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Abstract 
Lasiodiplodia theobromae and Pseudofusicoccum kimberleyense are pathogens caus-
ing trunk canker in Carya illioniensis and there are still no reports of effective forms of 
control. However, biological control is a promising measure. The objective of this work 
was to isolate, identify and evaluate the action of Trichoderma spp. in the in vitro con-
trol of L. theobromae and P. kimberleyense and to identify the compounds produced by 
the antagonist. Trichoderma spp. was identified by molecular technique and morphologi-
cally characterized. The antagonistic action of T. asperellum isolates (obtained from the 
rhizospheric soil, and of an isolate obtained from a commercial formulation) was evalu-
ated by pairing cultures and volatile metabolites on L. theobromae and P. kimberleyense. 
Optimization of the cultivation method of T. asperellum was carried out and the com-
pounds produced by the antagonist were identified by gas chromatography. Isolates ob-
tained from the soil were identified as T. asperellum and decreased mycelial growth of 
L. theobromae and P. kimberleyense in the crop pairing test (48.98% S6 x Qt), as well as by 
volatile metabolites (29.85% SM21 x TR4). The cultivation conditions that generated the 
filtrates with the greatest antifungal action used 20 g · l–1 of corn maceration water, yeast ex-
tract 7.5 g · l–1, pH 5, agitation 100 rpm, sucrose 50 g · l–1, inoculum concentration 105 spores 
/ml. Among the identified compounds, some stood out for having bioactive action, such as 
pyran derivatives, celidoniol, deoxy, pentadecanoicacid, 2,3-dihydro-3,5-dihydroxy-6-me-
thyl, propanoicacid, 1-methylethyl ester and 9-octadecenoic acid. The T. asperellum isolates 
showed potential for biocontrol in vitro, acting by different mechanisms.
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Introduction

Carya illinoinensis (Wangenh.) K. Koch, popularly 
known as pecan nut, is a species of the Junglandaceae 
family, native to North America and Mexico (Vázquez 
2016). In Brazil, pecan is grown mainly in the south. 

This species has grown in economic importance be-
cause there has been an increase in area planted with 
pecan and, consequently, an increase in the number 
of diseases, mainly those caused by fungal pathogens. 
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These cause serious damage to the crop, such as re-
duced productivity, reduced quality of the final 
product and even the death of plants in the orchard. 
Among the diseases reported is stem canker caused by 
fungi of the Botryosphaeriaceae family. The symptoms 
of the disease are fissures or small elliptical lesions in 
the bark of the trunk and branches, which progress to 
cankers of up to 60 cm, with black streaks close to the 
vascular tissues and death of plants (Poletto et al. 2016; 
Rolim et al. 2020; Rolim et al. 2022).

 Biological control with the genus fungi of Tricho-
derma is effective in controlling pathogens that can 
survive in the soil. These microorganisms have good 
adaptation to this environment, inhibiting the fungal 
structures of the pathogen, or colonizing root surfaces 
and rhizospheric soil. They also increase plant growth 
due to the availability of nutrients and make it less sus-
ceptible (Chen et al. 2019a; Sanchez et al. 2019). 

In biological control, maintaining the antagonist 
alive is a condition to ensure control of the disease. 
The reproduction and optimization of compounds 
produced by these microorganisms in a culture me-
dium, before the application of the bioproduct, makes 
it a viable alternative, with no need to keep the mi-
croorganism alive at the end of the process. Thus, 
only compounds released during fungal development 
are used for control, optimizing the potential of the 
generated bioproducts, both in the control of  and in 
the promotion of plant growth. These bioproducts can 
be produced at low cost and in large quantities, making 
it easier to apply in vivo (Vinale et al. 2014). 

One way of obtaining these bioproducts is through 
submerged fermentation. In this case, the microorgan-
ism is grown in a liquid medium, where in addition 
to the growth of its vegetative and reproductive struc-
tures, the fungus releases substances and enzymes that 
can be used for the most diverse purposes, including 
the control of phytopathogens and weeds (Chen et al. 
2019b). 

Therefore, the objective of this work was to obtain 
and identify isolates of Trichoderma spp. associated 
with Carya illioniensis rhizosphere, to evaluate the 

action of Trichoderma spp. in the in vitro control of 
Lasiodiplodia theobromae and Pseudofusicoccum kim-
berleyense and to identify bioactive compounds pro-
duced by Trichoderma spp.

Materials and Methods

Origin of isolates

Three isolates of Trichoderma spp. are antagonistic: 
two from rhizospheric soil in an orchard of C. illinoi-
nensis plants (coded as TR1 and TR4), and an isolate 
obtained from an aliquot of commercial product with 
2 × 109 conidia per ml, which was plated onto pota-
to-dextrose-agar (PDA) medium (coded as Qt). As 
pathogens, two isolates that cause stem canker in pe-
can tree, L. theobromae and P. kimberleyense, both were 
from the library of the Phytopathology Laboratory of 
the Federal University of Santa Maria, and were coded 
as “S6” and “SM21” (Table 1).

