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Abstract 

Background: Avocado “tristeza,” a disease caused by Phytophthora cinnamomi, is one of the main limiting factors of 
avocado production in the Caribbean region. To control the pathogen, the application of agrochemicals is required, 
but this has caused environmental problems. Trichoderma spp. present properties in promoting plant growth and 
controlling phytopathogens, being proposed as an alternative to replace chemical fertilizers. The objective of the 
study was to evaluate the antagonistic activity of Trichoderma spp. against P. cinnamomi and its possible potential for 
promoting plant growth in vitro. Soil samples were taken from avocado cultivars from the municipalities of Ovejas 
(Sucre‑Colombia) and Chalán (Sucre‑Colombia).

Results: Serial dilutions were carried out for the isolation of Trichoderma spp. Once the strains were purified, the 
antagonism test against P. cinnamomi was carried out in PDA culture medium. For growth promotion, SRS medium 
was used for phosphate solubilization and CAS medium for siderophore production. DNA extraction and identifica‑
tion of the isolates were performed using the tef1 gene. Trichoderma harzianum and T. asperellum presented a 93.4% 
inhibition against the pathogen, followed by T. viride with an inhibition of 83.5% and finally T. longibrachiatum with 
78.4% inhibition, showing significant differences in the control of the growth of the pathogen (p < 0.05) and pro‑
moted plant growth. These species release enzymes that can degrade the cell wall of the pathogen causing its death 
or inhibit its growth through the production of secondary metabolites.

Conclusions: The results showed that the application of Trichoderma spp. in crops confers protection against patho‑
gens and stimulates the growth of plants to obtain a high yield.
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Background
Avocado is considered one of the main crops of major 
importance in tropical climates (Rodríguez et  al. 2017), 
providing a basic food source for millions of people in 
the world (Caro et al. 2020). Likewise, the fruit is used in 
traditional medicine because its pulp and seed are rich 

in antioxidants that have the ability to reduce the risk of 
cardiovascular diseases (Vivero et al. 2019). According to 
the Ministry of Agriculture and Rural Development, in 
Colombia, 86% of the total area planted with avocado in 
the country.

There are different constraints that affect the produc-
tion and marketing of avocado, among which is the dis-
ease called avocado “tristeza” caused by the Oomycete 
Phytophthora cinnamomi. The symptomatology caused 
by this disease causes root rot, where necrotic areas 
appear. The plant begins to show chlorotic leaves due 
to reduced water and nutrient absorption (Marais et  al. 
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2002). In the field, the trees present growth problems, 
withered leaves and small fruit size, which limits their 
commercialization (Belisle et  al. 2019). For the control 
of avocado “tristeza,” chemical fungicides are applied, 
but these have caused environmental problems and their 
excessive use generated fungicide-resistant strains (Hard-
ham and Blackman 2018).

Biological control has become an alternative to replace 
agrochemicals. The use of fungi and bacteria capable of 
inhibiting the growth of P. cinnamomi has been proposed 
for the control of cause of root wilt. Among these micro-
organisms is the fungus Trichoderma spp. which are 
capable of controlling pathogens that cause phytosanitary 
problems through the production of volatile and non-
volatile secondary metabolites, mycoparasitism and the 
ability to compete for space and nutrients in their habitat 
(Zin and Badaluddin 2020). In recent years Trichoderma 
spp. fungi have been applied in crops of economic inter-
est such as grapevine, tomato and Broccoli (De Britto and 
Jogaiah 2022). Likewise, the fungus has the ability to be 
used in bioremediation processes (Guoweia et al. 2011). 
It can be easily captured and replicated in the laboratory 
due to its rapid growth. Thanks to its potential biocon-
trol and plant growth promoter are currently marketed 
as biofertilizer, its inoculation in plants allows the uptake 
of macronutrients and micronutrients allowing in crop 
yield and soil quality (Sandheep et al. 2013). For this rea-
son, the objective of this study was to evaluate the antag-
onistic activity of Trichoderma spp. against P. cinnamomi 
and its plant growth-promoting potential in vitro.

Methods
Study area
The study was carried out in avocado plantations in the 
municipalities of Ovejas and Chalán, subregion Montes 
de María, department of Sucre, Colombia. It corresponds 
to a tropical dry forest zone and its characteristic land-
scape is mountainous. It presents an average temperature 
of 27  °C and with a rainfall that can vary between 1000 
and 1200 ml per year (Hernández Díaz 2013).

Soil sampling
With the help of a previously sterilized auger, a soil sam-
ple was taken at the base of the avocado tree. This sample 
was deposited in zip lock bags and taken to the Microbio-
logical Research Laboratory of the University of Sucre for 
processing.

Isolation of Trichoderma spp.
The soil samples were deposited in an Erlenmeyer that con-
tained 90 ml of sterile water, this was left in constant agi-
tation for its homogenization. After the time elapsed, with 
the help of a micropipette, 1  ml of the homogenate was 

taken and inoculated in test tubes containing 9 ml of saline 
solution (Camargo and Ávila 2014). From this solution, 
serial dilutions were performed in triplicate. From each 
of these dilutions, 10  µl were taken to be plated on PDA 
medium and placed in incubation for 72 h at a temperature 
of 32 °C (Rivera et al. 2016). 

