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Fusarium oxysporum f. sp. asparagi is one of the main problems associated with the roots of asparagus plants and inflicting 
serious losses worldwide. A novel and eco-friendly strategy to reduce pathogen resistance and management of the Fusarium 
crown and root rot is using chitosan and Trichoderma harzianum as a sustainable treatment approach to improve both disease 
resistance and yields, while also effectively managing the asparagus product. In this study, the effect of chitosan and Trich-
oderma harzianum on growth promotion and control of Fusarium crown and root rot in asparagus plants was investigated. 
Diseased plants from the main production areas of Iran were surveyed. The in vitro antifungal properties of chitosan solutions 
(concentrations of 5, 10, 15 and 20 mg/mL) and T. harzianum strain were evaluated by the dual culture method. T. harzianum 
and chitosan solution (20 mg/mL) gave the largest inhibition zone against F. oxysporum and were selected for further studies 
in the greenhouse. Chitosan (20 mg/mL) and T. harzianum were applied as seed treatments and they significantly reduced 
disease incidence by 92% and 73% respectively, compared to the control.

Asparagus (Asparagus officinalis L.) is one of 
the most important vegetable and medicine prod-
ucts worldwide, belongs to the lily family grown as 
a perennial crop (De la Lastra et al. 2021). In re-
cent decades, the crop has the greatest increase due 
to the demand of consumers for healthy foods with 
high nutritional value such as dietary fibre and high 
content of natural antioxidants (Lee et al. 2014). 
Soil-borne pathogens can have considerable detri-
mental effects on asparagus growth and production. 
Fusarium oxysporum f. sp. asparagi is one of the 
most important and economic diseases (Brizuela et 

al. 2020) which can cause Fusarium crown and root 
rot of asparagus in Iran and most producing areas 
and was first described more than a century ago by 
Cohen and Heald (1941).

Efforts to manage the Fusarium crown and root 
rot are challenging and difficult because of aspar-
agus wide and deep-spread root system (Brizuela 
et al. 2020), the persistence of the Fusarium sp. in 
plant debris and soil over many years and its sys-
temic propagation of asparagus plants (Elmer 2015). 
The chemical fungicidal application is inefficient 
and affects human health, wildlife, and the environ-
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ment negatively. Currently, to avoid the use of fun-
gicides, alternative methods are emerging to control 
plant pathogens (Kappel et al. 2022).

Biological control has emerged as one of the 
most sustainable control strategies in the world that 
is highly recommended and encouraged (Lahlali et 
al. 2022). The potential of biological control agents 
to suppress the disease caused by the Fusarium 
crown and root rot of asparagus has been evaluated, 
but so far, the success of these efforts has been mod-
erate (Farahani-Kofoet et al. 2020). The stimulation 
of root health by colonizing roots with arbuscular 
mycorrhizae (Haque & Matsubara 2018), endophyt-
ic fungi (Surono & Narisawa 2018) and rhizospheric 
fungi (Ruangsanka 2014) has been used for achiev-
ing tolerance to Fusarium attack.

The fungus Trichoderma harzianum is known to 
be a promising tool in biological control, which is 
commonly existing in soil, root, and foliar ecosys-
tem and can be effective against many soil-borne 
pathogenic fungi such as Fusarium strains (Xu et 
al. 2022). T. harzianum can confer biocontrol either 
directly by interacting with pathogens via mycopar-
asitism, competition for nutrients, colonization of 
root surfaces, and penetrating the epidermal cells to 
enhance root growth indirectly and induce the host 
resistance (Hermosa et al. 2012). Accordingly, T. 
harzianum has become one of the most extensively 
used beneficial fungi for the biocontrol of soil-borne 
fungal diseases and agricultural crop improvement 
(Pedrero-Méndez et al. 2021; Mukherjee et al. 
2022).

Chitosan is also known worldwide for its po-
tential as a strong antimicrobial agent and plant 
resistance enhancer considered against a variety of 
plant pathogens (Orzali et al. 2017) that can control 
pathogenic microorganisms by preventing growth, 
sporulation, spore viability, germination and cell 
disrupting and triggering the defence responses in 
the host plant by inducing and or inhibiting differ-
ent biochemical activities during the plant pathogen 
interaction, but their widespread use in agriculture 
is still pending (Hassan & Chang 2017). To control 
plant pathogens, chitosan has been applied to seeds 
or roots and is utilized in the form of seed soak-
ing, spraying, soil remediation, and foliar spraying, 
thereby promoting pathogen resistance and increas-
ing growth simultaneously (Badawy & Rabea 2011).