Molecular characterization  
of Trichoderma spp.

The DNA of the isolates TR1 and TR4 was extracted by 
scraping the mycelial growth of the fungus, grown for 
7 days in PDA culture medium, with the Extraction Kit 
ZR Fungal / Bacterial DNA Mini Prep (ZymoResearch, 
Irvine, CA, USA). Then part of the 1-alpha elongation 
factor (EF1) gene was amplified with the primer pair 
A-TEF_F (5 ‘CCTTCAAGTACGCYTGGGTTC-3’) 
and A-TEF_R (5 ‘-TTCTTGGAGTCACCGGCAA-3’) 
(Perrone et al. 2011). 

The nucleotide sequences obtained were compared 
with those of the National Center for Biotechnologi-
cal Information GenBank (http://www.ncbi.nlm.nih.
gov/) (Altschul et al. 1997). The sequences of GenBank 
that presented the highest scores and of other species 
of Trichoderma were selected and aligned, with the 
sequences obtained in the sequencing of the isolates 
of the present research, by the ClustalW algorithm 
(Thompson et al. 1994). Phylogenetic analysis was 

Table 1. Species and isolate coding, coordinates (GMS) of the place of collection, Genbank/product deposit code, SMDB access and 
Sisgen Code

Isolate species and coding
Coordinates (GMS)  

of the collection site
GenBank/ 

Product code
SMDB code Sisgen code

Trichoderma asperellum (TR1) 29º43’29”S – 53º43’0,51”O MK982653 18.371 A32646D

Trichoderma asperellum (TR4) 29º43’29”S – 53º43’0,51”O MN082152 18.372 A32646D

Trichoderma asperellum (Qt) – URM – 5911 – –

Lasiodiplodia theobromae (S6) 29º21’06”S – 52º58’39”O MT533179 18.362 A32646D

Pseudofusicoccum kimberleyense (SM21) 29º41’05,12”S – 53º43’33,16”O MH188485 18.364 A32646D
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performed using the “neighbor–joining” statistical 
method with 1000 replicates, using the MEGA ver-
sion 4 program (Tamura et al. 2007). The similarity 
of the nucleotide sequences between the isolates was 
calculated using the basic local alignment search tool – 
BLAST procedure. After identification, the sequences 
of the present research were deposited in GenBank.

Morphological characterization  
of Trichoderma spp.

The mycelial growth rate (MGR) was determined by 
transferring discs (6 mm, PDA medium) of isolates of 
Trichoderma spp., obtained from colonies with 7 days 
of growth, to other plates with PDA medium (25 ± 2ºC, 
with 12 h of photoperiod). The mycelial growth of each 
isolate was incubated and evaluated daily for 5 days, 
when the first repetition colonized the entire surface of 
the culture medium, two diametrically opposite posi-
tions of each plate were measured. For the final average 
diameter of the colony, the diameter measured on the 
fifth day of mycelial growth evaluation was used.

Sporulation was evaluated after 7 days of incuba-
tion, by adding 10 ml of sterile distilled water, plus 
a drop of the emulsifier Tween 80®. The suspension 
was stirred for 30 s with the aid of a micropipette. One 
ml was removed and spread in a Neubauer chamber 
for later determination of the conidia concentration 
(conidia · ml–1). Colony coloration was observed af-
ter 7 days of incubation, with the aid of the Munsell 
-Soil Color Chart (Munsell 2009) and the conidia were 
characterized by measuring the width and length of  
30 conidia.

Direct confrontation and volatile metabolites

PDA culture medium disks containing mycelium from 
pathogenic isolates were transferred to Petri dishes 
containing PDA medium. Then, a PDA disk, contain-
ing mycelium from Trichoderma spp. isolates, was 
transferred to the opposite position of each plate. As 
a control, only the pathogen on the plate was used. All 
fungal isolates used in the experiment were previously 
cultured in PDA, for 7 days in BOD (25 ± 2°C, photo-
period 12 h). After the installation of the experiment, 
the plates were incubated (25 ± 2°C, photoperiod 12 h).

The inhibitory effect of volatile metabolites was 
assessed as described by Dennis and Webster (1971), 
with adaptations. In this methodology two bases of Pe-
tri dishes of 90 mm containing PDA received, individ-
ually, disks (6 mm) of the cultures of the pathogen and 
the antagonist, arranged in the center of them. After-
wards, these were superimposed and joined laterally, 
with transparent plastic film. As a control, two bases 
were superimposed, one containing the pathogen and 

the other only culture medium. The plates used in the 
experiment were incubated in BOD (25 ± 2°C, photo-
period 12 h).

