1992). The size and 
shape of these lesions vary with the cultivar, amount of 
quiescent infections and age of the infected organs (Arauz, 
2000; Beno-Moualem and Prusky, 2000; Wharton and 
Diéguez-Uribeondo, 2004; Osorio, et al., 2006).

Various anthracnose control methods are used by farm-
ers including fungicides, calcium carbonate, antagonists 
and sanitation (Benítez et al., 2004; Sundravadana et al., 
2006; Korsten, 2006; Korsten et al., 1997; Stockwell and 
Stack, 2007). In Colombia, fungicide sprays and occasional 
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sanitation are used by mango growers once symptoms of 
the disease are visible, but the effectiveness of these mea-
sures is limited (Osorio et al., 2000; Osorio et al., 2006; 
Castro et al., 2007; Moral et al., 2009). 

Fungicide tolerance in populations of C. gloeosporioides 
was reported more than 20 years ago (Liyanage et al., 
1992), and has resulted in reduced biological activity and 
increased fungicide residues on harvested fruits. This 
has prompted efforts to develop alternate methods for 
anthracnose control on various crops (Cheng et al., 2006), 
including prediction models based on weather information 
(Dodd, 1991; Arauz, 2000). Methods used for post-harvest 
anthracnose control include fungicides, biocides, calcium 
carbonate, chemical inducers, microorganisms (Benítez et 
al., 2004), hyperbaric pressure treatments, antioxidants, ra-
diation, heat shock and, -at the experimental stage- genetic 
manipulation (Korsten, 2006).

Three recent studies carried out by Corpoica examined 
the survival strategy and population structure of the an-
thracnose pathogen (C. gloeosporioides) that affects mango 
orchards in Colombia (Ospina and Osorio, 2005; Cadavid 
et al., 2007; Martínez et al., 2009) and tamarillos (Reyes et 
al., 2007); the results suggested the need to explore diverse 
alternative control methods for this disease. Here, we report 
the results from laboratory studies carried out to determine 
the biological activity of microbial antagonists, plant ex-
tracts and fungicides against C. gloeosporioides; focusing 
on the source of the inoculum and symptom suppression 
in mature fruits.

Materials and methods

Two sets of studies were conducted at the Plant Pathol-
ogy Laboratory of Corpoica (Tibaitata Research Center, 
Mosquera, Colombia) to determine the ability of microbial 
culture filtrates (in 2007), plant extracts and commercial 
fungicides (in 2008) to inhibit spore germination and my-
celium growth of C. gloeosporioides and prevent symptom 
development in fruits. 

Pathogen isolates. Two single spore isolates (Cg-917 and 
Cg-935), obtained from “Hilacha” mango fruits harvested 
in Coello (Tolima, Colombia) and identified as C. gloeo-
sporioides by morphology, growth on selective media 
and species-specific rDNA amplification profiles, were 
used in this study. The two isolates were similar in spore 
morphology, colony growth habit, pathogenicity and SSR 
(microsatellites) profiles, according to previous studies 
(Cadavid et al., 2007). The two isolates also showed similar 

germination and mycelium growth responses to fungicides, 
plant extracts and culture filtrates in exploratory trials. 

Microorganisms and liquid culture filtrates. Isolates of 
potential antagonists were obtained from field samples 
(leaves, flowers, fruits) collected between October/2006 
and March/2007 at two locations (Sevilla, Magdalena and 
Espinal/Guamo, Tolima). The plant material was processed 
for microbial isolation according to published protocols 
(Paterson and Bridge, 1994; Barnett et al., 2000; Schaad, 
2001). The fungal, yeast and bacterial colonies were puri-
fied and stored at -20°C in 20% glycerol stock solutions. 
Identification of fungal and bacterial isolates was made 
by morphological comparisons and standard biochemical 
tests, respectively.

