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Abstract. The goal of this study was to identify fungicides with a broad-spectrum
effectiveness and their capacity to inhibit fungal contaminants in banana tissue cultures.
Numerous fungi were isolated from tissues of banana cultures of the Grand 9 variety.
Aspergillus flavus, Aspergillus niger, Cladosporium oxysporum, Penicillium digitatum, P.
expansum, and Penicillium sp. were among the contaminated fungi isolated. These fungi were
inhibited successfully using the fungicides Beltanol, Agrisave, and Zoxis. Hoever, Beltanol
was outperformed compared with Agrisave and Zoxis fungicides, with an inhibition rate of
100% for concentrations of 0.25, 0.5, and 1 ml/l. Thus, the addition of Beltanol fungicide to the
banana culture medium had a positive influence on the fresh and dry weight of the tissues, with
the average fresh weight increasing to 2.93 g compared with 2.4 g in the control treatment.
Also, the dry weight was increased from to 0.21 g while it was 0.17 g in the control treatment.
Additionally, the results demonstrated the enzymatic effectiveness (cellulase enzyme) of
isolated fungi without treatment, that showed high effectiveness in P. digitatum fungus with an
activity rate reached 2.33 mm. In contrast, C. oxysporum and P. expansum fungi displayed
moderate efficiency with activity rates that reached 1.5 and 1.41 mm respectively. On the other
hand, 4. flavus and A. niger fungi exhibited low efficacy with activity rates of 1.25 and 1.12
mm respectively. Furthermore, the results revealed that P. expansum fungus had a high
enzymatic effectiveness index with a rate of 1.85 mm, while C. oxysporum, P. digitatum, and
A. flavus fungi had moderate enzymatic effectiveness with rates of 1.46, 1.34, and 1.26,
respectively. A. niger fungus had the lowest enzymatic effectiveness with a rate of 1.23. The
enzymatic secretion of the isolated fungi was inhibited efficiently via addition of the fungicide
Beltanol to these fungi.

Keywords. Banana, enzymes, fungicides, microbial contamination.

1. Introduction

The banana plant is a monocot plant that is split into the genera Ensete and Musa and is a member of
the Musaceae family [1]. Banana has a high nutritional value and is highly desired by consumers due
to its sweetness and distinct flavour, in addition to its economic importance to many countries [2]. The
fruit is high in fibre, carbohydrates, vitamins, and minerals, particularly potassium, which is required
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for basic cell functions [3]. Plant tissue culture, also known as micropropagation, has been used to
create a variety of banana cultivars. This method entails obtaining pest-free sterilized plant parts,
providing suitable temperature, light, and humidity conditions, and preparing an ideal growth
environment that can be controlled [4,5]. The growth media used in plant tissue culture are also a good
source of nutrients for microorganism growth. These microorganisms compete for nutrients with tissue
farmers, and some produce toxins that cause crop death, tissue necrosis, and reduced reproduction and
rooting [6,7]. Although biological contamination can occur from a variety of sources in tissue culture
labs, fungal and bacterial contamination are the most serious problems encountered in
micropropagation [8]. The risk of biological contamination stems from the negative competition
between these microorganisms and plant growth, as the culture medium is a good source of food for
these microorganisms, which can result in plant death or limited growth and rooting [9,10]. Because of
the damage it causes and the speed with which it spreads, fungal contamination is the most dangerous
because it can arise from excised parts, air, or during the propagation process [11]. Many fungicides
have been used to control plant pathogenic agents, including dithiocarbamates and strobilurins [12].
Additionally, Azoxystrobin, Clothianidin, Beltanol. L Spinosyn, and Thiodicarb have also been used
to control fungal diseases [13, 14]. Furthermore, fungicides such as Carbendazim and Score have been
used to prevent contamination in tissue culture agriculture laboratories in Iraq, with good results and
no side effects on plant tissue growth and development [15]. However, contamination problems,
particularly fungal contamination, have recently increased due to a lack of appropriate pesticides to
eliminate them. This is due to a number of factors, the most important of which are fungal resistance
to chemical pesticides and the spread of fungal pesticides with numerous trade names that are
incapable of controlling all of the fungi that cause contamination [16-18]. The use of pesticides to
prevent contamination in tissue farms should be based on a prior study to choose the best pesticides in
terms of their impact without affecting the plants. In general, this practice will lead to minimize usage
of the fungicides [19, 20]. The current study has been performed to determine the most common
fungal contaminants of Banana tissue cultures and the efficiency of some fungicides in their control.