Purification and identification of isolates
Petri dishes that presented growth of microorganisms with 
cultural characteristics to those belonging to the genus 
Trichoderma were purified in PDA culture medium. The 
strains were incubated for 10 days at a temperature of 32 °C 
for optimal development. Once the fungus showed growth 
in the culture medium, the morphological structures such 
as conidia, conidiophores and phialides were observed 
under the microscope using the paper tape technique. 
Taxonomic identification at the genus level was carried 
out using the keys proposed by Barnett and Hunter (1998). 
In the case of P. cinnamomi, it was taken from the micro-
organism bank of the Agricultural Bioprospecting group 
of the University of Sucre and activated in PDA culture 
medium.

The rDNA extraction was performed using the DNeasy 
Plant  Mini® kit, following the manufacturer’s protocol 
(Gamarra et al. 2017). The extracted DNA was subjected to 
polymerase chain reaction (PCR) to amplify the tef1 gene 
using primers EF1-728F 5′-CAT CGA GAA GTT CGA GAA 
GAAGG-3′ Tef1-Llevrev 5′-AAC TTG CAG GCA GGC 
AAT GTGG-3′, following the methodology proposed by 
Druzhinina (2009) and Maniscalco and Dorta (2015). The 
amplified products were sent for sequencing to Macrogen. 
The nucleotide sequence entities obtained were compared 
with those stored in GenBank. The MEGA X program was 
used to perform sequence alignment and phylogenetic 
inferences applying the Neighbor Joining method based on 
the kimura-2-parameter model with bootstrap test 1,000 
replicates. 

In vitro antagonism test of Trichoderma spp. against: P. 
cinnamomi
With the help of a punch, a mycelial block of both pathogen 
and antagonist was taken and placed at a distance of 6 cm 
from the PDA culture medium (Fig.  1). The Petri dishes 
were incubated for 3 days at a temperature of 30  °C. The 
positive result of antagonistic activity is evidenced by the 
growth of the antagonist in the culture medium.

To evaluate the antagonistic capacity, the following for-
mula proposed by Rivera et al. (2016) was applied:

PICR = (R_1− R_2)/R_1× 100
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where R1 is the radius of the control pathogen and R2 is 
the radial growth of the phytopathogen exposed to the 
antagonist.

Siderophore production
Qualitative siderophore production was determined 
using the chrome azurol-S (CAS) medium proposed by 
Schwyn and Neilands (1987). 

Phosphate solubilization
The phosphate solubilizing ability of each strain was 
determined using SRS culture medium. Color change 
from purple to yellow in the medium is considered posi-
tive for phosphate solubilization (Sundara and Sinha 
1963). Strains showing both inhibition and plant growth-
promoting activity are candidates for the molecular iden-
tification process.

Statistical analysis
A completely randomized design (CRD) was applied 
for the antifungal activity of Trichoderma spp. against 
P. cinnamomi. Likewise, the Duncan rank multiple test 
was applied to establish significant statistical differences 
(p < 0.05) in terms of the percentage of inhibition. The 
arcsine transformation was applied, since it is the sug-
gested transformation for this type of data. The student 

version of the InfoStat program was used for data analy-
sis. The tests were performed in triplicate.

Results
A total of 16 strains of Trichoderma spp. were isolated, of 
which 6 belonged to the municipality of Ovejas-Colom-
bia and 10 to the municipality of Chalán-Colombia. 
Likewise, 3 strains from Chalán (C1CHLIM, C7CHLIM 
and C3CHLIM) and 1 strain from Ovejas (C9OVLIM) 
showed an in  vitro antagonistic effect against the path-
ogen. The Duncan rank multiple test yielded significant 
statistical differences (p < 0.05) in the percentage of inhi-
bition of each of the Trichoderma spp. strains. In addi-
tion, strain C1CHLIM and C9OVLIM presented the 
highest percentages of inhibition and did not present sig-
nificant statistical differences against the pathogen (p > 
0.05) (Figs. 1, 2).

The results of molecular analysis showed that strain 
C1CHLIM was identified as (Trichoderma harzianum), 
C7CHLIM (T. viride) C3CHLIM (T. longibrachiatum) 
and C9OVLIM as (T. asperellum). In turn, they showed 
in  vitro plant growth-promoting activity (Figs.  3, 4). 
These results should be further supported by other tests 
including siderophore types and their evaluation in the 
plant.

Fig. 1 Duncan rank multiple testing for the variable percentage inhibition of Trichoderma spp. strains against P. cinnamomi. Means with a common 
letter are nonsignificantly different (p > 0.05)
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Discussion
Trichoderma spp. are characterized by rapid growth 
which allows them to compete for space and nutrients 
in its environment. In addition, they have the ability to 
release enzymes such as chitinases and glucanases that 
cause damage to the cell wall of the pathogen. Once the 
cell wall has been degraded, the hyphae of Trichoderma 
spp. can completely colonize the pathogen causing its 
death by necrotrophic mycoparasitism (Vargas and Gil-
christ 2015).