Five liquid media were prepared to obtain crude culture 
filtrates: reelse and mandels medium for Trichoderma, 
Czapeck medium for Verticillium and Paecilomyces growth, 
TSA medium for bacteria, YEG medium for actinomycetes 
and NYBB medium for yeasts. Pure colonies of each isolate 
were used to inoculate 500 mL flasks containing 250 mL 
of a specific liquid media, before incubation in an orbital 
shaker, following specific protocols (Tab. 1) (Paterson and 
Bridge, 1994; Donadio et al, 2002; Abril et al., 2008). Fol-
lowing incubation, microbial biomass was separated by 

TABlE 1. Liquid media and incubation conditions for microbial groups 
used in this study.

Microbial group liquid medium Incubation time 
(d)

Incubation 
temperature (°C)

Trichoderma sp. Reelse & Mandels 3 28
Paecilomyces sp. Czapeck 12 28
Verticillium sp. Czapeck 7 28
Bacillus sp.,  
Pseudomonas sp.

TSA 5 28

Actinomycetes YEG 3 37
Yeasts NYDB 5 28

Filtration through cheesecloth, centrifugation (8000 g, 20 
min) and filtration through millipore membrane filters 
(0.1 or 0.3 micrometers in diameter, according to the type 
of microorganism).

Plant extracts. Five commercially available plant extracts 
were obtained from local suppliers: CapsiAlil® (Sulfur com-
pounds of Liliaceaes+Protoalcaloides of Solanaceous), Eco-
Swing® (terpeniods from Swinglea glutinosa), Desfan-100® 
(Citrus seed extract), Xplode SL (capsaicin+alisin), swinglea 
extract (Terpeniods). Additionally, an aqueous extract of 
the xeric lefaria cactus (Cereus deficiens) was prepared by 
grinding and drying tissue from the middle portion of fully 
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C. gloeosporioides isolate Cg-935, a completely random-
ized design displayed in a factorial arrangement with four 
repetitions was used. Spore suspensions were mixed at a 1:1 
ratio with each one of the fungicide treatments, incubated 
and evaluated as described above.

Mycelium growth assays. A completely randomized design 
with three repetitions was used in an experiment to test 
the effect of culture filtrates from 14 microbial isolates (six 
fungi, four bacteria, two actinomycetes, and two yeasts) on 
mycelium growth of the C. gloeosporioides isolate Cg-917. 
Petri plates were prepared by mixing 9 mL of PDA with 1 
mL of culture filtrate and left to solidify, inoculated with 
5-mm disks of PDA + mycelium of Cg-917 and incubated 
at 27°C in the dark for 7 d. After this period, the colony 
diameter was measured.

Mycelium growth of the isolate Cg-935 in the presence of 
plant extracts (Tab. 2) was determined in a randomized 
block experiment with a factorial arrangement and three 
repetitions. Petri plates were prepared by mixing 9 mL 
of PDA with 1 mL of plant extract at each concentration. 
Once solidified, 5-mm disks of PDA with actively growing 
Cg-935 mycelium were placed in the center of each plate. 
Inoculated plates were incubated at 27°C in the dark for 7 
d, at which time the colony diameter was measured.

The effect of ten fungicides at different concentrations (Tab. 
2) on mycelium growth of the C. gloeosporioides isolate 
Cg-935 was tested in a completely randomized experi-
ment with a factorial arrangement and four repetitions. 

extended branches. A 20 g sample was fully homogenized in 
400 mL of distilled water and filtered through cheesecloth 
before use. Four different concentrations of each extract 
were evaluated. 

Fungicides. Ten commercial fungicides were used in this 
study: Score® 250EC (difenoconazole), Kocide® 101 (copper 
hydroxide), Alarm® 80WP (mancozeb), Amistar® 50WG 
(azoxystrobin), Mertec® 500SC (thiabendazole), Elosal® 
720SC (sulphur), Carbendazim AC® (carbendazim), Ka-
sumin® 2SL (kasugamycin), Validamycin (validamycin) 
and Rovral® 5OWP (iprodione). Four concentrations of 
each fungicide were evaluated.