2. Materials and Methods

2.1. Isolation and Diagnosis of Fungal Contaminants in Banana Tissue Cultures

Samples of tissue culture banana plants (Grand 9 variety) grown in culture media inside jars and
contaminated with fungi were collected. The contaminated colonies were isolated on Potato Dextrose
Agar (PDA) in sterilized petri dishes with three replicates for each fungus. The plates were incubated
at 25°C in darkness, and after five days, a hypha tip of each growing colony was taken using a sterile
needle. The morphological and microscopic characteristics were identified under a compound
microscope (Biolab line-China) at a magnification of X40, according to the taxonomic keys mentioned
in [21,22]. The isolates were stored on PDA culture media at 4°C until further experiments were
conducted.

2.2. The Efficiency of some Fungicides in Inhibition of Fungal Growth

Prepared Potato Dextrose Agar (PDA) medium and sterilized in an autoclave steam sterilizer. After
sterilization, the medium was left to cool down to pre-solidification temperature, which is
approximately 45-50 °C. Then, the medium was distributed into sterilized glass flasks with a volume
of 250 mL and a rate of 200 mL per flask. Concentrations of 0.25, 0.5, and 1 mL/L of Agrisave
fungicide and concentrations of 0.25, 0.5, and 1 mL/L of Zoxis fungicide were added separately to the
flasks containing the PDA medium. Concentrations of 0.25, 0.5, and 1 mL/L of Beltanol fungicide
were added to the PDA medium before sterilization in the autoclave. The media containing the
fungicides and the control medium without fungicides were poured into sterilized Petri dishes with a
diameter of 9 cm for fungal isolation of Aspergillus flavus, Aspergillus niger, Cladosporium
oxysporum, Penicillium digitatum, Penicillium expansum, and Penicillium sp. The plates were then
incubated at 25 +2°C for seven days. Fungal growth was evaluated by measuring the diameter of the
colony using two perpendicular diameters that pass through the center of the colony. The percentage
of inhibition was calculated using the Abott formula as described previously [23].



4th International Conference of Modern Technologies in Agricultural Sciences IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1262 (2023) 032005 doi:10.1088/1755-1315/1262/3/032005

T Fungus growth average in control — Fungus growth average in treatment
Fungal Growth inhibition % = —£—£ g et £ x100

Fungus growth average in control

2.3. The Effect of Beltanol Fungicide on the Number of Tissue Banana Buds of Grand9 Variety

The toxic media method [24] was applied by preparing the tissue culture medium for banana growth
and 0.25 ml/L of Beltanol pesticide was added. Three replicates were prepared with the fungicide
treatment and three replicates were left without the pesticide for comparison purposes. All jars were
sterilized using an autoclave, left to cool and solidify, and then the banana tissue culture was planted
inside a sterile cultivation room. All buds were removed from the banana tissue culture before
planting. All jars were incubated at 27°C for 30 days, and the number of developing buds in each jar
was counted and recorded for both the treatment and the comparison groups.

2.4. The Effect of Beltanol Pesticide on the Fresh and Dry Weight of Tissue-Cultured of Banana
Grand 9 Variety

The tissue culture medium for banana was treated with Beltanol fungicide at a concentration of 0.25
ml/L. Three replicates of the treated medium were prepared along with three replicates of untreated
medium as a control. All replicates were sterilized using an autoclave and left to cool and solidify
[25]. The tissue culture was then planted on the medium in a sterile growth room after removing all
buds. The replicates were incubated at 27 °C for 30 days, and the plant tissue was weighed using a
sensitive balance to measure the fresh weight. Then, the tissue was dried in an oven at 65-70 °C for 72
hours and weighed again to measure the dry weight.