The experimental design of the culture and volatile 
metabolites pairing tests was completely randomized, 
in a 4 × 2 bifactorial analysis (Antagonist: 3 isolates 
of Trichoderma spp. and absence of Trichoderma spp. 
x Pathogen: L. theobromae and P. kimberleyense). The 
evaluation of mycelial growth inhibition in the volatile 
metabolites experiment was carried out on the fourth 
day after the installation of the experiment and of pair-
ing cultures on the fifth day. The evaluation of treat-
ments was performed by measuring the diameter of 
colonies in two axes, comparing the radial growth of 
each treatment with the control, calculating the per-
centage of inhibition of mycelial growth (PIC), accord-
ing to equation: I(%) = [(DC–DT)/DC] × 100, where: 
I = percentage of inhibition; DC = control colony 
diameter (mm); DT = colony diameter of treatments 
(mm) (Isaias et al. 2014).

Optimization of fermentation of isolates  
of Trichoderma spp.

The cultivation conditions were optimized by means of 
a Plackett-Burman experimental design, with 11 runs 
with three central points. The variables tested were pH 
(5, 6 and 7) sucrose (50, 75 and 100 g · l–1), inoculum 
concentration (105, 106 and 107) and agitation (100, 140 
and 180 rpm). The medium was supplemented with 
20 g · l–1 of corn maceration water (AMM) and 7.5 g · l–1 

yeast extract (Junges et al. 2018). When the pH was 
below the desired level, sodium hydroxide was used to 
increase the pH and when it was above, hydrochloric 
acid was used to lower it, thus adjusting the pH value.

The Erlenmeyers containing the culture medium 
were autoclaved (120ºC for 20 min.). After cooling, 
the culture medium was inoculated with 1 ml of the 
spore suspension of Trichoderma spp. in a laminar flow 
chamber. The spore concentration was obtained from 
the growth of Trichoderma spp. in Petri dishes (7 days, 
25 ± 2°C, 12 h photoperiod), in which distilled and 
sterilized water was added and the colony surface was 
scraped with a Drigalski loop, followed by adjustment 
of the suspension in a Neubauer chamber. Then, the 
treatments were placed in an incubator chamber with 
orbital agitation, under agitation speed previously de-
fined by the treatments.

After 96 h of incubation, the biomass was separated 
from the liquid part, obtaining the culture filtrates, 
performed by filtration in a 12 µm millipore mem-
brane and then in 0.22 µm, using a membrane filtra-
tion system coupled to a water pump vacuum to re-
duce filtration time. The culture filtrates were frozen 
for later use in the experiments.
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Non-volatile metabolites of Trichoderma  
asperellum in the inhibition of mycelial 
growth of Lasiodiplodia theobromae  
and Pseudofusicoccum kimberleyense

The culture medium with the added filtrates (10 v/v 
im PDA medium flux) was homogenized and then 
poured into Petri dishes, where a 6 mm disk of the 
pathogenic fungi was placed in the center of each dish. 
For the control, sterile distilled water was added to the 
culture medium in the same proportion (10%), replac-
ing the culture filtrate (Isaias et al. 2014). The sides of 
the plates were sealed with clear plastic film. The plates 
used in the experiments were incubated (25 ± 2°C with 
a 12 h photoperiod). 

The experimental design was the Plackett-Burman. 
The evaluation of the action test of non-volatile me-
tabolites was on the fifth day after installation of the 
experiments when a repetition occupied the entire 
surface of the medium. The evaluation was carried out 
by measuring the diameter of the colonies in two axes, 
comparing the mycelial growth of each treatment with 
the control. Finally, the percentage of inhibition of my-
celial growth (PIC) was calculated (Isaias et al. 2014).

Chromatographic analysis of the culture 
filtrates of Trichoderma spp.

For liquid-liquid extraction, 10 ml of the culture fil-
trates of Trichoderma spp. grown under condition 
eight were mixed with 50 ml of the solvents: metha-
nol, ethanol and hexane. The mixing was carried out 
in a volumetric flask and the resulting solutions were 
stirred for 24 h at room temperature. After this period, 
the solutions were placed in a test tube for 24 h (etha-
nol and methanol) and 1 h (hexane). The supernatant 
was stored in a refrigerator for analysis.

The molecules produced were determined using 
a multidimensional gas chromatography system (Shi-
madzu, model MDGC / GCMS-2010) equipped with 
a mass spectrometry detector (QP-2010 Ultra) and 
flame ionization detector (FID-2010 Plus), and auto-
matic injection system (AOC-20i). 

The samples used1 µL, which was injected in split 
mode (30: 1) at 250°C. Fused silica column Rtx®-5ms 
GC (30 m × 0.25 mm id × 0.25 µm film thickness) was 
used with 5% diphenyl and 95% dimethylpolysiloxane 
(Restek Corporation, Bellefonte, PA, USA). Helium gas 
was used for transport at a flow rate of 1.69 ml · min–1 

for samples dissolved in hexane and 1.33 ml · min–1  for 
those dissolved in methanol and ethanol. The injection 
temperature was 270°C for all samples analyzed.

