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ABSTRACT
The adaptability of endophytic fungi to their hosts, the ecological benefits that it provides and the various antagonistic mechanisms 
against pests make them an alternative for the biological control of diseases. The potential of 17 strains of foliar endophytic fungi (FEF) 
obtained from healthy Theobroma cacao tissue as candidates for the biological control of Moniliophthora roreri (MR) and M. perniciosa (MP) 
was determined. We evaluated: i) mycoparasitism of FEF against colonies of Moniliophthora spp., ii) the effects of crude metabolites of FEF 
on the pathogens´ growth, and iii) the ability to recolonize healthy leaves of the host by leaf assays. Three strains of Lasiodiplodia theobromae 
were the most promising: Ec098, Ec151 and Ec157. These strains inhibited the growth of MR and MP, both in the confrontation of the 
colonies and by their metabolites and, additionally, recolonized the host between 80-100 % of the time. Other strains showed outstanding 
values ​​in one indicator, and not desirable in others. For example, Ec035 (L. theobromae) showed the highest levels of mycoparasitism 
against both pathogens in the interaction of the colonies, and the second best for its metabolites, but could not reinfect the host. Strain 
Ec059 (Xylaria feejeensis) reinfected 100 %, but did not show desirable attributes of antagonism. On the other hand, the metabolites of 
Ec107 (Colletotrichum gloeosporioides s.l.) inhibited MR by 60 %, but also stimulated the growth of MP. No strain achieved all desirable 
characteristics for a biological control agent.
Keywords: biological control agent, crude extract metabolites, detached leaf assay, mycoparasitism.

RESUMEN
La adaptabilidad de los hongos endófitos a sus hospedantes, los beneficios ecológicos que le brinda y los diversos mecanismos 
antagónicos contra plagas que poseen los convierten en una alternativa para el control biológico de enfermedades. Se determinó 
el potencial de 17 cepas de hongos endofíticos foliares (FEF) obtenidas de tejido sano de Theobroma cacao como candidatas para el 
control biológico de Moniliophthora roreri (MR) y M. perniciosa (MP). Se evaluaron: i) el micoparasitismo de los FEF frente a colonias 
de Moniliophthora spp., ii) la acción de los metabolitos crudos de los FEF en el crecimiento, y iii) la habilidad para recolonizar hojas 
sanas del hospedante mediante ensayos de hojas sueltas. Tres cepas de Lasiodiplodia theobromae fueron las más promisorias: Ec098, 
Ec151 and Ec157. Estas cepas inhibieron el crecimiento de MR y MP, tanto en el enfrentamiento de las colonias como mediante sus 
metabolitos y, adicionalmente, recolonizaron el hospedante entre el 80-100 % de las veces. Otras cepas mostraron valores destacados 
en un indicador, y no deseables en otros. Por ejemplo, la Ec035 (L. theobromae) mostró los niveles más altos de micoparasitismo contra 
ambos patógenos en la interacción de las colonias, y el segundo mejor por sus metabolitos, pero no pudo reinfectar el hospedante. La 
cepa Ec059 (Xylaria feejeensis) reinfectó 100 %, pero no mostró los atributos deseados de antagonismo. Por su parte, los metabolitos 
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de Ec107 (Colletotrichum gloeosporioides s.l.) inhibieron a MR 
en un 60 %, pero también estimularon el crecimiento de MP. 
Ninguna cepa logró todas las características deseables para 
un agente de control biológico.
Palabras clave: agente de control biológico, ensayo de hojas 
sueltas, extracto crudo de metabolitos, micoparasitismo.

INTRODUCTION
The production of Theobroma cacao in Ecuador, and elsewhere 
in the America, is affected by the diseases of Frosty Pod Rot 
(Moniliophthora roreri) and Witches’ Broom (Moniliophthora 
perniciosa). These pathogens are highly aggressive once they 
come to infect the crop. In the case of M. roreri, mainly 
affects the fruits in any state of development, which cause 
severe yield losses in the production (30-100 %) (Bowers et 
al., 2001; Sánchez et al., 2015). Similarly, M. perniciosa causes 
considerable losses of production in Ecuador (60 %–70 
%) (Meinhardt et al., 2008) as it affects leaves, branches, 
shoots, flowers and young developing fruits (Parra and 
Sánchez, 2005).

