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INTRODUCTION 

Orange (Citrus sinensis L.) is an important 

fruit belonging to the family Rutaceae of the 

genus Citrus. It is one of the major 

commercial fruit crops that are consumed all 

over the world both as fresh fruit or juice due 

to its high vitamin C content and effective 

antioxidant constituents
17

. Orange is a hybrid 

fruit between pomelo (Citrus maxima) and 

mandarin (Citrus reticulate) and it has genes 

that are 25% pomelo and 75% mandarin
36

. The 

cultivation of citrus fruit obtained nearly south 

Asian part of the world. 
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ABSTRACT 

The present investigation was designed to throw light on the molecular identification and 

characterization of specific fungi responsible for the contamination in tissue culture medium of 

orange to find out cost-effective control measures. Both the fungi isolate 1 and isolate 2 grew 

optimally at 25⁰ C, pH-6, and 15% sugar content. Molecular identifications of those fungi were 

performed through PCR and a BlastN search of GenBank 18s rDNA revealed that the isolate-1 

and isolate-2 had approximately 92% identity with Alternaria alternata (accession no. 

MH263651) and Fusarium culmorum (accession no. MH261354). In the antimicrobial activity, a 

plant extract of Ocimum tenuiflorum almost inhibited the growth of isolate-1 and isolate-2 was 

inhibited by Ficus hispida. The antagonistic test was performed through the post-harvest fungi 

isolate Alternaria cucumerina (accession no. MH279485) which 18s rDNA was matched 99% 

identity.1. It showed respectively 33.33% and 47.13% percentage of growth inhibition (PGI) 

against isolated two fungal strains. 
 

Key words: Micropropagation, Alternaria alternate, Fusarium culmorum, Molecular analysis, 

Biological control. 
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But the seedling choice is a critical factor for  

the establishment of new citrus groves and 

also make sure that the groves productivity 

and health
10

.  

 For the above facts, micropropagation 

method has attained many outlooks recently 

due to their ability in producing healthy, 

disease free, and authentic seedlings
14

. 

Likewise, genetic transformation techniques 

have been shown to a powerful strategy as 

compared to conventional breeding for cultivar 

improvement
20

. Micropropagation can be 

defined as the growing of disease-free plant 

cells or tissues separate from the mother or 

wild plant on artificial media in vitro. It is an 

important technique in the study of plant 

genetics, plant morphology, plant metabolism, 

and plant physiology. The practice of plant 

tissue culture has contributed towards the 

propagation of a large number of the plant 

from small pieces of stock plant in a relatively 

short period of time
7
. Generally, tissue culture 

consists of taking a piece of a plant such as 

sterile leaves, stem tip, meristem, node, 

embryo, or even a seed
29

.  

 The nutrient media in plant tissue 

culture usually employed but this in vitro 

media gets contaminated by micro-organisms. 

Contamination of tissue culture medium the 

microorganism is considered to be the most 

important reason for losses in products during 

in vitro culture of plants. Such microorganisms 

include bacteria, fungi, viruses, yeast, mites, 

and trips
5
. Among these micro-organisms, like 

fungi and bacterial infections such as 

Alternaria alternate, Aspergillus fumigatus, 

Aspergillus niger, Aspergillus flavus, Rhizopus 

stolonifer, Fusarium oxysporum, Fusarium 

culmorum, Pseudomonas flourescens, 

Escherichia coli, Proteus sp, Micrococcus spp, 

Bacillus cereus, Bacillus subtilis, Erwinia sp., 

etc. are considered most harmful to the plant 

tissue cultures
12

. If these contaminants are not 

controlled properly, then it makes a great loss 

to the agriculture industries as well as sectors 

dependent on them including the loss of 

expensive culture, time and production of 

infected plants used for the plantation that 

collectively hamper growth and yield
33

.  

Every step of plant tissue culture method must 

be considered in order to a contamination free. 

These steps encompass the type of handling of 

explants, preparation of media, subculturing, 

incubation and finally storage of sterile culture 

explants. Tissue culture media contaminants 

can be prevented through protected growth 

conditions of tissue cultures, irrigating 

explants with filtered water rather than 

standard city water and sub-culturing the plant 

cultures under laboratory cleanliness and an air 

source
23

. To prevent tissue culture medium by 

using medicinal plant extracts have been 

showing a remarkable observation. This is the 

first report to finding the in vitro efficacy of 

different plant extracts in contaminated tissue 

culture medium. 