For samples dissolved in hexane, the oven tempera-
ture was increased from 50°C to 280°C at 5°C/min, re-
maining so for 15 min. In the case of samples in meth-
anol and ethanol, the oven temperature was increased 

from 100°C to 310°C at 5°C · min–1, remaining so for 
15 min. The temperature of the interface and the ion 
source was 280°C. For these samples, mass spectra were 
recorded between 35 and 500 amu at 0.30 scan · s–1, 
and for samples dissolved in methanol and ethanol at 
0.30 scan · s–1 and above 35–700 amu. The molecules 
were identified by quadrupole mass spectrometry with 
the electron impact (EI) mode generated at 70 eV in 
the scan acquisition mode. The compounds were iden-
tified by comparing the mass spectrum with those in 
the database (Wiley, 9th edition).

The data obtained in the culture pairing test, vola-
tile and non-volatile metabolites were subjected to 
analysis of variance and the means were compared us-
ing the Skott-Knott test at 5% probability of error us-
ing the SISVAR 5.3 statistical program (Ferreira 2014).

Results

Molecular and morphological  
characterization of Trichoderma spp.

With the sequencing of the elongation factor region 
(TEF1-α), it was observed that isolates TR1 and TR4 
were allocated to the same clade as other isolates of 
the species Trichoderma asperellum, with a bootstrap 
of 100 (Fig. 1). Thus, the isolates were identified as 
T. asperellum. 

The sporulation between the isolates ranged from 
3.85 × 107 (TR1) a 6.31 × 107 (Qt) spores/ml, in which 
the T. asperellum isolate (Qt) showed the highest spor-
ulation among the isolates (Table 2). The final average 
diameter of the colonies of all T. asperellum isolates 
was 90.00 mm, whereas the mycelial growth rate for 
TR1 and TR4 isolates was 22.50 mm · day–1 and for the 
Qt isolate it was less than 19.79 mm · day–1. There was 
variation in the size of the conidia, with an average of 
3.51 (T. asperellum – Qt) to 3.85 (T. asperellum – TR1) 
µm and width between the conidia 3.19 (T. asperellum 
– TR4) to 3.24 µm (T. asperellum – Qt) among the iso-
lates. The colonies had green tones for all isolates of 
T. asperellum (TR1, TR4 and Qt). 

Direct confrontation

Regarding the mycelial growth of L. theobromae (S6) 
and P. kimberleyense (SM21), there was a significant 
difference between treatments with the antagonist, in 
relation to the control (Table 3). However, there was 
no statistical difference between the isolates of T. as-
perellum (TR1, TR4 and Qt). The control treatment of 
L. theobromae (S6) was the one with the largest dia-
meter of the colony on the fifth day of growth, occu-
pying the entire surface of the medium and differing 
statistically from P. kimberleyense (SM 21).
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The inhibition values   ranged from 27.41% (TR4 × 
SM21) to 48.98% (TR4 × S6), in which the greatest re-
duction in mycelial growth was for L. theobromae (S6) 

compared to P. kimberleyense (SM21). In this study, it 
was also observed that T. asperellum isolates did not 
present statistical differences between them in relation 

Table 2. Morphological and physiological characteristics of Trichoderma asperellum isolates cultivated on potato dextrose agar (PDA) 
medium

Isolated
Esp. 
[107]

DC  
[mm]

T.C.M.  
[mm · dia–1]

Spore [µm] Mycelium pigmentation

width length higher bottom

TR1 3.85 90.00 22.50 3.29 3.85 grayish green grayish green

TR4 5.77 90.00 22.50 3.19 3.52 light olive green light green

Qt 6.31 90.00 19.79 3.24 3.51 light olive green grayish green

PDA culture medium: Esp. – sporulation at 7 days; DC – final mean diameter of the colony; T.C.M. – mycelial growth rate

Table 3. Mycelial growth and percentage of inhibition of mycelial growth of Lasiodiplodia theobromae (S6) and Pseudofusicoccum 
kimberleyense (SM21) compared to Trichoderma asperellum (TR1, TR4 and Qt) isolates in the culture pairing test

Treatment
Mycelial growth [mm] % of inhibition

S6 SM21 S6 SM21

TR1 45.55 Ab* 40.67 Ab 43.38 Aa 30.44 Ba

TR4 41.06 Ab 42.61 Ab 48.98 Aa 27.18 Ba

Qt 42.80 Ab 42.44 Ab 46.80 Aa 27.41 Ba

Test 90.00 Aa 58.47 Ba – –

CV [%] 12.67 10.84

*averages followed by the same uppercase letter in the row and lowercase letter in the column do not differ statistically by the Scott-Knott test at 
5% probability of error

Fig. 1. Phylogenetic dendrogram based on the Neighbor-joining method, obtained from DNA sequences from the elongation factor 
1-a region
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to in vitro control for the same phytopathogenic iso-
late, mainly due to the fact that these isolates are of the 
same species, and therefore present similar mycelial 
growth, as can be seen in the morphological charac-
terization (Table 2).