Studies by Tchameni et  al. (2017) demonstrated that 
Trichoderma asperellum inhibited the in vitro growth of 
Phytophthora megakarya by necrotrophic mycoparasit-
ism destroying the cells present in the hyphae and gen-
erating coiling in the hyphae of the pathogen. Likewise, 
Troian et  al. (2014) demonstrated that T. harzianum 
inhibited the growth of Sclerotinia sclerotiorum by myco-
parasitism in which the fungus releases enzymes such as 
glucanases and peptidases capable of degrading the cell 

wall of some pathogens. Once the cell wall was degraded 
the fungus multiplied forming a dense mycelium that 
penetrated the hyphae of the pathogen. Das et al. (2019) 
isolated Trichoderma spp. strains from the rhizosphere 
of ginger cultivars grown in different regions of Palakkad 
and Idukki districts, India. These isolates were identified 
as Trichoderma asperellum, strain AFP, T. asperellum, 
strain MC1, T. brevicompactum MF1 and T. harzianum, 
strain CH1 which showed in  vitro antagonistic activity 
against several soil-borne plant pathogens such as Fusar-
ium oxysporum, Rhizoctonia solani and Phytophthora 
capsici indicating that Trichoderma spp. isolates can be 
used as effective microbial biological control agents.

Trichoderma species have shown great benefits on the 
growth and yield of crops of economic interest through 
the production of siderophores, phosphate solubilization 
and Indole Acetic Acid (IAA) (Hermosa et al. 2013). For 
example, in the study conducted by Qi and Zhao (2013) 
evaluated the plant growth promotion of T. asperellum 
on cucumber seedlings under salt stress conditions. The 
results obtained were that the fungus promoted plant 
growth and improved plant conditions induced by salt 
stress. Likewise, the production of siderophores allowed 
the plant to show signs of recovery from the effects of 
salinity and available iron deficiency Zhang et al. (2016) 
reported that the application of T. longibrachiatum 
produced a high growth in maize seedlings that were 
under salt stress. In addition, the application of this 
strain increased the water content in roots, leaves and 
decreased the stress in the plant thanks to the produc-
tion of siderophores. In turn, Ghosh et al. (2017) showed 
that T. harzianum species produced hydroxamate- and 
carboxylate-type siderophores (85%), while T. viride 
(65%), T. asperellum (60.27%) and T. longibrachiatum 
(45.5%) recorded lower production of hydroxamates and 
carboxylates as confirmed by the color intensity in CAS 
medium. The production of siderophores in Trichoderma 
species fulfills the function of trapping iron in order to 

Fig. 2 In vitro inhibition of Trichoderma spp. against P. cinnamomi in PDA culture medium. A C1CHLIM, B C9OVLIM, C C3CHLIM, D C7CHLIM. (C): 
strain; (OV): Sheep; (CH): Chalan; (LIM): Microbiological Research Laboratory

Fig. 3 Dendrogram using the Neighbor‑joining method under the 
Kimura 2‑parameter model of the sequences of the tef1 gene of 
Trichoderma spp.
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avoid the activation of the enzymes of the pathogen and 
not to cause damage inside the plant. The production of 
siderophores is one of the mechanisms that induce the 
promotion of plant growth and defense against patho-
gens (Ghosh et al. 2020).

Moreover, phosphate solubilization by microorgan-
isms is considered one of the most important benefits 
for agriculture, which are being used as bio-fertilizers. 
Several studies have demonstrated the application of 
Trichoderma spp. fungi for their ability to solubilize 
phosphates, including in areas contaminated with heavy 
metals (Rawat and Tewari 2011).

Li et al. (2015), demonstrated that T. harzianum species 
applied on tomato plants under hydroponic conditions 
significantly improved biomass and nutrient uptake when 
these were grown in nutrient-deprived soil. In addition, 
the strain was able to solubilize poorly soluble minerals 
such as phytate by releasing organic acids such as citric, 
lactic and succinic acids, which were detected by HPLC. 
Subsequently, the contribution given by Saravanakumar 
et al. (2013) demonstrated that Trichoderma spp. isolated 
from Avicennia marina (Forssk.) Vierh. (Acanthaceae) 
solubilized phosphate in  vitro using NBRIP liquid 
medium, which contains tricalcium phosphate  Ca3(PO4)2 
as insoluble phosphate.

This study demonstrated that phosphate solubilization 
by Trichoderma spp. can be used to improve agricultural 
soils and mangrove growth Busato et  al. (2021) deter-
mined that when applying the combination of T. asperel-
lum and T. virens in vermicompost, the content of soluble 

P increased through the release of citric acid compared 
to noninoculated vermicompost. These results give 
indications to continue studying the possibility of using 
Trichoderma species in compost production, since it 
could favor the absorption of soluble phosphate by plants 
and improve crop production.

Conclusion
The results of this study demonstrate that Trichoderma 
species can be applied in crops of economic interest for 
biological control against pathogens and stimulate plant 
growth in order to obtain a good yield. In addition, it 
allows reducing the costs in the application of chemical 
fertilizers.
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