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Abstract
The objective of this study was to evaluate the antagonistic activity of Trichoderma spp. 
against wild pathogen Fusarium oxysporum F.28.1A, which causes wilt disease on sesame. 
Twenty-six isolates of Trichoderma spp. isolated from soil samples were tested to control 
F. oxysporum F.28.1A. Prescreening showed that five isolates were T-02B1, T-18B2, T-20B1,
T-28B1, and T-29A1, based on the lowest values of colony radius of F. oxysporum F.28.1A.
The selected isolates were identified by their ITS region as T. yunnanense T-02B1, T. len­
tiforme T-18B2, T. asperellum T-20B1, T. hamatum T-28B1, and T. hamatum T-29A1,
with similarities around 96–100%. The isolates selected were able to produce enzymes in-
cluding chitinase, exo-β-1,3-glucanase, and endo-β-1,3-glucanase at levels of 0.34–0.44,
0.017–0.034, and 0.032–0.121 UI · ml–1, respectively, which were considered to be a mecha-
nism to prevent the growth of F. oxysporum F.28.1A. The isolates tested were applied in soil
pots to prevent damage from F. oxysporum F.28.1A as a following experiment. The green-
house experiment was arranged in a completely randomized design with 10 treatments,
including a negative control, application of only F. oxysporum F.28.1A, application of both
F. oxysporum F.28.1A and fungicide chemicals, application of both F. oxysporum F.28.1A
and Trichoderma spp. DHCT, application of T. yunnanense T-02B1, application of T. lenti­
forme T-18B2, application of T. asperellum T-20B1, application of T. hamatum T-28B1, ap-
plication of T. hamatum T-29A1 and a mixture of the five selected isolates of Trichoderma
spp. with their total population equal to that in individual strain application. The results
showed that the five mixed isolates of Trichoderma had a synergistic effect on the reduction
of the disease’s prevalence by 35% compared to the negative control treatment.
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Introduction

Sesame (Sesamum indicum L.) seeds are widely used 
in Asian countries because of their high oil content, 
attractive taste, and health benefits (Zenawi and Mi-
zan 2019). Globally, almost 7.4 million hectares of soil 
are devoted to cultivating sesame, generating roughly 
5.53 million tons (Rahman et al. 2020). Sesame is 
considered to be an important oilseed crop, ranking 
as the 3rd highest in oilseed production worldwide 

(Mahmoud and Abdalla 2018). It is mainly produced 
in Asia and Africa, and together these two continents 
account for 97% of worldwide production (Myint et al. 
2020). In Vietnam, sesame is grown under many differ-
ent ecological conditions as a result of its broad adapta-
bility, short growing period, high yield (820.1 kg · ha–1), 
and high quantity (23,586 tons) (FAOSTAT 2021). 
However, sesame grain yield has recently decreased 
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due to various diseases, which are some of the most 
important factors affecting sesame yield (Egonyu et al. 
2005; Ara et al. 2017). For instance, Fusarium oxyspo­
rum f. sp. sesami caused serious damage to sesame (Jyo-
thi et al. 2011), resulting in a more than 50% reduction 
in grain yield (Khamari et al. 2018). It is one of the most 
prevalent soil-borne fungal diseases infecting roots, 
stems, and foliar components (Belay 2018). Sesame 
plants affected by F. oxysporum f. sp. sesami are recog-
nized by wet rot at the neck, plant wilt, browning inter-
nal tissues, and sudden death (Dong-Hua et al. 2012). 
Unfortunately, the use of preventive pesticides can lead 
to an imbalance in the soil microflora (Egonyu et al. 
2005; Komarek et al. 2010) and has low effectiveness 
because F. oxysporum f. sp. sesami forms spores which 
are resistant to adverse conditions and persist in 
plant and soil residues for a long period (Nehra et al. 
2021). The management of arable land using biological 
methods such as antagonistic fungi instead of chemi-
cal methods could play an important role in maintain-
ing microbial diversity in the soil community. Several 
studies have reported successful methods of using bio-
logical agents to control diseases in plants (Vinale et al. 
2008; Parikh and Jha 2012). Trichoderma possesses 
a high ability to control Fusarium wilt disease, and its use 
has been shown for several crops, such as chili (Bhat et al. 
2016), tomato (Sallam et al. 2019) and sesame (Ahmed 
and Abdel-Gayed 2017; Mahmoud and Abdalla 2018). 
The antagonism mechanisms of Trichoderma spp. to-
ward pathogens of plant fungi have been found in para-
sitism, antibiotics, fungal-cell-wall-degrading enzy- 
mes (Monteiro et al. 2010; Ramada et al. 2016) and the 
ability to surround and curl the pathogenic mycelium 
and then secrete chemicals that degrade its cell walls 
(Ramada et al. 2016). According to Rai and Tewari 
(2016), Trichoderma has the potential to produce en-
zymes that can degrade the cell walls of parasitic fungi 
that cause plant diseases; and it has diverse filaments 
that result from different mechanisms. Trichoderma 
species have the ability to produce enzymes such as 
glucanase, chitinase, and protease, which are consid-
ered key factors for cell wall degradation (Silva et al. 
2019). Evaluation of chitinase activity of fungal strains 
is an important means of biological control against 
fungal diseases (Kotasthane et al. 2015). In vitro, 
the activity of T. viride was effective against F. oxyspo­
rum f. sp. ciceri (62.9%) and F. oxysporum f. sp. udum 
(59.4%). On the other hand, Trichoderma spp. partici-
pates in direct antagonistic activity and reduces the ef-
fects of fungal diseases on plants (Saba et al. 2012). Wild 
Trichoderma are under consideration for potential use 
in fungal control because of its high adaptability to the 
environment, whereas exotic Trichoderma is limited 
by a new ecosystem and a poorer ability to adapt to 
climate and resistance (Su et al. 2018). Moreover, Tri­
choderma species are able to produce enzymes, which 

are considered as potential tools to prevent pathogen 
damage. Thus, Trichoderma strains were isolated from 
sesame cultivating soil. In this context, the study pro-
posed detecting the species or mixed species of wild 
Trichoderma isolates to control F. oxysporum F.28.1A 

Materials and Methods

Sources of sesame variety and fungi

Sesame variety: The ADB1 black sesame variety is com-
monly planted in the Mekong Delta. It was collected 
and kept by the Crop Science Department, College of 
Agriculture, Can Tho University, Vietnam.

Fungal source: F. oxysporum F.28.1A (Accession 
number: MZ781489) has the strongest ability to cause 
wilt disease on sesame and was stored at an experimen-
tal and practical area, in An Giang University, Vietnam 
(Trang et al. 2021). 

The control fungi: Trichoderma spp. was used as 
a positive control. It was a powdered product which was 
sold in the market (Tricô-ĐHCT). Trichoderma-selec-
tive medium (TSM) was made of MgSO4 · 7H2O 0.2 g, 
KH2PO4 1.18 g, KC1 0.15 g, NH4NO3 1.0 g, glucose 
0.5 g, and agar 20 g in 1 l of distilled water (DW) and 
adjusted to pH 6.5–6.8.