Volatile metabolites 

In the volatile metabolites test, all treatments with 
T. asperellum inhibited the growth of L. theobromae 
(S6) and P. kimberleyense (SM21), and there was a sig-
nificant interaction between the factors (Table 4). On 
the fourth day after the installation of the experiment, 
the isolate that showed the greatest mycelial growth 
was S6 (90.00 mm), which filled the entire surface of 
the culture medium during this period, while the iso-
late SM21 grew only 64.59 mm.

As for mycelial growth inhibition, the volatile me-
tabolites produced by T. asperellum (TR4), when placed 
in contact with the L. theobromae isolate (S6), presented 
the lowest percentage of inhibition (7.14%). This result is 
different from that observed for the isolate P. kimberley-
ense (SM21), since the highest percentage of inhibition 
of mycelial growth was obtained when it was confronted 
with the isolate TR4 of T. asperellum (29.85%). 

Non-volatile metabolites of Trichoderma  
asperellum in the inhibition of mycelial 
growth of Lasiodiplodia theobromae  
and Pseudofusicoccum kimberleyense

In reducing the mycelial growth of L. theobromae, in 
general, the best results came from the culture filtrates 
obtained through condition eight of development of 
T. asperellum strains, with the cultivation variables be-
ing: pH 5, agitation 100 rpm, sucrose 50 g · l–1, inocu-
lum concentration 105 spores/ml (Table 5). The greatest 
reduction was achieved by the filtrate of isolate TR1, 
which was statistically different from the others and re-
duced the mycelial growth of L. theobromae by 49.12%.

For the filtrates obtained from the T. asperellum 
isolate (Qt), conditions two and three also showed 
a reduction in mycelial growth above 40.00%. This 
result was even higher than for condition eight. For 
the isolate of T. asperellum (TR1), a reduction in my-
celial growth above 40.00% was observed for condi-
tions five and six, and for the isolate of T. asperellum 
(TR4) for condition five, that is, the culture condition 
to obtain the filtrate with the greatest antifungal effect 
varied according to the isolate. Thus, condition eight 
can be chosen as the best, as it shows greater stabil-
ity in the production of filtrates with an antifungal 
effect.

For P. kimberleyense (SM21), condition eight again 
stands out as the one that most reduced the myce-
lial growth of the pathogen in vitro (Table 6). When 
the culture filtrates obtained from the TR1 strain of 
T. asperellum were evaluated, condition eight (pH 5, 
agitation 100 rpm, sucrose 50 g · l–1, inoculum con-
centration 105 spores/ml) was the only condition that 
generated filtrates with antifungal action. This patho-
gen showed lower sensitivity to culture filtrates when 
compared to L. theobromae, and the only one with an 
inhibition percentage above 40.00% was the filtrate ob-
tained from condition eight of the cultivation of the Qt 
strain of T. asperellum.

Chromatographic analysis of the culture  
filtrate of Trichoderma asperellum isolates

The best condition for the production of T. asperel-
lum filtrates with inhibitory action on the mycelial 
growth of L. theobromae and P. kimberleyense was 
eight (pH 5, 100 rpm agitation, 50 g · l–1 of sucrose and  
105 conidia · ml–1). Thus, the identification of the com-
pounds present in this culture filtrate was carried out by 
means of gas chromatography. Table 7 shows the com-
pounds extracted by the solvents used in liquid-liquid 
extraction. Each solvent extracts different compounds, 
mainly due to differences in polarity between them.

Table 4. Mycelial growth and percentage of mycelial growth inhibition Lasiodiplodia theobromae (S6) and Pseudofusicoccum 
kimberleyense (SM21), grown in the presence of volatile metabolites of Trichoderma asperellum isolates (TR1, TR4 and Qt), in vitro

Treatments

Mycelial growth  
[mm]

% of inhibition

S6 SM21 S6 SM21

TR1 65.44 Ac* 53.25 Bb 27.29 Aa 17.56 Bb

TR4 83.57 Ab 45.31 Bc 7.14 Bb 29.85 Aa

Qt 77.57 Ab 54.18 Bb 13.81 Ab 16.11 Ab

Test 90.00 Aa 64.59 Ba – –

CV [%] 6.85 20.76

*averages followed by the same lowercase letter in the column and uppercase in the row do not differ significantly from each other, at 5% probability of 
error, by the Skott-Knott Test. Where: CV (%) = coefficient of variation
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Discussion

In this work, isolates of Trichoderma spp. from a pe-
can orchard were used which were characterized mor-
phologically and molecularly. Furthermore, different 
mechanisms by which T. asperellum isolates (TR1, TR4 
and Qt) can act to control phytopathogenic fungi were 

addressed, and different tests were carried out to this 
end.