At present, for the control of diseases in agricultural 
crops there are alternatives such as biological control, 
which consists of the use of antagonistic microorganisms 
against specific diseases and pathogens (Bailey et al., 2008; 
Jaimes and Aranzazu, 2010). In this research, we try to find 
endophytic fungi associated with the same crop for the 
control of the two major diseases in T. cacao. Endophytic 
fungi are of great importance because they have the ability 
to produce bioactive metabolites that the plant uses as a 
defense mechanism against attack by pathogen (Arnold et al., 
2003). Studies with native microorganisms as antagonists, 
both bacteria and fungi, have been shown to be effective 
for the control of M. roreri and M. perniciosa (Hebbar, 2007; 
Bailey et al., 2008; Suárez and Cabrales, 2008; Krauss et al., 
2010; Hernández-Rodríguez et al., 2014).

In Ecuador, several trials have determined that integrated 
management is the best tactic for the control of frosty pod 
disease and the witch’s broom ( Solis and Suárez-Capello, 
2006; Saquicela-Rojas, 2010). These trials not only include 
the use of biological products (Trichoderma spp.) or chemicals 
(chlorothalonil, cupric oxide, azoxystrobin or copper 
sulphate), but pruning and removal of diseased fruits. 
The commercial availability of strains with demonstrated 
biological activity are limited to the areas of influence 
of some institutions, or when commercial products are 
available, there are no additional guarantee elements 
of the effectiveness of the strains in the field beyond the 
registration requirements of the product (MAGAP, 2016). In 
this framework, concerning the management of diseases in 
various crops, and especially cocoa, the CIBE has developed 
the production of a biol in a standardized manner for several 
years (Chávez and Peralta, 2016) in order to recover old 
cocoa plantations, through the enhance the vigor of plants 
and to improve the phytosanitary state of plantations. At 

the same time, it seeks to develop a biological control agent 
based on endophytic fungi species. The present investigation 
pursues this last objective. The aims of the study were to 
determine for 17 endophyte strains: i) the mycoparasitism 
against M. roreri and M. perniciosa, ii) the production of 
inhibitory metabolites to Moniliophthora spp. and iii) the 
ability to recolonize healthy leaf tissue of the host through 
laboratory test.

MATERIALS AND METHODS
Origin of endophytic and pathogenic strains
The 17 strains for this study were isolated from healthy 
leaves of variety of Nacional type cacao with more than 
50 old years. Two localities from Guayas province: Balao 
(2°30’29.5’’S, 79°46’34.8’’W) and Naranjal (2°40’35.2’’S, 
79°38’21.2’’W) and one from Azuay province: Molleturo 
(2°30’49.2’’S, 79°26’11.2’’W) were sampled. The 
endophyte strains showed higher percentage of growth 
inhibition (PGI) against M. roreri and M. perniciosa and it 
was also found that they were not pathogenic of fruits and 
leaves of T. cacao (Villavicencio-Vásquez, 2018). Strains of 
M. perniciosa (CIBE-MP22) were isolated from Vinces and M. 
roreri (CIBE- A12.1) from the Amazon region (Table 1).

Mycoparasitism Test
Dual cultures of endophytes-pathogens in plates containing 
potato dextrose agar (PDA) (4 g potato, 20 g dextrose 
and 15 g agar) medium, at pH 6.2 incubated at 26° C 
in darkness were performed (Condori et al., 2016). Two 
replicate plates were prepared for each strain of endophyte 
fungi. After 13 days of incubation, ten discs (5 mm) from 
the interaction zone of each two reply were extracted and 
plated in another PDA-plate, incubated as described 
before for seven days, and observed for the growth of the 
endophyte or the pathogen (Fig. 1). Mycoparasitism of each 
strain was determined based on the percentage of success 
in the survival (growth) of the pathogen with respect to the 
total of discs of the two replicates (% mycoparasitism = N° 
discs with pathogen growth /20 discs × 100).

Soluble inhibitory metabolite production
The fungal metabolites were obtained in liquid Czapeck 
medium, containing 2 g NaNO3, 5 g KH2PO4, 0.5 g MgSO4, 
10 mg FeSO4, 3 mg ZnSO4, 1g Yeast Extract and 60 g 
Glucose per liter at pH 7. Three flask containing 150 ml of 
medium were each inoculated with four mycelial discs of the 
endophyte of a 7-day-old colony in PDA. Three replicates 
were used for each treatment (strain). The cultures were 
incubated at laboratory room temperature (≈ 25 ± 2 °C) 
in an orbital shaker (110 rpm/21 d). After 21 days growth, 
mycelia were collected and the liquid sterilized in a vacuum 
system through a 0.22 μm filter (Millipore). The test was 
carried out with two concentrations (50 % and 75 %) of 
crude extract fungus diluted with PDA medium and poured 
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Table 1. Origin and taxa identified in this study according to closest hits in the GenBank.