The objective of this work was to evaluate the 
ability of biological control agents, including chi-
tosan and T. harzianum, to control the disease 
caused by F. oxysporum f. sp. asparagi under both 
in vitro and greenhouse conditions. Furthermore, it 
was determined that these biocontrol agents could 
increase the growth of asparagus plants.

MATERIAL AND METHODS

Isolation of the fungal pathogen
Fusarium sp. was isolated from root samples of 

symptomatic asparagus plants collected from the 
fields in Iran. The infected roots were washed un-
der tap water, chopped into 2 cm small pieces, and 
surface sterilized in 0.5% NaOCl for two minutes 
then rinsed twice with triple distilled water, placed 
on WA (water agar) and kept in an incubator at 25°C 
dark conditions. After five days of incubation, small 
colonies of fungus appeared and were transferred to 
the PDA (potato dextrose agar- PDA: Merck, Ger-
many) media under the dark condition to isolate 
the fungus pathogen. All the procedure was carried 
out in a laminar hood under sterile condition (Cor-
pas-Hervias et al. 2006). 

Morphological characterization 
For morphological identification, single spore 

isolates were grown for 10 ‒ 15 days on PDA me-
dia. A total of twenty isolates of Fusarium spp. were 
identified based on colony morphology, character-
istics of macro and microconidia, conidiophores 
and chlamydospores measurements by following 
the standard mycological manual of Leslie and 
Summerell (2006).The fungal isolates were stained 
using lactophenol cotton blue (Hardy Diagnostics, 
California, USA). The microscopic slides of each 
isolate were observed under a light fluorescence mi-
croscope (Olympus Bx51, Tokyo, Japan). 

Molecular identification and phylogenetic analyses
The DNA of all twenty Fusarium isolates was 

extracted using the method given by Zhong and 
Steffenson (2001). The molecular identification of 
Fusarium isolates was carried out based on con-
serving  ribosomal internal transcribed spacer (ITS) 
region. The universal primers of ITS1 (5́-TCCG-
TAGGTGAACCTGCGG-3́́) and ITS4 (5́-TCCTC-
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CGCTTATTGATATGC-3́) were used for ampli-
fication of the ITS1-5.8S-ITS2 region of rDNA 
(ITS-rDNA) (Singha et al. 2016) for the identifica-
tion of Fusarium oxysporum. PCR reactions were 
carried out in a 25µl reaction volume containing 2.5 
µl of PCR buffer (10 mM Tris-HCl, 2.5 mM MgCl2 
and 50 mM KCl, pH 8.8), 2 mM each dNTP, and 
1 μM of each primer ITS-1 and ITS-4, 8 µl of Taq 
DNA Polymerase, 4 ng genomic DNA and 6.5 µl 
deionized water. DNA amplification was performed 
on an Eppendorf Thermal Cycler consisting of an 
initial denaturation temperature of 95°C for 2 min, 
followed by 35 cycles of template denaturation for 
the 30s at 95°C, primer annealing for 1 min at 56°C 
and chain elongation for 2 min at 72°C, with a final 
extension of 8 min at 72°C. Amplification condi-
tions were similar to those described by Mishra et 
al. (2003). The amplified PCR products were veri-
fied using 1.5% agarose gel electrophoresis at 65 V 
for 150 min and directly sequenced in one direction 
by Bioneer Company (Seoul, South Korea). The ITS 
nucleotide sequence was compared with sequences 
available in the public domain databases NCBI (Na-
tional Center for Biotechnology Information; www.
ncbi.nih.gov) using the basic local alignment search 
tool (BLAST). The DNA sequence result was de-
posited in GenBank, and the accession number is 
provided. The original sequence was edited using 
MEGA version 7.0 software and aligned using the 
Clustal W version 1.8 program. The Phylogenetic 
tree was created using the neighbor-joining (NJ) 
method with bootstrap values calculated from 1,000 
replicate runs (Tamura et al. 2013) and Aspergillus 
oryzae was used as an outgroup in the analysis.

Preparation and stored of Trichoderma harzianum 
strain. 