 The main objectives of this study were 

to investigate and identify two most common 

fungal contaminant of the in vitro tissue 

culture medium with the hope of ingenious 

means of preventing contamination of the 

cultures and their in vitro control system by 

using plant extracts which may help to conduct 

a successful gene transfer program.  

 

MATERIAL AND METHODS 

Source of explant and preparation of tissue 

Orange shoot tip was used as an explant in this 

study. Murashige and Skoog (MS, Sigma) 

media were used for this purposes
27

. The MS 

media was sterilized by autoclaving at 121°C 

for 20 minutes. The explants were excised (2-3 

cm) and surface sterilized with sodium 

hypochlorite (NaOCl) (Sigma-Aldrich 

Cheniere) solution for 2-3 minutes
38

. Then 

explants were rinsed with 3-4 successive 

changes of sterile distilled water (SDW). 

Finally, explants were aseptically transferred 

to the MS culture medium, labeled and 

incubated at 25°C ± 2 for 2-3 weeks.  

Isolation of microbial contaminants 

From the contaminated culture tubes, 

contaminated tissue was removed from the 

tissue culture unit in an aseptic condition and 

visually examined (Fig 1a). Then contaminants 

microbes which are emerging in tubes were 

isolated by inoculating them on solidified 

Potato Dextrose Agar (PDA) media and 
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incubated for 7-10 days at 25°C (Fig 1c). The 

pure isolated fungal colony was obtained from 

repeated sub-culturing of the isolate in PDA 

media and store to preserve at 4°C in a 

refrigerator
6
.  

Morphology of two fungal isolates 

The fungal isolates were identified using 

cultural characteristics, morphology, and 

microscopic comparison with standards by 

Barnett and Hunters
3
 procedure. Morphology 

analysis of this two isolated fungal strains was 

done using PDA (Potato Dextrose Agar), SDA 

(Sabouraud Dextrose Agar), and CDA 

(CzapekDox Agar) media. A pure culture of 

both isolates growing culture on PDA, a 

mycelial disc of 5 mm in diameter was cut and 

placed at the center of three new different 

media. Then Petri-plates were kept for 

incubation at room temperature (25°C) for 7-

10 days. Based on their colony diameter, 

shape, size, color, texture, form, margin, 

reverse color, elevation, dry weight etc. 

compared to each medium  morphology. The 

morphological analysis was subjected under a 

light microscope at 40X magnification 

((LABOMED, LX400, USA).  

Growth profiling of two fungal isolates 

The growth profiling test of fungi gives an 

idea about the ability of fungal growth, making 

easier to discriminate different strains of same 

or different species. For this purposes, 

different growth profiling such as temperature, 

pH, different sugar concentrations, and 

carbohydrates test was done against the two 

isolated fungal strains. Solidified PDA media 

was prepared with around 100 ml for each 

isolates growth profiling tests and autoclaved 

at 121°C for 20 minutes and the media was 

placed in a Petri-plates to allowed it solidify. 

Four different temperature (4⁰ C, 25⁰ C, 

30⁰ C, and 37⁰ C), three different pH (3, 6 and 

9), three different sugar concentration (5%, 

10%, and 15%) containing 20gm/L value and 

four different sugar has been used for 

optimized this analysis. 6 mm diameter discs 

of mycelium were cut from a pure culture on 

PDA media and inoculated in the different 

growth profiling culture plates. Then the plates 

were incubated at 25°C for 7 days. After 7 

days the dry weight is measured using 

electrical balance by collecting the fungal 

mycelium and record physiological and 

morphological characteristic
21,9

.  

PCR amplification with ITS primer and 

sequencing 

The extraction of genomic DNA isolation was 

done by fungal DNA/RNA/Protein Kit 

(QIAGEN) followed by their ‘Quickstart’ 

protocol. The quantity and quality of the 

isolated fungal DNA were confirmed             

by spectrophotometrically and 

electrophoretically. After that isolated both 

DNA was subjected to the PCR amplification 

using the internal transcribed spacers primers 

‘ITS-2F’ and ‘ITS-2R’ (Sigma, USA) and 

Thermo Fisher Dream Taq Blue PCR master 

mix (2X). PCR amplification was performed 

in a 50 µl (one isolate) of the reaction mixture 

which contained 25 µl Taq blue PCR master 

mix (2X), 1 µl of forward and 1 µl of reverse 

primer, 1 µl of genomic DNA and rest of the 

DNase free PCR water. PCR conditions (Q-

cycler 96, Hain Life Science) were as follows: 