The results of the present work are positive, since it 
was possible to identify with reliability the species of 
Trichoderma using only the sequencing of the elonga-
tion factor. Lazarotto et al. (2016), using the elongation 
factor, also identified species of Trichoderma isolates, 
which were allocated in clades with T. atroviride, with 

Table 6. Effect of culture filtrates of different strains of Trichoderma asperellum (TR1, TR4 and Qt) on mycelial growth (mm) and on 
the percentage of inhibition of mycelial growth (%) of Pseudofusicoccum kimberleyense (SM21)

Trat pH
Agitation 

[rpm]
Sucrose 

[g· l–1]
Spores 

[ ]** 

Mycelial growth [mm] Inhibition  [%]

TR1 TR4 Qt TR1 TR4 Qt

1 7 100 50 107 90.00 Aa* 87.54 Aa 73.71 Bb 0.00 Bb 0.00 Bc 15.79 Ab

2 7 180 50 107 90.00 Aa 90.00 Aa 78.75 Bb 0.00 Bb 0.00 Bc 10.03 Ac

3 7 180 100 105 90.00 Aa 82.22 Ba 90.00 Aa 0.00 Bb 6.06 Ab 0.00 Bd

4 5 180 100 107 90.00 Aa 90.00 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

5 7 100 100 107 90.00 Aa 90.00 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

6 5 180 50 107 90.00 Aa 90.00 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

7 5 100 100 105 90.00 Aa 79.94 Bb 90.00 Aa 0.00 Bb 8.67 Ab 0.00 Bd

8 5 100 50 105 79.71 Ab 76.23 Ab 45.82 Bc 8.93 Ca 12.90 Ba 47.65 Aa

9 6 140 75 106 90.00 Aa 88.33 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

10 6 140 75 106 90.00 Aa 89.21 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

11 6 140 75 106 90.00 Aa 89.61 Aa 90.00 Aa 0.00 Ab 0.00 Ac 0.00 Ad

Test 87.53 Aa 87.53 Aa 87.53 Aa –

CV [%]         5.66 20.27

*Averages followed by the same uppercase letter in the row and lowercase letter in the column do not differ statistically by the Scott-Knott 
test at 5% probability of error;
**[ ] – spore concentration

Table 5. Effect of culture filtrates of different Trichoderma asperellum strains (TR1, TR4 and Qt) on mycelial growth (mm) and on the 
percentage of inhibition of mycelial growth (%) of Lasiodiplodia theobromae (S6)

Trat pH
Agitation 

[rpm]
Sucrose  

[g· l–1]
Spores  

[ ]** 

Mycelial growth [mm] Inhibition [%]

TR1 TR4 Qt TR1 TR4 Qt

1 7 100 50 107 63.84 Bd* 90.00 Aa 52.39 Ce 29.07 Bb 0.00 Cd 41.79 Ab

2 7 180 50 105 66.77 Bd 90.00 Aa 47.40 Ce 25.81 Bb 0.00 Cd 47.33 Aa

3 7 180 100 105 90.00 Aa 90.00 Aa 47.34 Be 0.00 Bd 0.00 Bd 47.40 Aa

4 5 180 100 107 90.00 Aa 90.00 Aa 88.06 Aa 0.00 Bd 0.00 Bd 2.16 Af

5 7 100 100 107 49.82 Cc 52.97 Bd 71.19 Ac 44.64 Aa 41.14 Aa 20.90 Bd

6 5 180 50 107 48.54 Bc 75.18 Ab 77.50 Ab 46.07 Aa 16.47 Bc 13.89 Be

7 5 100 100 105 81.12 Cb 59.11 Bc 86.09 Aa 9.87 Bc 34.32 Ab 4.34 Cf

8 5 100 50 105 45.79 Bd 51.48 Ad 50.66 Ae 49.12 Aa 42.80 Ba 43.71 Bb

9 6 140 75 106 90.00 Aa 90.00 Aa 64.00 Bd 0.00 Bd 0.00 Bd 28.89 Ac

10 6 140 75 106 90.00 Aa 90.00 Aa 65.79 Bd 0.00 Bd 0.00 Bd 26.90 Ac

11 6 140 75 106 90.00 Aa 90.00 Aa 63.53 Bd 0.00 Bd 0.00 Bd 29.41 Ac 

Test 90.00 Aa 90.00 Aa 90.00 Aa –

CV [%]         8.50 13.15

*averages followed by the same uppercase letter in the row and lowercase letter in the column do not differ statistically by the Scott-Knott test 
at 5% probability of error;
**[ ] – spore concentration
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Table 7. Identification and percentage of the compounds present in the culture filtrates of Trichoderma asperellum extracted with 
solvents ethanol, methanol and hexane

Nomenclature Iuapac

Ethanol Methanol Hexane

RT  
[min]

area  
[%]