The strain of T. harzianum (5233 PTCC No.) 
was obtained from the Persian Type Culture Collec-
tion (PTCC), Tehran, Iran. The strain was cultured 
in PDA and was stored at 25ºC in an incubator with 
a 12 h/12 h light cycle.

Preparation of chitosan
A commercial preparation of chitosan (degree 

of N-deacetylation 75%; Sigma-Aldrich, USA) of 
crustacean origin was purchased from Sigma-Al-
drich. The solution was adjusted to pH 5.6 by dis-
persing it in 0.25% acetic acid solution (Merck, Ger-

many) and for the complete dissolution of its parti-
cles kept overnight under a magnetic stirring. Then 
concentrations of 5, 10, 15, and 20 mg/mL chitosan 
solution were prepared from this stock and the best 
concentration was used (Qing et al. 2015).

Antifungal activity of Chitosan in vitro
Fusarium oxysporum f. sp. asparagi was grown 

on PDA and prepared suspension 106 CFU/mL con-
centration (an optical density of OD600=1.00) by 
using a spectrophotometer, 1 mL of this suspension 
was added to 15 mL of PDA (45°C) and poured 
into a Petri dishes. The disk diffusion method was 
done. The filter paper disks (5 mm diameter) were 
autoclaved and impregnated with different chitosan 
concentrations (5, 10, 15, and 20 mg/mL), then al-
lowed to dry and eventually, placed on PDA plates. 
Negative controls were done with sterile distilled 
water in the same way. All the plates were incubated 
for a week at 25ºC. The extent of growth inhibition 
zones around each of the disks were quantified (Ber-
kow et al. 2020).

Antifungal activity of Trichoderma harzianum in 
vitro

To evaluate the antifungal activity of T. harzia-
num strain against F. oxysporum f. sp. asparagi, 
dual culture technique, was performed. The 5-day-
old culture mycelial plugs (5 mm in diameter) were 
taken from the edge of an actively growing colony 
of antagonistic strain and fungal pathogen. Then 
inoculated on two opposite sides of 90 mm PDA 
plates with a distance of 75 mm, while only myce-
lial plugs of pathogen isolate inoculated PDA plates 
were used as controls. To record the distance of the 
mycelial inhibition zone, all plates were incubated 
at 25°C for 7 days in the darkness (Xu et al. 2022). 
The percentage mycelial inhibition (PMI) rate was 
calculated as follows: 

(PMI)% = (Rc – Ri) / Rc × 100 

where Rc refers to the mycelial growth of fungal 
pathogens in control plates (mm) and Ri refers to the 
mycelial growth of fungal pathogens in dual culture 
plates [mm] (Chang et al. 2020). 

Fungicide chemical activity of propiconazole in 
vitro

Propiconazole (1,000 ppm) as a commercial 



78

Agriculture (Poľnohospodárstvo), 68, 2022 (2): 75 − 86

chemical fungicide was considered against F. oxys-
porum. A fungicide was added to PDA Petri dish, 
then centrally inoculated with a 5 mm plug of F. ox-
ysporum and incubated for a week at 25ºC. The inhi-
bition effects were assessed by measuring the diam-
eters of the inhibition zones (Mondani et al. 2021).

Greenhouse experiment
Greenhouse experiments were performed to 

evaluate the control efficacy of chitosan (20 mg/mL 

showed the highest percentage of fungal growth 
inhibition), T. harzianum strain and propiconazole 
(1,000 ppm) against F. oxysporum. For this purpose, 
asparagus seeds were sterilized by immersion with 
10% sodium hypochlorite for 10 min, then rinsed 
three times with sterile water and dried on a sterile 
paper towel at 28°C in the dark. Seeds were immersed 
separately in 1 mL chitosan solution (20 mg/mL), 
1 mL of fresh suspension of T. harzianum on 106 
CFU/mL and 1 mL propiconazole (1,000 ppm) re-
spectively and incubated at room temperature for 1 
h (Reid et al. 2002). Treated seeds were germinated 
on WA (water agar 3.8%) plates for 2 weeks at 25°C 
in the dark. Once seedlings reached an appropriate 
size (1 ‒ 1.5 cm), they were inoculated by immersion 
of the roots in a suspension of 106 CFU/mL of F. 
oxysporum for 4 h. Control plants were root-dipped 
in distilled water. Then clean, uniform seedlings 
were transferred to plastic pots (15 × 15 cm) filled 
with 500 gr sterilized sandy loam soil. Plants were 
watered twice weekly. These experiments were car-
ried out three times for each biological agent with 
three replications. Plants were grown for 8 weeks 
in a completely randomized design and evaluated 
weekly for disease severity based on a 1 ‒ 5 scale, 
where 1 = 1 ‒ 20%, 2 = 21 ‒ 40%, 3 = 41 ‒ 60%, 4 = 
61 ‒ 80% and 5 = 81 ‒ 100% of Fusarium crown and 
root rot. Finally, the roots were removed from the 
pots and rinsed with tap water (Brizuela et al. 2020), 
then the disease incidence and biocontrol efficacy 
were assessed by the following formula:

Crown and root rot incidence [%] = {(scale ×num-
ber of plants infected)/(highest scale × total number 
of plants)} ×100

Biocontrol efficacy [%] = {(Disease incidence of 
control ‒ Disease incidence of antagonist) / Disease 
incidence of control} × 100

Asparagus growth promotion
The effectiveness of the treatments was evalu-

ated by counting the number of dead plants weekly 
and measuring the shoot and root length, fresh and 
dry weight. The shoots of all the asparagus plants 
were placed in an oven and dried at the 70°C for 24 
h. Dry shoots were weighted, and the growth rate 
was calculated using the formula subcriteria:

GPE [%] = {(Plant parameter of treated plants ‒ 
Plant parameter of control) / Plant parameter of con-
trol} ×100 (Alelign 2021).

Statistical analysis
All in vitro experiments with four repetitions and 

the greenhouse experiments with three repetitions 
were statistically evaluated using SAS 9.1 software. 
Most data obtained were subjected to Duncan’s mul-
tiple range test, when one-way ANOVA revealed 
significant differences (P < 0.05). 

RESULTS

Morphological characterization 
In this experiment, twenty Fusarium oxysporum 

subspecies were derived from the roots of infected 
asparagus plants. The morphological characteristics 
of this serious and common disease are as follows: 
Fusarium oxysporum f. sp. asparagi Schltdl., Fl. 
berol. (Berlin) 2: 139 (1824), (also see Species Fu-
sarium asparagi Briard 1890); Nectriaceae.

Colonies on PDA reached 75 mm in diameter 
after 10 days at 25°C under dark conditions and be-
came white cottony with pigmentations from pale 
violet to peach-violet. Aerial hyphae were white 
to white-violet. Spores were oval to ellipsoid and 
kidney-shaped. The conidiophores were branched 
monophialides, short and wide. Sporodochiums 
were orange to brown and relatively common. Mac-
roconidia were straight and relatively slender to de-
velop singly, formed in false heads on short mono-
phialides, with 3 septate macroconidia and 35 ‒ 48 
(41.5) × 3 ‒ 6.5 (4.75) μm and 4 ‒ 12 (8) × 4 ‒ 7 (5.5) 
μm. Chlamydospores with a smooth or rough wall 
appearance formed singly or in pairs (Figure 1). The 
morphological features of the investigated isolate 
were similar to the description provided by Leslie 
and Summerell (2006).
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Figure 1. Morphological characteristics of Fusarium oxysporum. a: Fusarium crown and root rot of asparagus, b: white 
cottony colony and pigmentation, c: microconidia and macroconidia and d: chlamydospores.

Figure 2. Amplification of conserved ribosomal ITS regions of Fusarium oxysporum f. sp. asparagi using the primers ITS-1 
and ITS-4. 

Molecular identification
Molecular identification of F. oxysporum isolate 

was done by amplifying the internal transcribed 
spacer (ITS) region of the conserved ribosomal 
DNA using primers ITS1 and ITS4. The total size of 
the ITS1-5.8S-ITS2 region of rDNA isolates studied 
varied from 380 to 620 bp (Figure 2). 

The sequence obtained from the amplification 
of conserved ribosomal ITS region was compared 
with sequences from National Center for Biotech-
nology Information (NCBI) database using BLAST. 
This sequence was identified and deposited in NCBI 
GenBank and the accession number which was pro-
vided is ON350777. ITS sequence of Fusarium ox-
ysporum f. sp. asparagi isolates KSH86 was aligned 
with the consensus region using the Clustal W pro-
gram. The Phylogenetic tree based on the neigh-
bor-joining method with 1,000 bootstrap replicates 
were performed and Aspergillus oryzae was used as 
an outgroup in the analysis (Figure 3). 