Strains Taxa identified Reference strain 
(GenBank) Identity (%) Locality-Province

Ec008 Phanerochaete chrysosporium KP135093.1 100 Balao-Guayas

Ec027 Lasiodiplodia theobromae MG388100.1 100 Molleturo-Azuay

Ec035 Lasiodiplodia theobromae MG388100.1 100 Molleturo-Azuay

Ec059 Xylaria feejeensis HM992808.1 100 Naranjal-Guayas

Ec060 Pestalotiopsis microspora KT459350.1 100 Naranjal-Guayas

Ec067 Lasiodiplodia theobromae HM466956.2 99 Naranjal-Guayas

Ec069 Pestalotiopsis microspora AY924276.1 100 Naranjal-Guayas

Ec071 Colletotrichum gloeosporioides MF800896.1 100 Naranjal-Guayas

Ec084 Daldinia eschscholtsii KU204494.1 100 Balao-Guayas

Ec098 Lasiodiplodia theobromae HM466959.2 100 Naranjal-Guayas

Ec099 Xylaria sp. JN411813.1 98 Balao-Guayas

Ec107 Colletotrichum gloeosporioides MF800896.1 100 Balao-Guayas

Ec113 Hypoxylon investiens KU204442.1 98 Balao-Guayas

Ec120 Lasiodiplodia theobromae MG388100.1 100 Balao-Guayas

Ec129 Nigrospora sphaerica KF494817.1 99 Molleturo-Azuay

Ec151 Lasiodiplodia theobromae HM466956.2 99 Naranjal-Guayas

Ec157 Lasiodiplodia theobromae KY090781.1 100 Naranjal-Guayas

Pathogens    

CIBE-MP22 Moniliophthora perniciosa KX913252.1 100 Vinces

CIBE-A12.1 Moniliophthora roreri KF640238.1 100 Amazonía

Figure 1. Examples of dual cultures of M. roreri vs. endophytes after eight days of incubation (A1-C1). A1, vs. strain Ec107 (C. gloeosporioides; B1, 
vs. strain Ec129 (N. sphaerica) and C1, pathogen alone. Re-isolation (survival) of the “winner” fungi from the agar-plugs extracted throughout the 
colony-contact areas (A2-C2). Series 2 shows plates with 0, 50 and 100 % of survival of M. roreri after the confrontations, respectively.

A1 B1 C1

A2 B2 C2

https://www.ncbi.nlm.nih.gov/nucleotide/1274082665?report=genbank&log$=nucltop&blast_rank=1&RID=0M26MV1K014
http://www.ncbi.nlm.nih.gov/nucleotide/304333830?report=genbank&log$=nucltop&blast_rank=1&RID=BDNC8PTH015
http://www.ncbi.nlm.nih.gov/nucleotide/323650786?report=genbank&log$=nucltop&blast_rank=3&RID=BDNKFCU801R
https://www.ncbi.nlm.nih.gov/nucleotide/377810555?report=genbank&log$=nucltop&blast_rank=2&RID=0M3JSWVB014
http://www.ncbi.nlm.nih.gov/nucleotide/63002473?report=genbank&log$=nucltop&blast_rank=1&RID=BDPWA5AW014
https://www.ncbi.nlm.nih.gov/nucleotide/1239562805?report=genbank&log$=nucltop&blast_rank=1&RID=0M44VURP01N
https://www.ncbi.nlm.nih.gov/nucleotide/1005816520?report=genbank&log$=nucltop&blast_rank=1&RID=0M48HBKS01N
https://www.ncbi.nlm.nih.gov/nucleotide/377810558?report=genbank&log$=nucltop&blast_rank=3&RID=0M4DAZDH01N
https://www.ncbi.nlm.nih.gov/nucleotide/343965935?report=genbank&log$=nucltop&blast_rank=3&RID=0M4RE4G501N
https://www.ncbi.nlm.nih.gov/nucleotide/1239562805?report=genbank&log$=nucltop&blast_rank=1&RID=0M4VSDTK01N
https://www.ncbi.nlm.nih.gov/nucleotide/1005816468?report=genbank&log$=nucltop&blast_rank=12&RID=0M4XR77W01N
https://www.ncbi.nlm.nih.gov/nucleotide/1274082665?report=genbank&log$=nucltop&blast_rank=1&RID=0M5CX33S015
https://www.ncbi.nlm.nih.gov/nucleotide/769990542?report=genbank&log$=nucltop&blast_rank=1&RID=0M5D0A06015
https://www.ncbi.nlm.nih.gov/nucleotide/377810555?report=genbank&log$=nucltop&blast_rank=3&RID=0M5D2WJT015
https://www.ncbi.nlm.nih.gov/nucleotide/1209454298?report=genbank&log$=nucltop&blast_rank=23&RID=0M5D5RV9015
https://www.ncbi.nlm.nih.gov/nucleotide/1149403698?report=genbank&log$=nucltop&blast_rank=1&RID=0M64URF601N
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determined (% =N° discs with the re-isolated-endophyte-
strain/18 total discs seeded × 100)