Production of pathogen:  PDA medium consisted 
of potato 200 g, dextrose sugar 20 g and agar 20 g in 
1 l of DW and pH was adjusted to 6.5–6.8. This PDA 
medium was used to grow F. oxysporum F.28.1A.

From December 2019 to October 2020, the experi-
ments were carried out in the laboratory in An Giang 
University, Vietnam, while the greenhouse experi-
ment was carried out at the Agricultural Research and 
Experimental Farm, College of Agriculture, Can Tho 
University. In this greenhouse, all factors of climate, 
water and soil were uniform.

Isolation and selection of Trichoderma spp. 
possessing ability to antagonize the fungus 
Fusarium oxysporum F.28.1A causing wilt 
disease on sesame under in vitro conditions

Sample collection 
Twenty soil samples of healthy sesame root zones from 
20 fields were collected in Binh Phu, Binh My and Binh 
Long communes in Cai Dau town and Vinh Thanh 
Trung commune in Chau Phu district, An Giang 
province. The samples were collected following the 
cross-diagonal method, with five samples per field, and 
put in plastic bags, labeled for location, stored under 
cold conditions, and taken to the laboratory for fungal 
isolation.

Isolation and collection of fungal sources were car-
ried out by using the method of Kumar et al. (2018) in 



Nguyen Quoc Khuong et al.: Evaluation of the antagonistic potential of Trichoderma spp. … 15

specialized Trichoderma selective medium (TSM) me-
dium. The soil sample was mixed with sterile DW at 
a ratio of 1.0 g of soil to 99 ml of sterile DW, shaken for 
30 min and left to settle for 1 day at 28°C. After that, 
the soil sample was spread on TSM medium (Levy et al. 
2015) that had been sterilized at 121°C for 20 min. Af-
ter 5 days, the colonies were observed and compared 
with the morphological characteristics of Trichoderma 
spp. Then, the potential Trichoderma isolates were 
separated and purified in TSM medium for 5 days at 
35°C. The morphological characteristics of mycelium 
(dispersion color and mycelium) and spores were ob-
served under a 40× optical microscope to identify Tri­
choderma. After being determined as a pure isolate, the 
source was stored in a refrigerator at 4°C (in Eppen-
dorf tubes and Petri dishes containing PDA medium). 
Finally, the isolates were named according to the genus 
Trichoderma (T) and the ordinal number of the sam-
pling site. They were named A and B, with different 
morphologies based on the type of mycelium, growth 
process and colony color at 5 days of cultivation (Ku-
mar et al. 2018).

Investigation of the antagonistic ability of Tricho­
derma spp. in Petri dishes against the fungus F. oxy­
sporum F.28.1A causing wilt disease on sesame: The 
experiment was arranged in a completely randomized 
design with each treatment being a fungal strain with 
four replications. The radius of pathogenic fungal 
colonies was observed and recorded at 24, 48, 72, 84 
and 96 h. The fungal strains Trichoderma spp. and 
F. oxysporum F.28.1A were cultured in PDA medium for 
7 days in the same Petri dish (ф = 9.5 mm), with a 3-cm 
focal distance between the two colonies (ф = 5.0 mm). 
Fusarium oxysporum F.28.1A was inoculated within 
12 h. The Petri dishes were placed in an incubator 
(25°C) with a uniform light source. Antagonism effi-
cacy (AE) of Trichoderma spp. was monitored through 
the colony radius of F. oxysporum and the antagonistic 
efficiency was determined, as high resistance ≥ 60%, 
average resistance 40% ≤ AE ≤ 59%, weak resistance 
20% ≤ AE ≤ 39%, not antagonistic ≤ 19% at 24, 48, 
72, 84 and 96 h after culture according to the formula 
below (Kakraliya et al. 2017).

( )AE(%) 100,C T
C
−

= ×

where: C – the colony radius of the pathogenic fun-
gus F. oxysporum F.28.1A, which is considered as the 
control treatment, and T – the colony radius of the 
pathogenic fungal strain corresponding to the treat-
ment containing one of the strains of Trichoderma spp. 
The fungal strains of Trichoderma spp. having a good 
growth and antagonistic ability under selected labora-
tory conditions were chosen to evaluate chitinase pro-
duction.

Investigation of the ability to secrete 
chitinase, exo-β-1,3-glucanase, endo- 
-β-1,3-glucanase of Trichoderma spp. having 
effective antagonism against Fusarium sp.

Chitinase-secreting ability of Trichoderma spp. 
All 26 isolates of Trichoderma spp. from rhizospheric 
soil for sesame cultivation and the control were cul-
tured and analyzed for their chitinase secretion. The 
experiment was arranged in a completely randomized 
design, with four replications. Trichoderma isolates af-
ter 7 days of culture on PDA medium were used to pro-
liferate in 50 ml test tubes containing 10 ml of liquid 
TSM medium, supplemented with 0.5% chitin as pre-
cursor, with a density of 107 spores · ml–1, under room 
conditions, and shaken at 120 rpm for 5 days. Then, 
2 ml of the post-enrichment solution was aspirated 
and centrifuged at 5,000 rpm for 20 min; after that, the 
biomass was removed and the supernatant was to be 
used as the crude extracellular enzyme source of the 
fungal strains. The chitinase enzyme activity was in-
vestigated following the method used by Bruce et al. 
(1995). This method for determining chitinase enzyme 
activity is based on the amount of reducing sugars pro-
duced through the intermediate reaction with Nelson- 
-Somogyi reagent, the amount of reducing sugars re-
acting with a copper reagent when heated to brick red 
and when reacting with Aseno-moblybdate reagent 
turns blue, absorbs at 520 nm. The chitinase resolution 
was checked by spectrophotometric densitometry at 
a wavelength of 490 nm. The chitinase was measured 
by reacting 1 ml of enzyme with 1 ml of chitinase solu-
tion (1% chitin in acetate buffer pH = 6.0) at 40°C for 
60 min, and the amount of reduced sugars produced 
by the method of chitinase was recorded. For Nelson’s 
method of enzyme activity, a unit of enzyme activity 
(Ul · ml–1) is the amount of reducing sugar produced in 
1 min per 1 ml of enzyme at 40°C and pH = 6.0.