Spore germination assays. Exploratory tests were per-
formed with isolates Cg-917 and Cg-935 in order to de-
termine spore germination and standardize incubation 
conditions (Cerón et al., 2005). Fresh colonies of the two 
isolates were produced on Marthuŕ s medium incubated at 
28°C in darkness for 10 d. Spore suspensions (1∙105 spores/
mL) were prepared on either a) sterile water amended with 
Tween®-80 (0.05% v/v) or b) a 10% aqueous sucrose solu-
tion amended with Tween-80 (0.05% v/v); and incubated at 
28°C and 100% relative humidity on glass slides. Germina-
tion counts were carried out every 2 h and for up to 24 h, 
germination was higher on water (10-15%) as compared 
to the sucrose solution (3%). Based on these results, all 
germination assays used 1.5 mL of spore suspensions of 
1∙10 5 spores/mL in water + Tween®-80 (0.05% v/v), using 
Eppendorf tubes incubated at 27°C for 18 h.

A completely randomized design with three repetitions was 
used to compare the inhibitory activity of crude filtrates 
from liquid cultures of 14 microbial isolates (six fungi, 
four bacteria, two actinomycetes, and two yeasts) on spore 
germination of the isolate Cg-917. For this, spore suspen-
sions were mixed at a 1:1 ratio with the culture filtrates 
in 2 mL Eppendorf tubes, and incubated as described 
above. Following incubation, 50 µL were taken from each 
tube and poured into a Neubauer chamber to determine 
germination.

A randomized block design displayed in a factorial arrange-
ment with three repetitions was used to compare six plant 
extracts in four concentrations (Tab. 2) by their inhibitory 
activity on spore germination of the isolate Cg-935 of the 
mango pathogen. Spore suspensions prepared as described 
were mixed at a 1:1 ratio with each one of the plant extract 
treatments, incubated and evaluated as described above. 

To test the efficacy of ten fungicides, at different con-
centrations (Tab. 2), to inhibit spore germination of the 

TABlE 2. Plant extracts and fungicide treatments used in this study.

Plant extract
Concentration (mg l-1)

D1 D2 D3 D4

CapsiAlil® 0.950 0.700 0.450 0.200
EcoSwing® 2.000 1.500 1.000 0.500

Desfan-100® 0.250 0.200 0.150 0.100
Xplode 5.000 4.000 3.000 2.000

Swinglea extract 20.000 15.000 10.000 5.000
Lefaria extract 2.000 1.000 0.500 0.250

Difenoconazole 0.375 0.250 0.125 0.075
Cupper Hydroxide 1.500 1.000 0.500 0.250

Mancozeb 0.300 0.200 0.100 0.050
Azoxystrobin 0.450 0.300 0.150 0.075

Thiabendazole 0.675 0.450 0.225 0.115
Sulphur        1.440 0.720 0.360 0.072

Carbendazim 2.000 1.000 0.50 0.100
Kasugamycin 3.000 1.500 0.750 0.370
Validamycin 3.000 1.500 0.750 0.370

Iprodione 2.000 1.000 0.500 0.100

D2 is a reference concentration equivalent to the manufactureŕ s recommendation. D1 is a 
higher concentration, whereas D3 and D4 are lower concentrations.
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Petri plates were prepared by mixing 9 mL of PDA with 1 
mL of fungicide solution. Once solidified, 5-mm disks of 
PDA with actively growing mycelium of either isolate of 
C. gloeosporioides were placed in the center of each plate. 
Inoculated plates were incubated at 27°C in the darkness 
for 7 d, at which time the colony diameter was measured. 