Antifungal effect of chitosan in vitro
Based on our observation, all concentrations of 

chitosan (5, 10, 15, and 20 mg/mL) had an antifun-
gal effect against F. oxysporum in the filter paper 
disk method (Figure 4). Data has shown there was 
a significant difference among the concentration of 
chitosan in the percentage reduction of inhibition 
zones [cm] about 19.65 mm (P ≤ 0.05) (Table 1). 
Concentrations of 20 mg/mL had the greatest effect 
compared to the other ones and showed 77.46% my-
celial growth inhibition. An increase in the inhibi-
tion zone was also clearly observed with increasing 
chitosan concentration. Therefore, it was chosen for 
the greenhouse experiment.

Antifungal effect of Trichoderma harzianum in vitro
Dual culturing results showed that T. harzianum 

strain limited the growth of F. oxysporum and had 
a significant inhibition zone of about 32.92 mm 
against the growth of this pathogen as shown in 
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Figure 3. Phylogenetic tree based on ITS rDNA gene sequences of the Fusarium oxysporum isolated from asparagus along 
with the sequences from NCBI. The analysis was conducted with MEGA (version 7.0) using the neighbor-joining method 
with 1,000 bootstrap replications. Aspergillus oryzae (KY655350) was used as an outgroup in the analysis.

Figure 5. Antifungal activity of T. harzianum against growth of F. oxysporum. a: T. harzianum, b: F. oxysporum and c: 
inhibitory zone of T. harzianum against F. oxysporum.

Figure 5. Furthermore, T. harzianum suppressed the 
mycelial growth of F. oxysporum at a relative per-
centage of 62.24%, which was significantly higher 
(P ≤ 0.05) than the control (Table 1), so that was also 
selected for the greenhouse experiment.

Fungicide chemical activity of propiconazole in vitro
The fungal pathogen isolates included in the 

study, behaved differently on the fungicide applied. 
Propiconazole had the weakest impact on F. oxyspo-
rum (Figure 6), around 15% while both biocontrol 

Figure 4. Antagonistic activity of chitosan against growth of F. oxysporum. a: concentration of 5 mg/ml, b: concentration of 
10 mg/mL, c: concentration of 15 mg/mL and d: concentration of 20 mg/mL.
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Figure 6. Fungicide impact against growth of pathogen. a: F. oxysporum on a Petri dishes with propiconazole and b: Control.

T  a  b  l  e   1

Inhibitory effect of chitosan, propiconazole and T. harzianum against F. oxysporum in vitro

Treatments Mean diameter of mycelial growth of 
pathogen [mm]

Percentage of mycelial growth inhibition 
[%]

F. oxysporum + Chitosan 5 mg/mL 66.12c 24.17e

F. oxysporum + Chitosan 10 mg/mL 58.72d 32.66d

F. oxysporum + Chitosan 15 mg/mL 40.18e 53.92c

F. oxysporum + Chitosan 20 mg/mL 19.65g 77.46a

F. oxysporum + T. harzianum 32.92f 62.24b

F. oxysporum + Propiconazole 73.45b 15.76f

F. oxysporum + Distilled water (control) 87.20a 0.00g

Different letters in the same column indicated that the values were significantly different (P < 0.05) according to Duncan’s 
multiple range test.

agents were more effective on F. oxysporum. The in-
teraction between propiconazole and the tested fun-
gal pathogen was significant and higher (P ≤ 0.05) 
than in the control (Table 1).

Biocontrol of Fusarium crown and root rot in green-
house

The influence of chitosan (20 mg/mL) and T. 
harzianum significantly reduced Fusarium crown 
and root rot intensity, compared with control plants. 
The results recorded the the highest percentage re-
duction of disease incidence and efficacy, respec-
tively. Both these biological control agents applied 
as a seed treatment significantly reduced Fusarium 

crown and root rot, 92.19% and 72.99% respective-
ly. Furthermore, propiconazole showed growth inhi-
bition of 45.60% and had less effect when compared 
to other biological control agents. In this study, the 
chitosan applied was the best treatment for reducing 
the severity of asparagus crown and root rot (Table 
2).