Method of endo-β-1,3-glucanase and exo- 
-β-1,3-glucanase detection of Trichoderma spp. 
After 7 days of culture on PDA medium, isolated 
strains of Trichoderma were subjected to growth in 
50 ml tubes containing 10 ml of liquid TSM medium 
added with 0.5% chitin precursor at room temperature 
and shaken at 120 rpm for 7 days. The fungal density 
was 106 spores · ml–1. Then, 2 ml of culture broth was 
centrifuged at 5,000 rpm for 20 min. Biomass was re-
moved and the obtained liquid was used as a source 
of extracellular enzyme of fungal strains. The method 
was described by Nelson (1944). The enzyme activity 
of endo-β-1,3-glucanase was measured by adding 1 ml 
of enzyme to react with 1 ml of carboxymethyl cellu-
lose (CMC, 1% in acetate buffer, pH = 5.0) at 40°C for 
60 min. Then, the reduced glucose content was deter-
mined.
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The enzyme activity of exo-β-1,3-glucanase was 
measured as follows 
One ml of enzyme reacted with 1 ml of cellulose pow-
der (1% cellulose powder in acetate buffer, pH = 5.0) at 
40°C for 60 min. The measurement was based on the 
amount of glucose reduced. The unit of enzyme activ-
ity was (UI · ml–1) which corresponded to the amount 
of glucose produced by 1 ml of enzyme for 1 min at 
40°C and pH = 5.0.

Investigation of the cellulase-secreting ability  
of Trichoderma spp. 
The fungal strains Trichoderma spp. were isolated after 
7 days of culture on PDA medium and proliferated in 
50 ml test tubes containing 10 ml of liquid TSM me-
dium, supplemented with precursor 0.5% carboxyme-
thyl cellulose (CMC) with a density of 106 spores · ml–1, 
placed at room temperature and shaken at 120 rpm for 
7 days. After that, 2 ml of the post-enrichment solu-
tion was withdrawn and centrifuged at 5,000 rpm for 
20 min, the biomass was removed, and the supernatant 
was used as a crude extracellular enzyme source of the 
fungal strains. Twenty µl of this extracellular enzyme 
solution was withdrawn and pumped into the agar well 
of the TSM medium supplemented with 0.5% CMC. 
The experiment was conducted in three wells (0.5 cm), 
corresponding to three replicates, for the fungal strains 
and one control well, which was pumped with sterile 
DW. They were incubated at 37°C for 5 days. After in-
cubation, Lugol staining was carried out. The Lugol 
solution was poured onto the agar surface, and after 
5 min, the iodine reacted with the cellulose, forming 
a black-green complex and a colorless halo ring ap-
peared around the agar well containing the enzyme so-
lution of the investigated fungal strains, indicating the 
cellulose-degrading capacity of these strains (Orpin 
1977).

Identification of the tested fungus  
Trichoderma spp. against F. oxysporum F.28.1A 
Strains Trichoderma spp. T-02B1, T-18B2, T-20B1, 
T-28B1 and T-29A1 were extracted their DNA from 
filamentous fungal colonies. Specifically, the fungal 
colony spores were shaken well in 2.2 ml Eppendorf 
after 7 days of PDA medium cultivation and incubat-
ed at room temperature for 10 min. They were then 
centrifuged at 13,000 rpm for 5 min, and the extract 
was transferred to fresh Eppendorf and the precipitate 
was washed with 500 µl of 70% ethanol, centrifuged at 
13,000 rpm for 5 min, and then vacuumed dried. The 
DNA was dissolved in 100 µl TE 0.1 X. Then, PCR reac-
tion was conducted with primer pair ITS 1: 5’-TCCG-
TAGGTGAACCTGCGG-3’; ITS 4: 5’-TCCTCCGCT-
TATTGATATGC-3’ (White et al. 1990). PCR reaction 
was performed with a total volume of 50 µl through 
reaction stages: Denaturation at 95°C for 5 min and 

(95°C for 90 s) × 30 cycles, annealing (52°C for 60 s) 
× 30 cycles, extension (72°C for 90 s and 72°C for 5 s) 
× 30 cycles and the reaction was stopped at room tem-
perature. PCR products were purified and sequenced 
using an automated sequencing system. The result was 
compared to the GenBank database on NCBI using the 
BLASTN tool.

Evaluation of the efficacy of Trichoderma 
spp. in prevention of wilt disease on sesame 
caused by Fusarium oxysporum under 
greenhouse conditions

Soil, fungi, chemical fungicide and seed preparation 
Alluvial soil cultivated with sesame in the field was col-
lected at a depth of 0–30 cm and dried. The organic 
residues were then removed from the soil, mixed well 
and crushed. This experimental soil was collected from 
the same area of soil for isolation. Finally, the homoge-
nous sample was autoclaved twice at 121°C for 30 min. 
After being sterilized, 3.0 kg per pot of soil was used. 
F. oxysporum F.28.1A was cultured on PDA medium 
over 7 days. Then the spores were collected and the 
density of the fungal spores was determined by calcu-
lating density through a spectrophotometer at a wave-
length of 550 nm, using the dilution method to adjust 
the spore density at 5 × 106 spores · g–1 soil. Tricho­
derma spp. was also added at the same concentration. 
Ridomil gold 68WG was prepared according to the 
manufacturer’s guide, 6.25 g · l–1. Sesame seeds were 
soaked in 50°C warm water for 15 min, then taken out, 
incubated, and sown in a plastic tray in rows. When 
the seedlings reached two true leaves, five healthy 
plants were cultivated in each pot.

Experimental design 

The pot experiment was arranged in a completely ran-
domized block design, with 10 treatments and four 
replications, and one plant per each pot, giving a to-
tal of four plants. The treatments included (i) no ad-
dition of Trichoderma spp. and Fusarium sp., (ii) ad-
dition of only F. oxysporum F.28.1A, (iii) addition of 
F. oxysporum F.28.1A and chemical fungicides (Ridomil 
gold 68WG), (iv) addition of F. oxysporum F.28.1A and 
commercial production, Trichoderma sp., (v) addition 
of F. oxysporum F.28.1A and T. yunnanense T-02B1, 
(vi) addition of F. oxysporum F.28.1A and T. lenti­
forme T-18B2, (vii) addition of F. oxysporum F.28.1A 
and T. asperellum T-20B1, (viii) addition of F. oxyspo­
rum F.28.1A and T. hamatum T-28B1, (ix) addition of 
F. oxysporum F.28.1A and T. hamatum T-29A1 and (x) 
addition of F. oxysporum F.28.1A and a mixture of five 
fungal isolates (T-02B1, T-18B2, T-20B1, T-28B1 and 
T-29A1).
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Experimental performance 

10 ml of F. oxysporum F.28.1A spores were mixed into 
the sterilized soil at a density of 5 × 106 CUF · g–1 soil. 
After treatment, the soil pot was placed in a net house 
and irrigated with tap water once a day with a sprayer. 
Then, the soil was inoculated with 10 ml of Trichode­
rma spp. equivalent to the treatment 15, 30 and 
45 days after planting (DAP). To the control treatment 
10 ml of sterile DW was added. In the Mekong Del-
ta, the recommended fertilizer formula for sesame is 
90N-60P2O5-30K2O. Phosphorus fertilizer was applied 
1 day before sowing. The first application was 33.3% 
of nitrogen fertilizer plus 50% of potassium fertilizer 
at 10 DAP; the second application was 33.3% of nitro-
gen fertilizer at 30 DAP; and the third application was 
33.3% of nitrogen fertilizer plus 50% of potassium fer-
tilizer at 45 DAP.