Fruit protection assays. The best treatments from all 
previous experiments were tested for anthracnose control 
on detached mango fruits. A completely randomized ex-
periment replicated three times was used to evaluate the 
protection ability of 14 microbial filtrates on fruits inocu-
lated with the isolate Cg-917 of the anthracnose pathogen. 
Similarly, a completely randomized experiment in a fac-
torial arrangement replicated three times was used to test 
the effectiveness of five fungicides on fruits inoculated 
with the isolate Cg-935 of the mango pathogen. Likewise, 
a completely randomized factorial experiment was used to 
test the effectiveness of two plant extracts at two concentra-
tions each at preventing anthracnose development on fruits 
inoculated with the isolate Cg-935.

Mango fruits (hilacha cultivar, E2 growth stage) were 
washed, superficially disinfected with 1% NaOCl, and 
rinsed in distilled water. Treatments of fruits with culture 
filtrates from antagonists, plant extracts or fungicide 
solutions consisted of a 30-min immersion, followed by 
air drying at room temperature. Treated fruits were then 
inoculated by placing two 5-mm disks of a sporulating 
colony of the pathogen on the fruit surface (5 cm apart). 
After inoculation, the fruits were kept inside plastic boxes 
(two fruits per box) containing moist paper towels, at 25ºC 
in alternating 12/12 dark/light conditions. Lesion diameter, 
resulting from inoculation, was assessed after 8 d.

Data analysis. All statistical analyses were performed with 
SAS® version 9.3. Standard ANOVA and Tukey Studen-
tized Range Test (HSD) for mean separation (P≤0.05) were 
performed on data from spore germination and mycelium 
growth experiments. Similarly, data from fruit protection 
assays were analyzed by ANOVA and treatment means 
were separated using HSD (P≤0.05). 

Results 

Biological activity of microbial culture filtrates. Four 
exploratory tests were initially carried out in 2007 with four 
microbial groups (bacteria, fungi, actinomycetes, yeasts), re-
sulting in 14 isolates being selected for further testing against 
the pathogen C. gloeosporioides isolate Cg-917 (Tab. 3). 
Culture filtrates from all 14 isolates reduced spore germi-
nation (P≤0.0001) in the range of 43 to 69% as compared 

to the control treatment; and some of them induced germ 
tube malformations (data not shown).The Tukey (HSD) test 
indicated greater effects for the isolates Actin-38, Bacte-15, 
Bacte-40, Bacte-59, Paeci-85 and Trich-19. Mycelium 
growth of the pathogen on filtrate-amended medium was 
reduced by all microbial isolates (P≤0.0001), with greater 
reductions (90- 95% colony growth reduction) induced 
by the isolates Actin-35, Bacte-59, Bacte-40, Bacte-73 and 
Yeast-05 (Tab. 3). 

TABlE 3. Effects of culture filtrates of 14 microbial isolates on germina-
tion and mycelium growth of C. gloeosporioides (isolate Cg-917) and 
lesion size on inoculated mango fruits.

Isolate Spore germination 
(%)1

Colony diameter 
(cm)2

lesion diameter 
(cm)3

Control 8.16 a 8.73 a 1.27 a
Bacte-73 4.66 b 0.63 c 0.15 c
Yeast-08 4.10 b 0.66 c 0.32 b
Yeast-05 3.76 bc 0.60 c 0.30 b
Trich-01 3.73 c 1.66 b 0.17 c
Actin-35 3.60 c 0.53 d 0.27 b
Verti-79 3.46 c 1.70 b 0.27 b
Verti-77 3.40 c 0.93 b 0.70 a
Paecil-83 3.23 cd 0.86 c 0.22 bc
Trich-19 3.13 cd 1.26 b 0.12 c
Paecil-85 2.93 d 0.90 bc 0.12 c
Bacte-59 2.86 d 0.56 c 0.25 bc
Bacte-40 2.70 d 0.56 c 0.22 bc
Bacte-15 2.60 d 0.73 c 0.20 bc
Actin-38 2.56 d 1.23 b 0.12 c

CV 14.04 18.55 60.01
F **, P≤0.0001 **, P≤0.0001 *, P≤0.05

1 Spore germination counts were performed after 18 h of incubation. A total of 100 spores were 
observed in each replicate.
2 Diameter of fungal colonies was determined after incubation for 7 d.
3 Inoculated fruits were incubated for 8 d before measurements of lesion diameter were taken.