Asparagus growth promotion
In this study, both chitosan (20 mg/mL) and T. 

harzianum strain stimulated the growth of inoculat-
ed asparagus plant and increased growth promotion. 
Chitosan (20 mg/mL) and T. harzianum strain in the 
presence and absence of F. oxysporum significantly 
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T  a  b  l  e   3

Effect of chitosan and T. harzianum on plant growth promotion of asparagus, under greenhouse conditions

Treatments                              
Shoot
height 
[cm]

Root
length 
[cm]

Shoot
fresh weight 

[g]

Root 
fresh weight 

[g]

Shoot
 dry 

weight [g]

Root 
dry

weight [g]

Chitosan (20 mg/mL) + F. oxysporum 23.45b 7.50b 8.33c 12.44c 1.05b 1.33c

T. harzianum + F. oxysporum   19.33c 4.10bc 5.25d 9.25d 0.20c 0.85d 

Chitosan (20 mg/mL)     32.65a 16.95a 18.25a 22.85a 2.50a 3.40a

T. harzianum 30.66a 15.00a 12.10b 16.75b 1.50b 2.25b

Distilled water (control) 9.53d 2.50c 1.30e 2.10e 0.09c 0.20d

Values followed by the same letter are not statistically significantly different (P ≤ 0.05) according to Duncan’s multiple range test.

Figure 7. Effect of chitosan and T. harzianum on asparagus 
growth promotion, a: chitosan, b: T. harzianum, c: control.

T  a  b  l  e   2

Effect of chitosan and T. harzianum on Fusarium crown and root rot in asparagus plant in the greenhouse

Treatments incidence [%] Crown and root rot incidence 
[%]

Biocontrol efficacy 
[%]

F. oxysporum + Chitosan (20 mg/mL)   6.50c 92.19a

F. oxysporum + T. harzianum 22.50b 72.99b

F. oxysporum + Propiconazole 45.33 45.60

F. oxysporum + Distilled water (control) 83.33a   0.00c

Values followed by the same letter are not statistically significantly different (P ≤ 0.05) according to Duncan’s multiple range test.

increased shoot and root length and their fresh and 
dry weight, compared with control plants. Although, 
the most significant increase was observed in infected 
plants which were treated with chitosan (20 mg/mL) 
(Table 3 and Figure 7).

Chitosan (20 mg/mL) and T. harzianum strain 
also increased the growth of asparagus plants which 
were non-infected by F. oxysporum in comparison 
with the control, 32.65 cm and 30.66 cm respec-
tively. Although, chitosan (20 mg/mL) had the most 
stimulatory effect on asparagus plants’ growth. How-
ever, there were no significant differences between 
the effect of chitosan (20 mg/mL) and T. harzianum 
strain on the shoot and root length, of non-infected 
plants with F. oxysporum. But, both fresh and dry 
shoot and root weights of inoculated plants with T. 
harzianum strain without any isolate of F. oxyspo-
rum were significantly differences in comparison 
with the control.
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DISCUSSION

Soil-borne fungal pathogens cause irreparable 
economic losses to agriculture worldwide. Now-
adays, alternative control methods without using 
fungicides, mainly on chemical-synthetic origin, 
that can be harmful to human health and the envi-
ronment are considered (Du et al. 2022). Numer-
ous studies have been published about the ability 
of eco-friendly agents to control soil-borne fungal 
pathogens in different crops (Carlucci et al. 2022; 
Gao et al. 2022; Viejobueno et al. 2021), however 
there are few studies based on biological agents to 
control Fusarium crown and root rot in asparagus 
plant, as far as we know (Elmer 2015; Farahani-Ko-
foet et al. 2020).

In this study, we have evaluated two of these 
promising alternatives, named the natural product 
chitosan (5, 10, 15 and 20 mg/mL) and T. harzianum
strain, because of their demonstrated biological 
control activity against different crop diseases test-
ed earlier (Zohara et al. 2019; Stasinska-Jakubas & 
Hawrylak-Nowak 2022; Tyskiewicz et al. 2022). 
This is the first report on the potential use of chi-
tosan and T. harzianum to control Fusarium crown 
and root rot and asparagus plant growth promotion, 
which is consistent with the result of Kappel et al. 
(2022), who reported that chitosan had strong in 
vitro antifungal activities against F. oxysporum on 
sugar beet plants.