Data collection 

Classification of disease levels on sesame stems in-
cluded disease level 1 – healthy plant; disease level 2 
– plant wilt, which appears as discolored chlorophyll in 
the lower leaves; disease level  3 – necrosis on the lower 
leaves, as seen by yellowing leaves; and disease level 4 
– the plant wilts and dies. Rate of diseased leaves: 
Method of calculating disease rate (RDL) (Ziedan et al. 
2011) is: 

                  RDL (%) = A/B × 100, 
where: A – the number of infected sesame leaves, B – 
the total number of sesame plants in each treatment.

Statistical analysis

All data were analyzed by one-way analysis of 
variance (ANOVA) using SPSS software package 

version 13.0, and comparison for significant differences 
between treatments was done using Duncan’s test at 
p < 0.05.

Results

Isolation and selection of antagonistic 
Trichoderma spp. against Fusarium  
oxysporum F.28.1A causing wilt disease  
in sesame in vitro

Isolating Trichoderma spp. from soil samples 
There were 26 isolates of Trichoderma spp. obtained 
from 20 soil samples of alluvial soil such as that found 
in dikes. Colonies were initially white (white-bright 
red, white-bright purple, white-bright yellow, and 
purely white), then turned green 48 h after incuba-
tion. The mycelia were slightly spongy, spread fast, 
and formed a concentric circle on the surface of Petri 
dishes. The fungal isolates developed long, thick co-
nidiophores with branches. The peak of each branch 
had the shape of a short bottle. There were small quan-
tities of egg-shaped (oval) conidia. Spores formed into 
many chlamydospores, gathering into small round and 
oval clusters at 72 h of incubation on PDA medium 
(Fig. 1). Most of the isolates were able to form many 
chlamydospores after 3 to 4 days of incubation (Fig. 1S, 
in supplementary material). 

Growth rate of Trichoderma spp. on PDA medium 
The mean growth rate of Trichoderma spp. isolates var-
ied significantly at the 1% level after 24, 48 and 72 h 
of incubation. After 48 h of inoculation, isolates with 
broad colony diameters included T-29A1, T-25A2, 
T-25B2, T-18A1, T-18B1, T-02B1, T-29B1 and T-18B2. 
Among them, the isolates with the highest growth 

Fig. 1. Morphological characteristics of mycelium 72 h after incubation under a 40× optical microscope – A and chlamydospores forms 
of Trichoderma asperellum T-20B1 96 h after incubation under a Scanning Electron Microscopy – B

A                                                                               B
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rate were T-18B1 (24.00 mm · day–1) and T-28B1 
(26.00 mm · day–1) (Table 1). 

Ability of Trichoderma spp. to antagonize 
Fusarium oxysporum F.28.1A in vitro 

At 48 h after inoculation, the antagonistic efficacies of 
Trichoderma spp. isolates against F. oxysporum F.28.1A 
were insignificantly different. Nevertheless, at 72 h of 
inoculation, the efficacy values among isolates of Tri­
choderma spp. were statistically different at 5%, ranging 
from 42.3 to 65.5% (Table 2). In detail, an ability to re-
press the growth of F. oxysporum F.28.1A was found for 
T. yunnanense T-02B1, T. lentiforme T-18B2, T. asperel 

lum T-20B1, and T. hamatum T-28B1 on PDA me-
dium (Fig. 2S A–D, in supplementary material). At 
168 h after inoculation on PDA medium, the pathogenic 
hyphae completely died out, Trichoderma spp. spread all 
over the Petri dishes, and F. oxysporum F.28.1A hyphae 
were deformed and covered the whole dish (Fig. 2). 
Based on the antagonistic efficiencies, the propor-
tion of highly antagonistic isolates was 15.4%, includ-
ing T-18B2 with the highest efficacy (65.5%), T-28B1 
(62.7%), T-02B1 (61.9%), and T-20B1 (61.3%) after 
72 h of inoculation. The isolates with higher than 50% 
antagonism were T-02A1, T-07B1, T-14A1, T-20A1, 
T-27A1, T-27B1, T-27B2, T-28A1, and T-29A2. How-
ever, the mean value came to only 34.6% (Table 2).

Table 1. Growth rate of each isolate of Trichoderma spp. on PDA medium

Strains
Growth rate of Trichoderma spp. [mm]

24 h 48 h 72 h 96 h

T–02A1 23.3 bcd 46.7 abc 63.3 c–f 88.3

T–02B1 23.7 a–d 44.3 a–d 67.3 b–e 88.0

T–07A1 21.3 cde 40.0 bcd 67.3 b–e 90.0

T–07B1 17.67 ef 40.0 bcd 63.3 c–f 90.0

T–14A1 23.0 bcd 42.0 a–d 66.7 b–e 87.7

T–14B1 22.3 bcd 45.7 a–d 66.3 cde 90.0

T–16A2 23.0 bcd 44.3 a–d 60.0 ef 90.0

T–16B2 23.3 bcd 45.3 a–d 65.7 cde 90.0

T–18A1 25.0 a–d 46.0 a–d 68.3 b–e 90.0

T–18B1 24.0 a–d 48.0 ab 67.7 b–e 90.0

T–18B2 24.0 a–d 49.3 ab 71.3 abc 90.0

T–19A2 20.3 de 42.3 a–d 67.3 b–e 90.0

T–19B2 23.3 bcd 47.0 abc 67.0 b–e 90.0

T–20A1 23.0 bcd 46.7 abc 66.0 cde 89.0

T–20B1 23.3 bcd 47.7 abc 69.3 a–d 88.0

T–25A2 27.0 ab 50.3 a 71.3 abc 88.0

T–25B2 25.7 abc 49.0 ab 77.6 a 90.0

T–27A1 21.0 cde 43.7 a–d 60.3 ef 90.0

T–27B1 23.3 bcd 44.7 a–d 62.0 def 84.3

T–27A2 23.7 a–d 45.7 a–d 66.3 cde 90.0

T–27B2 24.3 a–d 36.0 d 70.6 a–d 90.0

T–28A1 14.7 f 37.6 cd 55.7 f 90.0

T–28B1 22.3 bcd 48.3 ab 71.0 abc 90.0

T–29A1 28.3 a 48.3 ab 75.3 ab 90.0

T–29B1 25.3 a–d 48.7 ab 69.6 a–d 90.0

T–29A2 23.0 bcd 43.0 a–d 72.0 abc 90.0

Significant difference     *     *     *   ns

CV (%) 14.4 12.3 8.84 4.78

Values are means of four replications. Different lowercase letters in the same column indicate significant differences at p < 0.05 (*); and ns is no significant 
difference at p > 0.05
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Fig. 2. Trichoderma asperellum T-20B1 wreathed and killed Fusarium oxysporum F.28.1A under observation by 40× optical 
microscope – A and Scanning Electron Microscopy at the end point of arrow – B