Mango fruits that were superficially sprayed with culture 
filtrates of five isolates (Paeci-85, Trich-19, Trich-1, Bacte-73 
and Actin-38) before inoculation with Cg-917, showed le-
sion size reductions around 80% when compared with the 
untreated control (P≤0.05); however, caution should be 
exercised when interpreting these results due to the high 
variation coefficient in this experiment. This suggests the 
need for additional studies with a larger number of fruits 
to take into consideration factors like the presence of qui-
escent infections on the surface and the nutritional status 
of fruit tissues, which lead to intrinsic variability among 
mango fruits of the same developmental stage E-2. 

Biological activity of fungicides. Ten fungicides were 
initially tested on spore germination and mycelium growth 
assays, and five were selected for fruit protection assays; 
the data from these experiments are presented as general 
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treatment means in Tab. 4. The variation coefficient for 
the spore germination experiment was moderate to high 
(37.6%), suggesting that factors related to fungicide solu-
bility in water or conditions for optimal contact or uptake 
by the fungal spores were not adequately controlled in the 
preparation of the spore germination assays. Dose effects 
of three fungicides (copper hydroxide, kasugamycin, vali-
damycin) on colony growth were statistically significant, 
while two fungicides (azoxystrobin and thiabendazole) had 
a significant dose effect on spore germination. 

Eight fungicides reduced (P≤0.0001) spore germination by 
80-100%, with two of them (carbendazim and iprodione) 
causing total inhibition (Tab. 4). Mycelium growth of the 
pathogen was significantly inhibited by all tested fungicides 
(P≤0.0001), but the strongest inhibition presented in a 
culture medium amended with carbendazim or difeno-
conazole. Based on these results, five fungicides (azoxys-
trobin, carbendazim, thiabendazole, difenoconazole and 
validamycin) were used in fruit protection assays where 
significant (P≤0.05) but moderate effects were observed for 
three fungicides (carbendazim, azoxystrobin and thiaben-
dazole), with lesion size reductions around 50% in relation 
to the unprotected control.

TABlE 4. Effects of fungicides on germination and mycelium growth of 
C. gloeosporioides (isolate Cg-935) and lesion size on inoculated man-
go fruits.

Fungicide Spore 
germination (%)1

Colony diameter 
(cm)2

lesion diameter 
(cm)3

Control 4.75 a 7.96 a 2.14 a
Kasugamycin 1.31 b 4.95 b -
Sulphur 1.00 b 5.74 b -
Validamycin 0.95 b 3.88 c 2.38 a
Thiabendazole 0.68 bc 0.58 e 1.30 b
Difenoconazole 0.68 bc 0.05 f 1.68 b
Copper hydroxide 0.62 c 1.05 d -
Azoxystrobin 0.51 c 0.99 de 1.47 b
Mancozeb 0.37 d 1.68 d -
Iprodione 0 e 3.58 c -
Carbendazim 0 e 0 f 1.17 b

CV 37.44 14.47 31.10
F **, P≤0.0001 **, P≤0.0001 *, P≤0.05

1 Spore germination counts were performed after 18 h of incubation. A total of 100 spores were 
observed in each replicate.
2 Diameter of fungal colonies was determined after incubation for 7 d.
3 Inoculated fruits were incubated for 8 d before measurements of lesion diameter were taken. 