2.5. Enzymatic Activity of Fungi Isolated After Treatment with Beltanol Fungicide

Special culture media were used in this experiment to detect the extracellular enzymatic activity of
contaminated fungi. Disks with a diameter of 0.5 cm were taken from all isolated fungi grown on PDA
culture medium after 7 days. The plates containing the enzymatic test culture medium were inoculated
with 3 replicates for each treatment. The plates were incubated at a temperature of 25 + 2°C, and the
enzymatic activity was detected before fungal growth reached the edge of the plate. Cellulase enzymes
were detected using the method described by [26], lipase enzymes were detected using the method
described by [27], and protease enzymes were detected using the method described by [28].

2.6. Statistical Analysis

A Completely Randomized Design (CRD) was used in the laboratory experiments, and all means were
compared using the Least Significant Difference (L.S.D) method at a significance level of 0.05.
Statistical software programs, such as Genestat and Microsoft Excel, were used for data analysis and
graphical representation.

3. Results and Discussion

3.1. Isolation and Identification of Fungi Contaminating Tissue Bananas

The Potato Dextrose Agar (PDA) medium was used to isolate a group of fungi contaminating tissue
bananas from contaminated banana plantations in the tissue agriculture laboratory in Al-Haritha. The
isolated fungi are the most common contaminants in tissue agriculture laboratories, which was
confirmed by [29], who found that Aspergillus niger, Penicillium sp., and Alternaria alternata are
among the most common fungi contaminating tissue agriculture. In another study, [30] isolated
various fungal genera from contaminated tissue from date palm plantations, including Aspergillus
niger, Chaetomium atrobrunneum, Penicillium sp., and Fusarium spp.
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Table 1. Isolated Fungi from Tissue Culture Banana (Grand 9) Explants.

Isolation site Isolated Fungi
Aspergillus flavus
Aspergillus niger
Tissue Culture Agriculture Lab/Hartha Cladosporium oxysporum
Penicillium digitatum
Penicillium expansum
Penicillium sp.

3.2. The Efficiency of some Fungicides in Inhibition of Fungal Growth

Table 2 shows that adding different concentrations of fungicides to the PDA culture medium inhibited
the growth of contaminated fungi. Beltanol fungicide was the most effective at 100% inhibition of all
tested fungi at all concentrations. The addition of Zoxis fungicide resulted in an average inhibition rate
of 27% at a concentration of 0.25 ml/L, with significant differences when compared to other
concentrations. The inhibition rate was similar and without significant differences at concentrations of
0.5 and 1 ml/L, reaching 24.66% and 24.16%, respectively. The results also revealed significant
differences in the case of Agrisave fungicide, with a concentration of 0.25 ml/L yielding the highest
inhibition rate of 26.166%, followed by a concentration of 0.5 ml/L providing an inhibition rate of
24.833%, and a concentration of 1 ml/L providing the lowest inhibition rate of 13.33%. These fungi
were resistant to some fungicides but sensitive to others. Beltanol inhibits these fungi effectively
because it affects the biological processes of fungal cells and their components in a variety of ways.
This was confirmed by [31], who stated that fungicides have negative effects on the cell membranes of
microorganisms, causing structural changes and destroying the fats within them, which affects the
function of these membrane systems. The Agrisave and Zoxis fungicides showed varying degrees of
resistance, which is consistent with many studies showing that many fungi have become resistant to
fungicides, and the effectiveness of these fungicides is dependent on their composition, concentration,
and fungus targeting method. Certain fungi have cell membrane structures that allow them to resist
many fungicides [32]. These fungicides may vary in inhibition rates, as confirmed by [33,34], as the
sensitivity of P. digitatum fungus may differ.

Table 2. The efficiency of some fungicides in inhibition of fungal growth (%).