A                                                                                         B

Table 2. Antagonistic efficacy of isolates Trichoderma spp. against Fusarium oxysporum F.28.1A causing wilt disease on sesame in vitro

Strains

Antagonistic efficacy  
[%]

Inhibition diameter of fungus F. oxysporum F.28.1A 
[cm]

48 h 72 h 48 h 72 h

Control – – 1.73 fg ± 0.06 4.73 a ± 0.20

T-02A1 5.7 58.5 bc 1.96 ef ± 0.06 1.97 gh  ± 0.11

T-02B1 5.8 61.9 ab 1.80 fg ± 0.10 1.80 hi ± 0.17

T-07A1 17.3 45.8 fg 2.57 ab ± 0.03 2.56 bc ± 0.05

T-07B1 9.6 50.0 cde 2.37 bcd ± 0.08 2.37 cde ± 0.15

T-14A1 7.7 57.7 bc 2.00 ef ± 0.05 2.00 gh ± 0.10

T-14B1 17.3 47.9 efg 2.47 ab ± 0.12 2.46 bcd ± 0.20

T-16A2 15.4 47.9 efg 2.46 ab ± 0.15 2.46 bcd ± 0.25

T-16B2 11.5 47.9 efg 2.46 ab ± 0.09 2.47 bcd ± 0.15

T-18A1 15.4 47.9 efg 2.46 ab ± 0.03 2.47 bcd ± 0.05

T-18B1 11.5 46.5 fg 2.53 ab ± 0.03 2.53 bc ± 0.05

T-18B2 13.5 65.5 a 1.63 g ± 0.12 1.63 i ± 0.20

T-19A2 11.5 48.6 efg 2.43 abc ± 0.03 2.43 bcd ± 0.05

T-19B2 13.5 47.9 efg 2.47 ab ± 0.03 2.47 bcd ± 0.06

T-20A1 5.7 59.2 bc 1.93 ef ± 0.08 1.93 gh ± 0.15

T-20B1 9.6 61.3 ab 1.83 fg ± 0.09 1.93 gh ± 0.15

T-25A2 15.4 42.3 f 2.73 a ± 0.18 2.73 b ± 0.32

T-25B2 13.5 46.5 fg 2.53 ab ± 0.08 2.53 bc ± 0.15

T-27A1 9.6 59.9 abc 1.90 efg ± 0.06 1.90 ghi ± 0.10

T-27B1 11.5 57.7 bc 2.00 ef ± 0.06 2.00 gh ± 0.10

T-27A2 9.6 46.5 fg 2.53 ab ± 0.03 2.53 bc ± 0.06

T-27B2 9.6 50.0 cde 2.36 bcd ± 0.13 2.37 cde ± 0.23

T-28A1 9.6 54.9 cd 2.13 de ± 0.18 2.13  fg ± 0.30

T-28B1 9.6 62.7 ab 1.76 fg ± 0.03 1.76 hi ± 0.06 

T-29A1 9.6 46.5 fg 2.53 ab ± 0.03 2.53 bc ± 0.06

T-29B1 9.6 49.3 cde 2.4 bcd ± 0.06 2.40 cde ± 0.10

T-29A2 13.5 54.2 cde 2.17 cde ± 0.03 2.17 efg ± 0.06

Significant difference ns      *                        *                         *

CV (%) 51.8 13.8        15.3         12.5

Values are means of four replications. Different lowercase letters in the same column indicate significant differences at p < 0.05 (*); and ns is no 
significant difference at p > 0.05
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Ability of Trichoderma spp. isolates to secrete 
enzymes chitinase, endo-β-1,3-glucanase, 
exo-β-1,3-glucanase and cellulose in vitro

Ability to produce chitinase 
The chitinase production of Trichoderma spp. isolates 
was statistically different at the 1% level. Isolates of 
Trichoderma spp. with chitinase amounts lower than 
0.3 UI · ml–1 consisted of T-14A1, T-25A2, T-27A1, 
and T-28A1, making up 15.4% of the total. Mean-
while, isolates with high chitinase content accounted 
for 84.6%. Among them, five isolates of Trichoderma 
spp. had the highest chitinase enzyme production and 
were ranked in the following order: T-29A1 > T-28B1 
~ T-18B2 ~ T-20B1 ~ T27A2, with a correspond-
ing chitinase concentration of 0.44 > 0.39 ~ 0.38 ~ 
0.36 ~ 0.34 UI · ml–1, respectively. Most importantly, 

strain T-29A1 produced the highest quantity of chiti-
nase (Table 3).

Ability to produce endo-β-1,3-glucanase 
Isolates of Trichoderma spp. with the ability to secrete 
a large amount of endo-β-1,3-glucanase included 
T-18B1, T-07A1, T-14B1, and T-18B2, whose enzyme 
content was 0.163, 0.135, 0.132, and 0.121 UI · ml–1, 
respectively, and the differences were insignificant. 
However, low endo-β-1,3-glucanase production was 
found in isolates T-20B1 (0.032 UI · ml–1), T-25B2 
(0.038 UI · ml–1), and T-29A1 (0.046 UI · ml–1) (Table 3).

Ability to produce exo-β-1,3-glucanase 
The quantity of exo-β-1,3-glucanase enzyme in isolate 
T-07B1 (0.060 UI · ml–1) was the highest among all iso-
lates. Five selected isolates (T-02B1, T-18B2, T-20B1, 

Table 3. Ability of isolates Trichoderma spp. to produce chitinase, endo-β-1,3-glucanase, exo-β-1,3-glucanase and cellulose in vitro

Strains
Chitinase  
[UI · ml–1]

Endo-β-1,3-glucanase  
[UI · ml–1]

Exo-β-1,3 glucanase  
[UI · ml–1]

Cellulase
[cm]