Biological activity of plant extracts. Tab. 5 shows the 
effect of six plant extracts on germination, colony growth 
and fruit infection by the C. gloeosporioides isolate Cg-935. 
Most plant extracts tested did not produce a strong effect 
on the pathogen. Among the plant extracts, Desfan and 

Ecoswing had significant dose effects on mycelium growth 
of the pathogen, with higher effects at the highest dose as 
detected in the colony growth tests. However, this effect 
was not evident on spore germination or fruit infection 
assays. Therefore, data from plant extract experiments are 
presented as general treatment means of plant extracts. 

Reduction of spore germination was statistically significant 
(P≤0.0001) with one treatment (Desfan), inducing 98% 
inhibition of germination; this plant extract also caused 
a significant (P≤0.05) reduction (88%) in colony growth. 
When applied on the mango fruit surface however, none 
of the extracts significantly reduced lesion size (Tab. 5). 

Discussion

The effects of C. gloeosporioides inoculum on mango 
include: immediate lesion development following infec-
tion of the flowers, establishment of quiescent infections 
on immature fruits, or causation of anthracnose lesions 
following new infections of physiologically mature 
fruits (Arauz, 2000). Since heavy losses result from fruit 
anthracnose, we focused on features of the pathogen 
important for the onset of infection and development of 
fruit symptoms. Various studies describing the lifecycles 
of anthracnose pathogens (Bailey et al., 1992) suggest that 
spore germination needs to be blocked in order to pre-
vent quiescent infections and reduce fruit disease. Other 
studies (Benito et al., 2000; Osorio et al., 2006; Moral et 
al., 2009) indicate that flower infection as well as quies-
cent infections on foliage could be important sources of 
inoculum for fruit infection. 

Protecting mango fruits from anthracnose development is 
a common practice which relies mostly 

On fungicide spray programs or physical treatment follow-
ing harvest (Dodd, 1991; Chowdhury et al., 2007); conse-
quently, finding alternative treatments is desirable but little 
progress has been made. Fruit anthracnose development in 
mango may be influenced by a complex array of conditions 
that determine the effects of the inoculum and the infection 
of host tissues (Wharton and Diéguez-Uribeondo, 2004).
The results from this study are preliminary and represent 
only a small set of conditions related to the development of 
this disease; promising treatments identified in this study 
should be tested for effectiveness on anthracnose control 
under a wider set of conditions and a greater number of 
pathogen isolates, representing the diversity and complex-
ity of the C. gloeosporioides population associated with 
mango.
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of quiescent infections on the fruit surface. Postharvest 
treatments for anthracnose control focus on this later 
stage of the interaction (Arauz, 2000; Arias and Carriza-
les, 2007). All microbial filtrates, most fungicides and two 
plant extracts (Tabs. 3, 4, 5) caused a strong inhibition in 
mycelium growth of the isolates Cg-917 and Cg-935 of the 
pathogen; therefore, it would be of interest to evaluate some 
of these products for their ability to specifically inactivate 
quiescent infections of C. gloeosporioides on mango fruits. 
Mycelium growth, and its associated enzymatic activity 
(Huckelhoven, 2007), may be responsible for flower damage 
by C. gloeosporioides in mango; therefore, flower protection 
by some of the products tested in this study is worth try-
ing, particularly with microorganisms which may be able 
to colonize developing reproductive structures. 

The lesion size of E-2 mango fruits inoculated with sporu-
lating colonies of the isolates Cg-917 or Cg-935 showed high 
variation coefficients (31-61%) across the experiments; some 
intrinsic factors of the used plant material or differences 
in the inoculum load could explain this variability in the 
results. Mango fruits at the E-2 growth stage were used for 
inoculations based on previous studies; however there is 
some degree of uncertainty about the age of fruits of simi-
lar size and shape; this could explain why the reaction to 
the inoculation was not uniform. Results from this study 
indicated only small effects of fungicides or plant extracts 
on anthracnose development in inoculated fruits, while 
microbial filtrates showed significant reduction in lesion 
size. This is very promising since current control practices 
rely on fungicides or costly physical treatments (Kumar et 
al., 2007; Sundravadana et al., 2007). 