% inhibiting fungal growth

Fungicides
Fungi Agrisave Zoxis Beltanol
025 05 1 [Ungus goc 45 fungus o5 o5 fungus
average average average
AS?IZ?U'S“S 6 8 8 1066 33 16 16 2166 100 100 100 100
A. niger 8 8 16 1066 16 16 33  21.66 100 100 100 100

Cladosporium 45 33 16 5733 33 16 16 2166 100 100 100 100

oxysporum
Penicillium 5 55 99 20 20 40 20 2666 100 100 100 100
digitatum
P . expansum 40 40 10 30 20 40 40 33.33 100 100 100 100
Penicillium sp. 40 40 10 30 40 20 20 26.66 100 100 100 100
Concentrations ¢ | 46 133 270 246 241 100 100 100
average
for fungi = 2.114 for fungi = 2'914
for concentration= for concentration
L.S.D 0.05 =1.455
1.495 Interaction =
Interaction= 3.661 3563
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3.3. The Effect of the Beltanol on the Number of Tissue-Cultured Banana Buds of the Grand9 Variety
According to Table (3), adding the Beltanol to the banana tissue-culture medium resulted in
differences in the number of buds, with the average number of buds in the Beltanol treatment being
2.6, significantly lower than the average number of buds in the control treatment, which was 6. This is
due to the pesticide's effect on bud production by influencing protein biosynthesis within the plant,
which is consistent with a study by [35] that found that adding pesticides to plants reduces the number
of buds. Another study discovered that applying chemical pesticides to plants changed some of their
characteristics, such as bud production[36].
Table 3. Effect of Beltanol pesticide on the number of tissue banana buds of Grand9 variety.

Treatment Mean number of buds
Beltanol 0.25 mL/L 2.6
Control 6
LSD 05 1.118

3.4. The Effect of the Beltanol on the Fresh and Dry Weight of Tissue Bananas of Grand 9 Variety
Table (4) shows that treating tissue-cultured bananas with the fungicide Beltanol improved the average
weight of both fresh and dry tissue without causing any significant differences in means. Bananas
treated with Beltanol gained fresh weight, rising from 2.4 g in the control treatment to 2.93 g. The
effect of Beltanol on the tissue's dry weight was also noticeable, with a significant increase from 0.17
g in the control treatment to 0.21 g in the Beltanol-treated group. This could be attributed to
carbohydrate accumulation in plant cells as a result of the addition of Beltanol to the growth medium,
resulting in enhanced biological processes. These results are in line with those of [37], who claimed
that certain chemicals, such as pesticides, can enhance plant growth and characteristics, leading to
improved fresh and dry weights. Additionally, [38] discovered that some fungicides can have a
favorable impact on the development and characteristics of plants.

Table 4. Effect of Beltanol pesticide on the fresh and dry weight of tissue bananas of Grand 9 variety.

Treatment Fresh Weight (g) Dry Weight (g)