RT  
[min]

area  
[%]

RT  
[min]

area  
[%]

Isolate TR1

Hydroxyls

1,3-Propanediol, 2-(hydroxymethyl)-2-nitro- 5.055 8.390 – – – –

2,7-dimethyl-4,5-octandiol 12.293 4.160 – – – –

Fatty acids

Hexadecanoicacid, 2-hydroxy-1-(hydroxymeth 21.893 21.77 23.514 19.510 – –

9-Octadecenamide 24.094 4.460 – – – –

Pyran derivatives and biologically active compounds

4H-Pyran-4-one, 2-hydroxy-3-methyl- 6.957 11.432 – – – –

Propanoicacid, silver(1+) salt – – 5.224 5.210 – –

Isolate TR4

Fatty acids

Hexadecanoicacid, 2-hydroxy-1-(hydroxymeth 21.896 5.579 16.564 11.87 – –

Octadecanoicacid, 2-hydroxy-1-(hydroxymethyl 21.802 8.491 – – – –

9-Octadecenamide 22.139 3.240 – – – –

Pentadecanoicacid 17.479 5.173 – – – –

11-Octadecenoic acid, methylester, – – 18.302 2.870 – –

Hexatriacontane – – – – 21.668 44.771

Pyran derivatives and biologically active compounds

4H-Pyran-4-one, 2-hydroxy-3-methyl- 6.190 7.080 – – – –

2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4 7.161 4.930 7.160 5.201 – –

Propanoicacid, silver(1+) salt – – 5.049 3.010 – –

Celidoniol, deoxy – – 40.288 6.223 – –

Isolate Qt

Hydroxyls

DL-Methyltartronic acid 3.055 2.251 – – – –

2,4(1H,3H)-Pyrimidinedione, 5-methyl- – – 6.183 4.602 – –

Guanosine – – 12.294 6.641 – –

Fatty acids

Hexadecanoicacid, 2-hydroxy-1-(hydroxymeth 23.514 3.020 – – – –

Octadecanoicacid, 2-hydroxy-1-(hydroxymethyl 18.300 1.851 – – – –

9-Octadecenamide 24.082 4.390 – – – –

Hexadecanoicacid, methylester – – 16.564 10.560 – –

11-Octadecenoic acid, methylester, – – 23.504 3.552 – –

Pyran derivatives and biologically active compounds

4H-Pyran-4-one, 2-hydroxy-3-methyl- 6.211 7.510 – – – –

2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4 7.161 2.558 – – – –

Propanoicacid, 1-methylethyl ester – – – – 7.413 610
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pathogen’s growth in the range of 12.59–22.22%. Al-
though the inhibition is lower, the main advantage of 
antibiosis, in the case of volatile compounds, is that the 
toxic substances released by the antagonists can diffuse 
through the pores present in the soil, inhibiting the de-
velopment of the pathogen without physical contact 
with it. 

During the growth of T. asperellum isolates in liquid 
culture medium, nutrients were used for their develop-
ment and released secondary metabolites, responsible 
for inhibiting the growth of pathogens observed in this 
research. In similar experiments, Mishra et al. (2011) 
observed that non-volatile compounds, obtained from 
culture filtrates of Trichoderma viride, inhibited the 
growth of Rhizoctonia solani, Colletotrichum capsici, 
Sclerotinia rolfsii and Macrophomina phaseolina. On 
the other hand, the culture filtrates obtained from dif-
ferent Trichoderma species added to the culture medi-
um of Botryodiplodia palmarum inhibited the mycelial 
growth of the pathogen. At the proportion of 10%, as 
used in this research, the inhibition ranged from 4.38 
to 41.10%, which was similar to the results obtained 
in the present study (Tapwai and Pandey 2016). In 
other works, this effect varied according to the fungal 
species, as in the work carried out by Adebesin et al. 
(2009). 

According to Table 7, although the isolates are of 
the same fungal species, they produced different me-
tabolites during the submerged fermentation process. 
The same species of Trichoderma can produce different 
compounds and, on the other hand, different species 
can originate the same compound. This difference in 
the production of compounds is directly related to the 
microorganism, the environment (pH and tempera-
ture) and the substrate on which the culture is carried 
out, and this also interferes with the percentage of in-
hibition found with the use of culture filtrates (Sanchez 
et al. 2019).

 According to Resende et al. (2003), hydroxyls are 
active oxygen species that cause a defense response in 
plants when recognizing a pathogenic attack, activat-
ing the plant’s immune signaling system. According 
Pohl et al. (2011) fatty acids have antimicrobial action 
on fungi, mainly on the cell membrane, increasing the 
fluidity of the membrane, resulting in generalized dis-
organization, which leads to conformational changes 
and extravasation of intracellular components.