initial denaturation at 95⁰ C for 2 min, 

followed by 35 cycles of denaturation at 94⁰ C 

for 1 min, primer annealing 51.5⁰ C for 30 

seconds, primer extension 72⁰ C for 2 min 

each with a final elongation at 72⁰ C for 10 

min and hold at 4⁰ C. The amplicons were 

amplified by 1% agarose gel in 0.5 

Tris/Borate/EDTA buffer and the amplified 

bands were detected against 1 kb ladder 

(DL5000 DNA Marker, TSINGKE). Products 

of both sequencing reactions were analyzed in 

Malaysia Ltd. via Invent Biotech, Dhaka, 

Bangladesh. Both the sequence analysis was 

performed using a BlastN search of NCBI 

database and phylogenetic relationship 

obtained CLUSTAL W and MEGA 6.0 

software
35

. Both the fungal nucleotide 

sequences were deposited in the GenBank 

database.  

Cellulolytic activity of two fungal isolates  

For this study, 5cm/1cm cellulose strip was 

placed in the liquid PDA culture of the fungal 

strains before incubation at room temperature 

(25⁰ C). After 7-10 days, if the cellulose strip 

degrades then it showed positive result against 

the fungal isolates
22

.  
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Control measurement with different NaCl 

concentrations 

Different NaCl concentrations were used as a 

criterion to study fungal growth. The PDA 

media was prepared according to the 

manufacturer’s instructions and autoclaved at 

121⁰ C for 20 minutes. For each isolate, three 

different NaCl concentrations were used such 

as 0.5%, 1%, and 2% respectively. After that 

25 ml of PDA media was transferred to Petri-

plates with different NaCl concentrations and 

5cm of mycelium disc were placed at the 

center of the Petri-plates and incubated at 

25⁰ C for 7-10 days. After the incubation 

period, the growth was observed and the dry 

weights were recorded.  

In vitro efficacy of different plant extracts 

Plant extracts are highly effective against 

microbial infections. In this study, we used 

four different plant extracts to inhibit the 

growth of fungi as biological control 

measures. Table 1 shows plant materials used 

for this study with their local name, family 

name, and usable parts.  

 

Table1. List of plants for in vitro efficacy test 

Scientific name English name Family name Usable parts 

 

Coccinia grandis Ivy gourd Cucurbitaceae Roots 

Azadirachta indica Neem Meliaceae Leaves 

Ficus carica Common Fig Moraceae Leaves 

Ocimum tenuiflorum Holy basil Lamiaceae Leaves 

 

Preparation of plant extracts and fungal 

growth control measurement 

At first, the collected plant parts were washed 

with running tap water and sterilized with 70% 

ethanol. Then they were dried in the drier at 

37⁰ C. The dried parts were grinded using 

mortar and pestle. Then the dust was dissolved 

at 100g/L concentration in methanol solution. 

After 24 hours the mixture was firstly filtered 

through the filter paper. 1 ml of each methanol 

plant extracts were added on 25 ml of PDA 

media plates to control the fungal strain using 

the ‘Poisoned food technique'. After that, 

seven-day-old culture fungi isolates (5 mm 

disc) were inoculated in the center of the 

media plates and incubated for 7 days at 

25⁰ C
31,2

. For direct analysis of efficacy of 

plant extracts into tissue culture medium, we 

added methanolic extracts of plant extracts in 

three different concentrations. After 

autoclaving the culture medium carefully 

added plant extracts at 0.10%, 0.01% and 

0.05% concentrations by using sterile micro-

pipette.    

Antagonistic test 

The antagonistic test was performed through 

the post-harvest fungi isolate Alternaria 

cucumerina (accession no. MH279485). Dual 

culture plate method was used to determine the 

percentage inhibition of radial growth (PIRG). 

In this method, 5 ml of mycelia discs of the 

test fungal isolates was placed 2 cm away from 

the edge of the Petri-plates from the periphery 

of Petri plates and a single antagonist mycelia 

disc were placed similarly on the opposite end 

of a test sample of the test fungi
16

. As a 

control, isolated test fungi were placed in a 

similar manner on a fresh PDA plate. All 

pairings were carried out in quadruplicate and 

incubated at 25⁰ C. Antagonistic activity was 

tested 7 days after incubation by measuring the 

radius of the test fungal colony. The two 

readings were transformed into percentage 

inhibition of radial growth (PIRG) using the 

formula developed by Skidmore and 

Dickinson
34

. The following formula is given 

below: 

PGI (%) = KR-R1/KR x 100 

KR- Direction of the antagonist colony 

R1- The radius of the test fungal colony in the 

control plate 

Statistical analysis tools  

All the analysis of the present study were 

conducted in triplicate for the tune of exact 

results and statistical analysis. All the data 

were expressed as a mean and standard error 

(M±SE) using Microsoft Excel software 2013.  
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RESULTS AND DISCUSSION 

Morphology and microscopic 

characterization 

The bold visualization of colonies developed 

on different media (PDA, SDA, CDA) 

recommended for this particular fungal genus 

is considerable importance in identification. 