In vitro tests, through dual culture and filter pa-
per disk experiments, clearly demonstrate that the 
F. oxysporum showed inhibition by T. harzianum 
and all concentrations of chitosan (5, 10, 15 and 20 
mg/mL). The comparison of the different chitosan 
concentrations enabled us to select the most effec-
tive biocontrol agent against F. oxysporum. The 
concentration of 5 mg/mL of chitosan showed the 
least efficacy, but the concentration of 20 mg/mL 
turned out to be the most promising agent with high 
fungicidal effects on F. oxysporum and inhibition of 
nearly 80% was observed. This is in line with other 
published findings on fungal pathogens (Stamford 
et al. 2010; Onaran et al. 2021) and other Fusarium 
spp. (Li et al. 2009; Deshaies et al. 2022; Filyushin 
et al. 2022).

Greenhouse studies with asparagus seedlings in 
the pots using chitosan (20 mg/mL) and T. harzia-

num indicated that both increased shoot height, root 
length, root and shoot weights and decreased root 
disease compared with the infested control when 
F. oxysporum f. sp. asparagi was used. In other 
research, chitosan solution at different concentra-
tions showed effective antifungal activity against 
the strain Candida albicans compared to the con-
trol (Shih et al. 2019). Also, in the current study, 
chitosan reduced the Fusarium crown and root rot 
in asparagus with a seed treatment. Reducing dis-
ease with chitosan has been demonstrated in previ-
ous studies, for example, the ability of chitosan has 
been shown to inhibit the development of leaf spot 
disease caused by Lasiodiplodia theobromae in Ki-
wifruit trees (Wang et al. 2022). Other studies have 
shown that chitosan reduces wilt incidence, mainly 
caused by Harpophora maydis in maize cultivations 
(Hassan et al. 2022). Also, chitosan solution had 
shown the potential for control of early blight and 
stem rot of Solanum tuberosum (Kumar et al. 2022). 
Chitosan can alter cell permeability by forming an 
impermeable layer and preventing nutrients from 
entering the cell. As a result, the growth of the hy-
phae may stop due to inadequate nutrient intake (Ke 
et al. 2022).

Furthermore, in this research, T. harzianum had 
an inhibitory effect against F. oxysporum and re-
duced Fusarium crown and root rot in the aspara-
gus plant compared to the control conditions, which 
is in agreement with the result of Hewedy et al. 
(2019) that showed T. harzianum reduced F. oxys-
porum infection of pepper. Similarly, AL-surhanee 
(2022) found that the application of T. harzianum 
reduced disease caused by F. oxysporum in tomato 
plants. Also, our findings were consistent with the 
results of Bochicchio et al. (2022), who found T. 
harzianum increased the shoot, root and dry weight 
of wheat plants. Trichoderma species in biocontrol 
programs are mainly used as seed coatings. After 
some research, similar to our data with T. harzia-
num coating, it has been shown that the germination 
of plant species improves their vital index and de-
fence mechanism (Vitti et al. 2015; Harman et al. 
2021). Some species of Trichoderma could pene-
trate the epidermis and cause long-term colonization 
at the root surfaces, which in turn leads to changes 
in metabolism and plant expression characteristics 
(Subramaniam et al. 2022). Our data suggest that T. 
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harzianum is a candidate to replace common fungi-
cides by promoting seedling germination, growth, 
and plant health, as well as inducing multiple sys-
temic resistance.

Our trials with both active ingredients had a pos-
itive effect on the development, growth promotion, 
and induction of systemic resistance in asparagus. 
It is thus conceivable that using chitosan and Trich-
oderma spp., may be used as a powerful tool to ac-
tivate crop control that can reduce pathogen resis-
tance but stimulate plant defence responses. Com-
bined or intermittent applications of these biological 
control agents would be a new and fascinating tool, 
but there are still many studies to be done in this 
field.

CONCLUSIONS

The current work clearly showed the biocontrol 
efficiency of chitosan (20 mg/mL) and T. harzianum 
against Fusarium crown and root rot in asparagus 
plants caused by F. oxysporum, reduced patho-
gen growth and increased plant growth. Overall, 
eco-friendly agents, such as those studied in this 
research, have demonstrated multifaceted beneficial 
effects related to increasing plant growth and health. 
However, more studies on the precise mode of ac-
tion and the mechanism of these biocontrol agents 
may well help in the timely and appropriate use of 
these agents, which could improve the growth and 
health of plants. The potential increased use of these 
beneficial agents may further help in reducing prob-
lems associated with the use of synthetic chemicals 
in agriculture. 
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