T-02A1 0.31 efg 0.088 b–f 0.024 de 1.13 ikl

T-02B1 0.34 cde 0.068 d–g 0.026 cde 2.03 bcd

T-07A1 0.31 efg 0.135 ab 0.025 cde 1.07 kl

T-07B1 0.32 d–g 0.039 efg 0.060 a 1.17 h–l

T-14A1 0.29 gh 0.068 d–g 0.027 b–e 1.60 e–k

T-14B1 0.31 efg 0.132 ab 0.016 de 1.23 e–l

T-16A2 0.33 c–f 0.077 c–g 0.020 de 2.20 bcd

T-16B2 0.31 efg 0.056 d–g 0.022 de 1.70 d–i

T-18A1 0.31 efg 0.064 d–g 0.036 bcd 1.83 bcd

T-18B1 0.32 d–g 0.163 a 0.030 b–e 1.23 e–l

T-18B2 0.38 b 0.121 abc 0.030 b–e 1.67 d–i

T-19A2 0.33 c–f 0.071 c–g 0.022 de 1.80 c–g

T-19B2 0.31 efg 0.067 d–g   0.027 b–e 0.90 k

T-20A1 0.34 cde 0.079 c–g 0.024 de 1.37 f–l

T-20B1 0.36 bc 0.032 g 0.008 e 1.60 e–k

T-25A2 0.271 hi 0.060 d–g 0.030 b–e 1.73 c–h

T-25B2 0.31 efg 0.038 fg 0.050 ab 3.23 a

T-27A1 0.25 i 0.0911 be 0.031 bcd 1.00 l

T-27B1 0.32 d–g 0.063 d–g 0.023 de 1.57 e–k

T-27A2 0.35 bcd 0.063 d–g 0.023 de 1.33 f–l

T-27B2 0.32 efg 0.081 c–g 0.027 b–e 1.33 f–l

T-28A1 0.29 fgh 0.069 d–g 0.019 de 1.67 d–i

T-28B1 0.39 b 0.106 bcd 0.034 bcd 1.17 h–l

T-29A1 0.44 a 0.046 efg 0.017 de 1.73 c–h

T-29B1 0.33 c–f 0.062 d–g 0.047 abc 2.63 b

T-29A2 0.31 efg 0.082 c–g 0.026 cde 2.27 bc

Significant difference * * * *

CV (%) 12.2 48.9 51.4 35.4

Values are means of four replications. Different lowercase letters in the same column indicate significant differences at p < 0.05 (*)
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T-28B1, and T-29A1) possessed an exo-β-1,3-glu
canase  content of 0.008–0.034 UI · ml–1 (Table 3).

Ability to produce cellulase 
Isolate T-25B2, with a halo diameter of 3.23 cm, secret-
ed the largest amount of cellulose. The following ones 
had the largest amounts: T-02B1, T-16A2, T-18A1, 
T-29B1, and T-29A2, whose halo diameter values 
were 2.03, 2.20, 1.83, 2.63, and 2.27 cm, respectively 
(Table 3). The halo diameter of selected isolates was il-
lustrated in Fig. 3S (in supplementary material). 

Identification of Trichoderma spp. 
The neighbor-joining phylogenetic tree was recon-
structed based on ITS gene sequences of the selected 
strains, including the closely related strains from the 
GenBank database with a similarity of 96–100%. Spe-
cifically, the percentage of similarity of T. yunnanense 
T-02B1 and T. hamatum T-29A1 was 96%; and that of 
T. hamatum T-28B1, T. lentiforme T-18B2, and T. as­
perellum T-20B1 was 100%, with accession numbers 
MZ812829, MZ812833, MZ812832, MZ812830, and 
MZ812831, respectively. Aspergillus flavus strain 14-1 
(AF033802.1) was considered as the outgroup strain 
(Fig. 3). 

Efficacy of Trichoderma spp. 
supplementation in preventing sesame 
wilt disease caused by Fusarium oxysporum 
F.28.1A under greenhouse conditions

Influence of the selected Trichoderma spp. supplement 
on wilt disease levels induced by Fusarium oxysporum 
F.28.1A on sesame 
Symptoms of the wilt disease did not appear until the 
7th day after infection. However, on day 11, disease 
levels varied significantly at 5% between the treat-
ments. The negative control treatment infected with 
F. oxysporum F.28.1A showed the highest level of wilt 
disease (1.1), with symptomatic withered leaves. Treat-
ments inoculated with T. asperellum T-02B1, T. lenti­
forme T-18B2, or T. hamatum T-28B1 individually had 
lower disease levels (0.2). Nevertheless, during this pe-
riod, disease symptoms were absent from plants treat-
ed with T. hamatum T-29A1. On day 14 after infection, 
differences in disease levels were insignificant between 
treatments, and the levels fluctuated from 1.0 to 1.5. 
Between days 21 and 28 after infection, there were re-
markable differences at the 5% level in disease among 
treatments, with 50% of the leaves being yellow for 
the sesame plants. On day 35 after infection, in plants 
treated with T-02B1 and the positive control treatment, 

Fig. 3. Neighbor-joining phylogenetic trees based on ITS sequences of five selected strains Trichoderma spp. compared to the closely 
related strains in the GenBank database. The percentage levels of bootstrap analysis of 1,000 replicates are indicated at each node. Bar, 
0.2 substitutions per nucleotide position. Aspergillus flavus strain 14–1 was used as the outgroup strain. Access numbers of GenBank 
sequences are implied in brackets
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Trichoderma sp. had significantly lower disease levels, 
ranging from 2.7 to 2.8, than the negative one, which 
received inoculation only from F. oxysporum F.28.1A 
(3.7) (Table 4). Levels of the wilt disease are also illus-
trated in Fig. 4S (in supplementary material).

Influence of the selected Trichoderma spp.  
supplement on the rate of wilt disease  
caused by Fusarium oxysporum on sesame 
On day 11 after infection, sesame plants in every treat-
ment had wilting symptoms from the stem to the peak, 

and the rates ranged from 5 to 20%. However, on the 
14th and 35th days after infection, disease rates dif-
fered significantly at the 5% level in treatments. On 
day 35, the disease rate for treatment with a mixture 
of Trichoderma spp. (65%) was statistically the same as 
the positive control treatment using commercial fungi 
Trichoderma sp. (60%). Both had noticeably lower dis-
ease rates than the negative control treatment infected 
only by F. oxysporum F.28.1A (100%) and were equiva-
lent to that of the chemical fungicide method (80%) 
(Table 5).

Table 4. Effects of the selected Trichoderma spp. supplementation on wilt disease levels induced by Fusarium oxysporum F.28.1A on 
sesame under greenhouse conditions

Treatment
Days after F. oxysporum F.28.1A infection

11 14 21 28 35

No Trichoderma spp. + No F.  oxysporum F.28.1A 0.6 abc 1.3 1.8 ab 2.6 a–d 3.6 ab

Negative control, F. oxysporum F.28.1A 1.1 a 1.5 2.3 a 2.7 abc 3.7 ab

Chemical fungicide 0.9 ab 1.2 1.7 ab 2.1 cde 3.2 abc

Positive control, Trichoderma sp. DHCT 0.9 ab 1.0 1.3 b 2.0 de 2.8 c

T. yunnanense T-02B1 0.2 c 1.5 1.7 ab 1.9 e 2.7 c

T. lentiforme T-18B2 0.2 c 1.2 1.7 ab 2.0 cd 3.2 abc

T. asperellum T-20B1 1.1 a 1.2 1.4 b 2.4 a–d 3.1 bc

T. hamatum T-28B1 0.1 c 1.0 1.7 ab 3.0 a 3.8 a

T. hamatum T-29A1 0.0 c 1.0 1.7 ab 2.8 ab 3.5 ab

A mixture of 5 strains 0.5 bc 1.0 1.6 b 3.1 a 3.4 ab

Significant difference * ns * * *

CV (%) 11.5 32.1 24.7 23.2 14.7

Values are means of four replications. Different lowercase letters in the same column indicate significant differences at p < 0.05 (*); and ns is no significant 
difference at p > 0.05