Data analysis
The mycoparasitism, PGIs obtained in the crude extracts 
and the re-isolation of the endophyte in the detached leaves, 
were compared using a non-parametric analysis of variance 
(Kruskal-Wallis) with a level of significance of 0.01, since 
after several transformations they did not present normal 
distribution using Shapiro-Wilks test. All analyses were 
carried out using the statistical package InfoStat (Di Rienzo 
et al., 2008).

RESULTS

Micoparasitism
The figure 2 shows the percentage of survival (growth) of 
M. roreri and M. perniciosa after the confrontation with the 
endophytes. Ten endophytes strains prevented the growth 
of both pathogens (Ec027, Ec035, Ec067, Ec084, Ec098, 
Ec107, Ec113, Ec120, Ec151 and Ec157). The other seven 
endophytes showed variable response to the pathogens 
(Fig. 2).

Soluble inhibitory metabolite production
The crude metabolites of 11 and seven out of the 17 strains 
were able to inhibit the growth of M. roreri and M. perniciosa 
at both concentration, respectively (Fig. 4). The strain Ec107 
at the 75 % (v/v) of crude extracts showed the greatest 
inhibition (60 %) against M. roreri (Figs. 3A and 4A), whereas 
the same extracts had the opposite effect on M. perniciosa, 

into Petri dishes and plates containing media mixed with 
sterile distilled water were included as control. Once the 
filtrate solidified, agar discs (5 mm) of the pathogens 
(7-day-old) were placed at the center of the Petri dish. Three 
replicate plates of each concentration for each endophyte 
metabolite were incubated at 26 ° C in the darkness. The 
percentage of inhibition of mycelial growth of the pathogens 
were recorded as the difference between the average radial 
growth in the presence and absence of fungal filtration using 
the formula proposed by (Ezziyyani et al., 2004).

	 PGI = ((R 1 -R 2) / R 1) * 100 	 [Formula 1]

Where: R1 is the radius of control pathogen and R2 is the 
pathogen with diluted crude extracts.

Ability to recolonize healthy leaf tissue of T. cacao
The ability of each strain to colonize healthy cacao tissue 
was studied. Seven days old cultures in Petri dishes of each 
of the 17 strains were photographed. Next, each plate was 
scraped and 5 mL of 0.05 % Tween 20 was added to aid 
mycelium transference. The mycelium was macerated, and 
the concentration adjusted to 106–107 CFU ml-1 with sterile 
distilled water. For this test, detached leaves from seedlings 
of varieties of Nacional type cacao were obtained from the 
Instituto Nacional de Investigaciones Agropecuarias, INIAP 
(2°15’15’’S, 79°49’W) in Guayas, Ecuador. Detached 
leaves were chosen to be as similar as possible in terms of 
size and age (two months old). Then were disinfected with 
2 % sodium hypochlorite for two minutes and washed with 
sterile distilled water (Bañuelos-Balandrán and Mayek-Pérez, 
2008). The leaves were uniformly sprayed with a volume 
of 1.5 mL of the inoculum solution. The leaves sprayed 
with sterile distilled water served as control. Each leaf was 
incubated in a plastic bag containing wet paper towels to 
maintain 100 % relative humidity (Tahi et al., 2007). The 
leaves were incubated for seven days in dark at 26 °C at 
an incubation chamber. After incubation, the inoculated 
leaves were washed with tap water, then three discs of 5 
mm from each side of the central vein were extracted and 
disinfected as described above. Each leaf disc was cultured 
in Petri dishes containing 2 % malt extract agar (12.75 g 
maltose, 2.75 g dextrin, 2.35 g glycerol, 0.78 g peptone 
and 15 g agar) according to the methodology described 
previously (Arnold and Herre, 2003). After the third day of 
incubation, all mycelium that emerged from each leaf disc 
were transferred to a new PDA-plate. Three leaves and 18 
leaf-discs for each treatment were used.