Anthracnose development from late infections of mature 
fruits and from quiescent infections of immature fruits may 
proceed at different rates. These differences may be due to: 
a) the metabolic stage of the inoculum, b) the amount of 
active propagules at the infection site on the fruit surface 
and c) the time taken for initial colonization or lesion 
progress (Moral et al., 2009). All these factors have to be 
taken into consideration in future studies aiming to test 
potential control products with detached mango fruits, 
since natural disease development takes place not only from 
recent infection events but also from quiescent infections 
occurring in early stages of fruit growth. Furthermore, 
how much spore load migrates to the developing mango 
fruit and from what sources is a question that needs to be 
answered in order to understand some of the conditions 
for disease onset on the fruit and design or adjust control 
practices based on chemical or biological products.

TABlE 5. Effects of plant extracts on germination and mycelium growth 
of C. gloeosporioides (isolate Cg-935) and lesion size on inoculated 
mango fruits.

Plant extract Spore 
germination (%)1

Colony diameter 
(cm)2

lesion diameter
(cm)3

Control 2.50 a 3.30 a 2.25
Xplode 2.18 a 1.18 b -
Lefaria extract 1.68 b 1.09 bc -
CapsiAlil® 1.46 b 1.30 b -
EcoSwing® 1.18 b 0.68 c 2.01
Swinglea extract 0.62 c 1.15 b -
Desfan-100® 0.06 d 0.38 d 2.13
CV 18.60 7.71 61.40
F **, P≤0.0001 *, P≤0.05

1 Spore germination counts were performed after 18 h of incubation. A total of 100 spores were 
observed in each replicate.
2 Diameter of fungal colonies was determined after incubation for 7 d.
3 Inoculated fruits were incubated for 8 d before measurements of lesion diameter were taken. 

Separate experiments with microbial filtrates, fungicides 
and plant extracts were conducted, whereby spore germina-
tion was assessed after 18 h of incubation. Spore germina-
tion is affected by factors like age, temperature and light or 
chemical composition of the medium (Abril et al., 2008); 
which could explain the variation in germination levels ob-
served among the experiments. In this study, overall spore 
germination levels were low, suggesting that the fungus 
may have unidentified internal constraints or regulatory 
mechanisms for survival similar to spore dormancy, as 
described for several plant pathogens (De Wolf and Isard, 
2007). Alternatively, C. gloeosporioides spores may lose 
viability very rapidly after removal from their source, 
but data were not taken to support this hypothesis. Spore 
germination of C. gloeosporioides was strongly inhibited 
by microbial culture filtrates, fungicides and two plant 
extracts, suggesting that some of these treatments may 
hold promise for disease control. These should be tested 
more thoroughly, particularly microbial isolates since they 
also caused a highly significant inhibition of mycelium 
growth of the pathogen originating from the mango tissue 
surfaces and therefore, could have the ability to adapt and 
colonize host tissues. In addition, more experiments with 
fungicides and plant extracts are necessary to account for 
factors related to product solubility in water and optimize 
exposure or uptake by the fungal spores.

Colony growth of C. gloeosporioides on culture medium 
was stable across the experiments and appears to be a 
reliable trait to study sensitivity of the pathogen to vari-
ous products. Mycelium growth in natural settings could 
be targeted for control at two specific stages: after spore 
germination but before penetration or during activation 
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Conclusions

Spore germination and mycelium growth of C. gloeospo-
rioides can be inhibited or reduced in vitro by fungicides, 
plant extracts and microbial liquid culture filtrates; these 
types of experiments can be used to identify substances 
with high biological activity against the pathogen.

Development of anthracnose lesions on inoculated mango 
fruits was strongly reduced by filtrates from the liquid 
culture of various microorganisms, suggesting that some 
antagonists may be potential biocontrol agents of C. gloeo-
sporioides and should be tested further in the field and for 
postharvest conditions. 
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