Among the extracted compounds produced by 
T. asperellum isolates, some stand out for having 
known bioactive action. Among them are hexadecano-
ic acid and alpha-humulene, described as insecticides, 
while others have antimicrobial action, such as pyran 
derivatives, celidoniol, deoxy, pentadecanoic acid, 
2,3-dihydro-3,5-dihydroxy-6- methyl, propanoic acid, 
1-methylethyl ester and 9-octadecenoic acid (Ali et al. 
2017; Barretto and Vootla 2018; Chhouk et al. 2018). 

a bootstrap of up to 99. According to Samuels (2006), 
the elongation factor is efficient in identifying Tricho-
derma species, as it is a region with greater variation than 
the ITS (Internal Transcribed Spacer), better reflecting 
the differences between species and intraspecific. 

The colorations presented by the isolates used in 
the present study are similar to those described by Sin-
gh and Sharma (2020). These authors, when evaluating 
15 different isolates of Trichoderma, reported colors 
that varied from shades of white, light green to dark 
green, with rapid mycelial growth in PDA culture me-
dium. It is important to note that the morphological 
characteristics of the isolates of Trichoderma spp. are 
more linked to the nature of the microorganism than 
to the culture conditions (Milan et al. 2015) 

After identifying the isolates, the direct confron-
tation test was carried out. In this, microorganisms 
compete for nutrients and space, where the one that is 
faster in using the available resources, multiplies and 
quickly colonizes the cultivation medium, standing 
out over the others. This process is similar to what oc-
curs in the soil, when Trichoderma quickly colonizes 
the rhizosphere, preventing the pathogenic micro-
organism from attacking the plant.

For inhibition values   ranged from 27.41% (TR4 
× SM21) to 48.98% (TR4 × S6), where the largest re-
duction in mycelial growth was for L. theobromae (S6) 
Comparing to P. kimberleyense (SM21). This fact is ex-
plained by the mycelial growth of L. theobromae which 
was greater in the same period of time, and therefore  
parasitism  between it and T. asperellum isolates was 
occurring more markedly at the time of Theevaluation 
of the experiment, It is while for P. kimberleyense, the 
main mechanism that was acting was still antibiosis

The T. asperellum isolates showed no statistical dif-
ference between them with respect to in vitro control 
for the same phytopathogenic isolate, mainly due to 
the fact that these isolates are from the same species, 
and therefore present similar mycelial growth. When 
grown in liquid medium, T. asperellum isolates pro-
duced greater dry biomass in treatments with a greater 
amount of sucrose added to the medium. This is due to 
the fact that sucrose is a source of energy for fungal de-
velopment. The liquid medium also allowed T. asperel-
lum to produce chitinase, an important enzyme re-
leased by fungi of this genus. In this same experiment, 
the antagonist isolates inhibited the mycelial growth of 
the stem canker causing isolates subjected to the cul-
ture pairing test. However, there was no statistical dif-
ference between isolates of T. asperellum, only between 
L. theobromae (S6) and P. kimberleyense (SM21). 

Inhibition similar to the one mentioned above was 
described by Tapwai and Pandey (2016), with another 
fungus from the Botryosphaeriaceae family (Botryo-
diplodia palmarum), and the volatile compounds re-
leased by different Trichoderma species restricted the 
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Despite the identification of bioactive compounds 
in the samples, most of the metabolites (greater than 
40%) are composed of 2-furancarboxaldehyde, 5-(hy-
droxymethyl). This compound is a furan derived from 
the degradation of sugars, in the case of the present 
research of sucrose. This data is not shown in the ta-
ble, as it is a compound of the culture medium and not 
the metabolism of the fungus. Jöbstl et al. (2010) com-
mented that the metabolite is formed by reductions 
and degradations catalyzed by acids, which may have 
occurred during fungal growth or during the storage 
of samples. This demonstrates that during the cultiva-
tion of T. asperellum, not all the sucrose used in the 
medium was used in fungal development, which is 
a factor that explains the variability in the results of the 
inhibition of mycelial growth of pathogens.

Conclusions 

Trichoderma asperellum isolates decreased mycelial 
growth of L. theobromae and P. kimberleyense in the 
dual culture test, as well as by non-volatile metabo-
lites.  Of the growth conditions tested, the one that 
generated culture filtrates with the greatest fungicidal 
potential was eight: 20 g · l–1 of corn maceration wa-
ter (AMM), yeast extract 7.5 g · l–1, pH 5, agitation 
100 rpm, sucrose 50 g · l–1 and an inoculum concen-
tration of 105 spores · ml–1.  Trichoderma asperellum 
isolates, when cultivated in liquid medium, produced 
compounds with fungicidal potential. Understanding 
the biocontrol mechanisms with which T. asperellum 
isolates act on phytopathogenic agents leads to a more 
efficient application of these biological control agents. 
In view of this, the biocontrol mechanisms are com-
plex and their synergistic action resulted in the control 
of pathogens in vitro, which can be recommended for 
in vivo research.
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