The identification of the colonies was based on three 
macroscopic characteristic: color, shape and texture of 
the colonies, before inoculating and after the posterior re-
isolations. Digital photographs were taken at each stage. 
The percentage of colonization of each endophyte was 

Figure 2. Percentage of survival of M. roreri and M. perniciosa after 
13 days of confrontation with endophytic strains in dual-culture-assays. 
The values were determined based on the number of disc that showed 
growth of the pathogens when extracted from the interaction zone of the 
endophyte-pathogen colonies. The lower %-value, the more mycoparasitic 
capacity of the endophytes. The 10 best isolates are represented by a 
point with 0 %-0 %. Colonies were cultivated on PDA (26° C/darkness), 
and two replicates and 20 discs per treatment were used.
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Figure 3. Growth of M. roreri onto PDA medium combined with 75 % crude metabolites of: A, strain Ec107 (C. gloeosporioides); C, strain Ec035 
(L. theobromae). B and D, Controls with no extract of M. roreri and M. perniciosa, respectively.

o 40 
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Figure 4. Effect of endophytic fungi metabolites on the micelial growth: A. M. roreri and B. M. perniciosa. Crude extracts of the metabolites from 
liquid Czapeck medium at 25° C ± 2 for 21 days. Negative values indicate stimulation of the pathogen respects to the control (PDA without the 
metabolites). Different letters indicate significant differences (p <0.01).

that is, it stimulates the growth of the pathogen, showing 
the negative values (Fig. 4B). The second more inhibitory 
strain (Ec035) against M. roreri at the same concentration, 
showed the highest inhibition against M. perniciosa (47 %) 
(Fig. 3C and Figs 4A-4B). In the figures 3B and 3D, the 
controls are shown. On the other hand, crude metabolites 
extracts of six strains always stimulate the growth of 
the pathogens at both concentrations, Ec084 (Daldinia 
eschscholtsii) against M. roreri, and five other including Ec084 
against M. perniciosa (Fig. 4A-4B). Seven out of ten strains 
with the highest mycoparasitic capacity of the mycelium 
against both pathogens, also inhibited the growth of both 
pathogens through their crude metabolites (Ec027, Ec035, 
Ec067, Ec098, Ec151 and Ec157).

Ability to recolonize healthy leaf tissue of T. cacao
Nine out of the 17 endophytes were not recovered from the 
detached leaves (Fig. 5). Three strains achieve the infections 
of the leaves and were recovered from 100 % of healthy-
leaf-discs: Ec059 (X. feejeensis), Ec098 (L. theobromae) and 
Ec151 (L. theobromae), showing the highest host colonizing 
capacity. Six out of seven strains whose metabolites inhibited 
the pathogens at both concentrations, and showed grater 
mycoparasitism by confrontation of the colonies, were 
recovered from the leaf discs of the host (Fig. 5). These 

Figure 5. Percentage of the re-isolation of endophytes from discs 
of inoculated detached healthy-cacao-leaves. Detached leaves were 
incubated for seven days at 26° C (darkness, 100 % RH). Average from 
18 leaf-discs from each strain are showed. Different letters indicate 
significant differences (p <0.01).

strains were Ec098, Ec151, Ec157, Ec120, Ec067 and Ec027, 
however, as best strains should be considered the first three 
with re-isolation percentages between 80 and 100.

In the present study, the strains with the best 
simultaneous results in the three variables analyzed were 
Ec098, Ec151 and Ec157, all belonging to L. theobromae. 
These strains reinfected the host tissue between 80 %–100 % 
of the times, and maintained inhibitory effects both at the 
level of interaction of the colonies (mycoparasitism) and 

A
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CONCLUSIONS
It should be convenient to combine several strains in a 
biological control agent formula, both for the advantages 
that can be given when applying a biological control agen in 
different agroecosystems, and for the facts observed in this 
report that not all strains were optimal in their performance. 
The strains that were consistent in the three variables 
analyzed and against both pathogens should be verified in 
planta experiments. The other two strains, Ec035 and Ec107, 
should be investigated to find specific metabolite active 
against MR or MP pathogens.
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