Table 5. Effects of the selected Trichoderma spp. supplementation on the rate of wilt disease caused by Fusarium oxysporum F.28.1A 
on sesame under greenhouse conditions

Treatment
Days after F. oxysporum F.28.1A infection

11 14 21 28 35

No Trichoderma spp. + No F. oxysporum F.28.1A 10 15 bc 30 ab 70 a 95 a

Negative control, F. oxysporum F.28.1A 15 30 abc 40 ab 70 a 100 a

Chemical fungicide 20 25 abc 25 ab 65 ab 80 abc

Positive control, Trichoderma sp. DHCT 15 20 abc 30 ab 35 ab 60 c

T. yunnanense T-02B1 25 40 ab 55 a 75 a 95 a

T. lentiforme T-18B2 25 45 a 60 a 70 a 90 ab

T. asperellum T-20B1 20 25 abc 35 ab 70 a 90 ab

T. hamatum T-28B1 5 5 c 40 ab 60 ab 85 abc

T. hamatum T-29A1 5 5 c 10 b 60 ab 85 abc

A mixture of 5 strains 10 10 c 10 b 25 b 65 b

Significant difference ns     *     *    *    *

CV (%)             91.6 49.2 47.2 22.9 10.1

Values are means of four replications. Different lowercase letters in the same column indicate significant differences at p < 0.05 (*); and ns is no significant 
difference at p > 0.05.
Chemical fungicide was used Ridomil gold 68WG
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Discussion

Twenty-six isolates of Trichoderma spp. were derived 
from 20 samples of rhizospheric soil from cultivated 
sesame in four communes (Binh Phu, Binh My, Binh 
Long, and Vinh Thanh Trung) and Cai Dau town, 
Chau Phu district, An Giang Province. Out of all the 
isolates, the highest antagonistic fungi came from Binh 
My (15.4%), Binh Phu (57.7%), and Cai Dau town 
(26.9%). The average growth rate of the isolates was 
21.95 mm · day–1, and the rate peaked at 48–72 h after 
inoculation (22.24 mm · day–1). The isolates with the 
highest growth rate were T-27B2 (34.67 mm · day–1), 
T-25B2 (28.67 mm · day–1), T-29A2 (29.00 mm · day–1), 
and T-29A1 (27.00 mm · day–1) (Table 2). These re-
sults were in accordance with T. harzianum’s growth 
rate on PDA medium (22.86 mm · day–1) (Kim et al. 
2019). Similarly, according to Matrood et al. (2020), 
T. harzianum has a mean diameter of 42.5–56.5 mm at 
25–30°C, 72 h after inoculation. After 96 h of inocula-
tion, mycelia from the isolates covered the surface of 
the Petri dishes and differed insignificantly from each 
other, with a growth rate of 20.44 mm · day–1. The myc-
elia grew and over-covered the dishes’ surfaces after 
4 to 5 days of inoculation, and the hyphae turned bright 
or dark green in color. The morphological features de-
scribed in this study were identical for Trichoderma 
spp. In the same way, hyphae of Trichoderma spp. had 
soft fibers, lean growth, and a green color in vitro (Sun-
daramoorthy and Balabaskar 2013; Kotasthane et al. 
2015). 

All 26 isolates of Trichoderma spp. were able to 
antagonize F. oxysporum F.28.1A (Table 3; Fig. 4S – in 
supplementary material). According to Puyam et al. 
(2013), after 7 days of inoculation, the isolates have an 
antagonistic rate of 100%. Hyphae of Fusarium spp. 
began dying after 8 to 10 days of observation (Fig. 2). 
Trichoderma spp. are capable of breaking lipid mem-
branes and participating in antagonistic activity against 
pathogenic fungi (Saba et al. 2015). 

Antagonistic efficacy and chitinase producing ca-
pacity in the selected isolates ranged from medium 
to high. This result was consistent with Akrami et al. 
(2011), who found that the antagonistic efficacy of 
T. asperellum and T. harzianum against F. oxyspo­
rum causing wilt disease on lentils was 68–71%. The 
antagonistic mechanism may be due to the fact that 
chitinase is able to cut oligomer-chitin into mono-
mer chitin, resulting in Trichoderma spp. controlling 
pathogenic fungi (Silva et al. 2019). In this study, the 
fast growth rate of Trichoderma spp. hyphae elimi-
nated pathogenic hyphae on day 4 after inoculation. 
Thus, the selected isolates had the potential to control 
F. oxysporum F.28.1A causing wilt disease on sesame. 
Furthermore, Trichoderma destroys the cell walls of 

pathogenic fungi via the combination of chitinase, 
endo-β-1,3-glucanase, and exo-β-1,3-glucanase and 
increases regressive efficiency by degrading cell walls 
and deforming pathogenic hyphae and cells (Kaur 
et al. 2021). As reported by Edison et al. (2018), Tri­
choderma secretes enzymes in two forms: endo- 
-β-1,3-glucanase and exo-β-1,3-glucanase, which cut 
glucose-containing segments from the unreduced 
ends of polymers and oligomers, leading to the for-
mation of glucose that breaks cells. In this study, exo- 
-β-1,3-glucanase (UI · ml–1) content secreted from the 
isolates ranged from 0.016 to 0.060 UI · ml–1. Among 
the isolates, T-02B1 had an exo-β-1,3-glucanase content 
of 0.026 UI · ml–1, T-18B2 had 0.030 UI · ml–1, T-20B1 
had 0.008 UI · ml–1, T-28B1 had 0.034 UI · ml–1, and 
T-29A1 had 0.017 UI · ml–1. Additionally, the isolates 
with a moderately high amount of exo-β-1,3-glucanase 
were T-07B1 (0.060 UI · ml–1), T-25B2 (0.050 UI · ml–1) 
and T-29B1 (0.047 UI · ml–1). The exo-β-1,3-glucanase 
production is proportional to the amount of glucan ap-
pearing in degradation reactions (Kumar et al. 2018). 
Furthermore, cellulose production was revealed by 
the mean halo diameter, which ranged from 1.83 to 
3.23 cm (Table 3). The more cellulase produced, the 
better cellulose degradation the Trichoderma spp. iso-
late had (Li et al. 2019).

The identification results of five isolates at 96–100% 
similarity included T. yunnanense T-02B1, T. lentiforme 
T-18B2, T. asperellum T-20B1, T. hamatum T-28B1, 
and T. hamatum T-29A1 (Fig. 3). Previous studies 
have shown that T. hamatum is popularly applied in 
treating diseases on sesame. In detail, in vitro, T. hama­
tum has an antagonistic activity against F. oxysporum 
f. sp. sesame causing wilt disease on sesame at a rate of 
76.6% (Selima 2018). According to El-Fiki et al. (2004). 
T. hamatum is used to prevent and cure sesame char-
coal rot disease caused by Mycorrhizae phaseolina at 
the rate of 80% in Egypt. Moreover, T. hamatumis is 
applied to treat charcoal rot disease caused by M. pha­
seolina and wilt disease caused by F. oxysporum on 
sesame under greenhouse conditions (Mahdy et al. 
2007). 