Beltanol 2.93 0.21
Control 2.4 0.17
LSD g5 0.526 0.044

3.5. Extracellular Enzymatic Activity of Isolated Fungi was Studied After Treatment with Beltanol
Pesticide

According to Table (5)'s findings, the isolated fungi were capable of producing hydrolytic enzymes
like cellulase, lipase, and protease. The cellulase enzyme assay results revealed that all of the fungi
tested positive, but with varying abilities to produce this enzyme. A solid medium containing
carboxylic compounds such as cellulose (CMC-Agar) was used, and the appearance of a yellow halo
around the fungal colony indicated that this substance was being decomposed by the cellulase enzyme
into simple sugars. The fungus P. digitatum produced this enzyme with high efficiency, with an
activity rate of 2.33 mm, whereas the fungi C. oxysporum and P. expansum produced it with moderate
efficiency, with activity rates of 1.5 and 1.41 mm, respectively. On the other hand, 4. flavus and A.
niger showed low efficiency with activity rates of 1.25 and 1.12 mm, respectively. These findings are
consistent with those of [39], who discovered that when 61 fungal species were isolated from the root
areas of different plants, the isolated fungi produced varying amounts of the cellulase enzymes.
Furthermore, [40] demonstrated that 18 fungal species responded positively to the enzyme by forming
a yellow halo around the fungal colonies, indicating the conversion of complex carbohydrates into
simple sugars. The larger the halo, the greater the enzyme production. The protease enzyme assay
results also revealed that P. expansum had a high efficiency indicator in the breakdown of protein on
skim milk agar, with an activity rate of 1.85 mm. C. oxysporum, P. digitatum, and A. flavus, on the
other hand, had moderate enzymatic efficiency rates of 1.46, 1.34, and 1.26, respectively. The fungus
A. niger had the lowest enzymatic efficiency, with an activity rate of 1.23, which is consistent with the
findings of [41], who discovered that these fungal species can produce protease enzymes. As [42]
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demonstrated, these fungi can produce protease enzymes in agricultural environments. It has also been
discovered that for all isolated fungi, the enzyme lipase forms a white precipitate under the fungal
mycelium, with white crystals submerged in the growth medium. The visible precipitate formed
around the fungal colony due to the release of calcium salts from lactic acid indicates the positive
activity of the lipase enzyme [43]. The isolated fungi's ability to secrete enzymes was inhibited when
the pesticide Beltanol was added to the growth medium at a concentration of 0.25 ml/L. This suggests
that the pesticide can kill the cell walls of fungi to prevent the production of fungal enzymes. This is in
line with a study by [44] that demonstrated how certain pesticides caused the production of
degradative enzymes like cellulase and pectinase to be inhibited in fungi. Fungicides work by
destroying the fungal cell wall and cytoplasmic membrane, thereby destroying degradation enzymes
[45]. Through the virulence of pathogens, including fungi, extracellular enzymes are crucial in the
infection process [46].
Table 5. Shows the extracellular enzyme activity of the studied fungi based on the Enzyme Activity
Index (EAI) with the addition of Beltanol pesticide treatment at a concentration of 0.25 ml/L.

Colony Halo Enzyme activity

. . . Enzyme Assessment with Beltanol
Enzyme Fungi diameter diameter R L .
activity of activity pesticide
(cm) (cm)
treatment
Aspergillus 2.00 2.50 1.25 +
flavus -
A . niger 2.00 2.25 1.12 + _
Cellulase ~ Cladosporium 1.20 1.8 1.50 ++ ~
oxysporum
Penicillium 1.50 3.50 2.33 bt
digitatum -
P .expansum 0.73 1.03 1.41 ++ _
Aspergillus 35 P
flavus - - -
A . niger 3.11 _ _ +++ _
lipase Cladosporium 1.22 B B ++ B
oxysporum
Penicillium
digitatum 1.63 - - o -
P .expansum 1.55 B _ ++ _
Aspergillus 3.88 491 1.26 +r
flavus -
A . niger 3.25 4.01 1.23 + _
protease  Cladosporium 131 1.92 1.46 +r
oxysporum -
Penicillium 1.50 2.02 1.34 ++
digitatum -
P .expansum 1.73 3.21 1.85 +++

+++ High activity (1.75 to 2.0 cm).

++ Moderate activity (1.25 to 1.75 cm).
+ Low activity (1.10 to 1.25 cm).

- Neglect or absence (1.00 to 1.10 cm).

Conclusion

Tissue culture is one of most promising procedure in plant propagation, and producing a true-to-type
Plants, but facing several obstacles, including fungal Contamination. Our Study revealed the isolation
of many different fungal species. most importantly, Aspergillus, flavus A. niger, Cladosporium
oxysporum, Penicillium expansum and Penicilliam sp. from Banana cultured tissues CV. Grand 9.
Additionally, the effectiveness of Beltanol fungicide has been proved among other fungicides by
inhibiting the radial growth of fungal contaminants, completely and prevented of them from Producing
any extracellular enzymes (Cellulase, Protease and Lipase). The phytotoxicity on Banana tissues
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revealed no toxic effect of Beltanol on examined tissues. Our results recommend the application of
Beltanol fungicide for Banana tissue cultures as a Protection measure for control fungal
contamination.
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