In the present study, despite the application of five 
Trichoderma spp. isolates for treating F. oxysporum 
F.28.1A in sesame, the plants caught the disease on the 
23rd day after infection. Therefore, treatments includ-
ing Trichoderma spp. isolates had good antagonistic 
activity against pathogen performance 7–21 days af-
ter infection. Strains T-18B2 and T-02B1 dominantly 
expressed disease antagonism, compared with other 
isolates. 

Trichoderma asperellum is applied to treat Alter­
naria leaf spot disease on sesame, reducing disease 
rate 15 days after inoculation (Meena and Ezhilarasi 
2019). Furthermore, T. asperellum reaches an antago-
nistic efficacy of 78.6% against F. oxysporum causing wilt 
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disease on cucumber (Mei et al. 2019). T. asperellum 
is successfully applied to reduce Fusarium spp. disease 
rate, at a level above 85%, by increasing the activities of 
phenol, peroxidase, and polyphenoloxidase to protect 
and stimulate tomato growth (Patel et al. 2017). It is 
interesting that in this study, T. lentiforme was found in 
alluvial soil from dikes for sesame-rice rotation, which 
was novel in research about pathogens in sesame in 
Vietnam. However, the antagonism of T. lentiforme 
against F. oxysporum f. sp. niveum causing wilt disease 
in watermelon is about 67.0% (Nuangmek et al. 2021).

According to Cruz-Quiroz et al. (2018), T. yun­
nanense produces exo-glucanase (1.7 Ul · g-1), endo-
glucanase (32.8 Ul · g-1), and chitinase (18.3 Ul · g-1) 
and can control P. capsici and C. gloeosprioides in vitro. 
Nevertheless, Yu et al. (2007) claims that the genus of 
T. yunnanense still belongs to T. hamatum. As reported 
by Oljira et al. (2020), isolation and identification of 
T. yunnanense Th4 on rice-cultivating soil improves 
indole-3-acetic acid production, which enhanced the 
growth and tolerance of rice on acidic soil. However, 
an isolation of T. yunnanense for antagonism against 
wilt disease on sesame has not been found. This was 
the first report to reveal that T. yunnanense can control 
F. oxysporum causing wilt disease in sesame. Moreover, 
Trichoderma producing cell-wall-degrading enzymes 
(chitnase, protease, and β-glucanases) contributed to 
antagonist activity against  F. graminearum (Li et al. 
2016). Thus, biological control agents exhibit potential 
against pathogens and remarkably enhance photosyn-
thesis, plant growth, and nutrient use efficiency to sig-
nificantly improve crop yields (Asad 2022).

On the other hand, the disease levels in the mixed 
Trichoderma treatment and treatments with neither 
T-28.1B nor T-29A1 increased dramatically (3.1 ~ 3.0 ~ 
2.8, respectively) 28 days after infection. This was equal 
to the level in the negative control treatment (2.7) (Ta-
ble 4). This indicated that the antagonistic mechanism 
was better in the early stages. On the 35th day after 
infection, plants with an extremely high disease level 
were inoculated with T-28.1B, T-29A1, and a mixture 
of the five selected isolates; the values were 3.8 ~ 3.5 
~ 3.4, respectively, and were equivalent to the nega-
tive treatment with only F. oxysporum F.28.A1 (3.7). 
However, during the development of the disease inside 
the stem, the progress from the advent of the disease 
to leaf loss and death happened rapidly 7–10 days after 
disease incubation.

Under greenhouse conditions, 20–25 days after 
infection, the pathogen attacked bark cells, invaded 
xylem tissue, deformed parenchymal cells of plant 
bark, browned stems, and withered leaves. According 
to Ahmed et al. (2017), Trichoderma spp. can trigger 
a rhizosphere defense mechanism via direct inter-
action between hyphae and epidermal root cells to 

protect cultivars. Furthermore, internal observation of 
infected cells showed that pathogenic hyphae blocked 
the vascular system that carried water and nutrients to 
over-ground parts of plants, leading to plants wither-
ing quickly (Ara et al. 2017). Based on the number of 
dead plants 21–28 days after infection, supplementa-
tion with Trichoderma spp. was able to ease the toxic-
ity of the pathogenic fungus. Similarly, application of 
T. Harzianum and T. viride reduces the damage to ses-
ame by 74–77% under greenhouse conditions (Mah-
moud and Abdalla 2018). 

Conclusions

 
Five potential strains of Trichoderma spp. with an-
tagonism against F. oxysporum F.28.1A, including 
T. yunnanense T-02B1, T. lentiforme T-18B2, T. asperel­
lum T-20B1, T. hamatum T-28B1, and T. hamatum 
T-29A1, were highly efficient at antagonizing F.28.1A, 
with rates of 61.3–65.5% on sesame. The production 
of chitinase in the selected isolates ranged from 0.34 
to 0.44 UI · ml–1. Additionally, exo-β-1,3-glucanase 
content was about 0.017–0.034 UI · ml–1 and endo-β- 
-1,3-glucanase was quantified at 0.032–0.121 UI · ml–1. 
The selected isolates were capable of secreting enzymes 
that degraded cell walls, which is considered an effec-
tive mechanism to control pathogens in vitro. The ap-
plication of either T. hamatum T-28B1 and T-29A1 or 
the mixture of the five selected isolates of Trichoderma 
spp. (T-02B1, T-18B2, T-20B1, T28B1 and T-29A1) 
was effective in reducing prevalence and disease levels 
under unsterilized soil conditions. The efficacy of the 
five selected Trichoderma spp. isolates in controlling 
F. oxysporum F.28.1A should be evaluated in sesame-
cultivating fields.
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Fig. 2S. Ability of Trichoderma spp.: A – T. yunnanense T-02B1, B – T. lentiforme T-18B2, C – T. asperellum T-20B1, D – T. hamatum T-28B1 
to inhibit Fusarium oxysporum F.28.1A in vitro

Fig. 1S. Morphological characteristics of mycelium of Trichoderma spp.: A – T. yunnanense T-02B1, B – T. lentiforme T-18B2, C – T. as­
perellum T-20B1, D – T. hamatum T-28B1 72 h after incubation under a 40× optical microscope
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Fig. 3S. Ability of Trichoderma spp.: T. yunnanense T-02B1 – A, T. lentiforme T-18B2 – B, T. asperellum T-20B1 – C, T. hamatum T-28B1 – D 
to produce cellulose in vitro

Fig. 4S. Levels of the wilt disease on sesame: level 1 – A, level 2 – B, level 3 – C, level 4 – D