All three culture media supported the growth 

of test fungi to various degrees. Out of them, 

the isolate-1 showed maximum mycelial 

growth (6.8±1.5) on PDA media after 7-10 

days of the incubation period (Figure 1b). The 

difference in surface coloration of fungal 

colonies was distinct on three growth media as 

observed in case of PDA media it was brown 

on the surface; in case of SDA, Brownish to 

white on the surface. Similarly, in CDA media, 

it looked Pinkish white on the surface. Isolate-

2 also showed maximum mycelial growth on 

PDA media after 7 days of the incubation 

period (Figure 1d). In PDA, it was white on 

the surface and attained white color also in 

SDA and CDA media. In PDA, fungi were 

characterized with distinct radial furrows on 

the reverse. On the other hand, no radial 

furrows exhibit in SDA and CDA. Both the 

isolates showed maximum growth at 25-28⁰C 

temperatures and pH 6.  
 

 

 

 

 

 

 

 

 

 

Figure 1. Figure shows the contaminated orange tissue culture nodal shoot and tip culture medium (1a, 

and 1c) and figures 1b and 1d show the morphology of this two isolated fungi. 

 

These findings are similar to Misaghi et al.
26

 

and Kang et al.
19

; indicating the observed 

temperature ranges 25-30⁰C are the most 

favorable for the majority of Alternaria and 

Fusarium sp, that contaminates the tissue 

culture medium. Aimanianda et al.
1
 reported 

that the diameter of the fungal conidia and 

spore ranged usually 4-6 x 2-6 μm. The 

microscopic view of both isolates in different 

media showed in figure 2 and 3.  
 

Isolate-1 

 
Figure 2. Microscopic view of isolate-1 on different growth medium and their colony  characterization. 

Hyphae of isolate 1 showed thin spread like structure, conidia show branched chain of spores in SDA and 

CDA media shows single micro-conidia. 

1 (a) 1 (b) 1 (c) 1 (d) 
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Isolate-2 

 
Figure 3. Microscopic view of isolate-2 on different growth medium and their colony  characterization. 

Mycelium of isolate 2 showed thread like structure with true hyphae, colonies are very first growing but 

the spore is not visualized. 

 

Type of culture media and their nutrient 

compositions significantly affected the 

mycelia growth rate and conidial production of 

fungal isolates. PDA is one of the most 

commonly used culture media because of its 

simple formulation and ability to support the 

mycelial growth of a wide range of fungi. 

Several workers stated PDA to be the best 

media for mycelial growth
37,25,32

. Hence, fungi 

are recognized and identified basically by their 

phenotypes
39

. The overall morphological 

characterization of two isolated fungal strains 

showed in table 2 and 3. 

 

Table 2. Colony morphology of fungal isolate-1 on different media 

Characteristics PDA SDA CDA 

Diameter(cm) 6.8±2.1 6.1±2.1 4.4±1.5 

Form Circular Filamentous Filamentous 

Margin Entire Filiform Undulate 

Elevation Convex Umbonate Convex 

Surface Smooth Rough Rough 

Front color Brown Brownish to white Pinkish white 

Dry weight(gm) 0.234±0.03 0.201±0.03 0.132±0.04 

 
Table 3. Colony morphology of fungal isolate-2 on different media 

Characteristics PDA SDA CDA 

Diameter(cm) 5.1±2.1 3.9±2.1 1.6±1.5 

Form Circular Circular Irregular 

Margin Entire Filiform Entire 

Elevation Raised Umbonate Raised 

Surface Smooth Rough Rough 

Color White Brownish to white White 

Dry weight(gm) 0.196±0.03 0.137±0.03 0.058±0.04 
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Growth profiling test 

Growth profiling in temperature 

The present study revealed differences in 

temperature optima for mycelial growth of 

Alternaria alternta and Fusarium culmorum. 

Mycelial growth occurred over a range of 4°C 

to 30°C, with maximum growth at 25°C (Fig 

4a). The growth of fungi decreased when the 

temperature increased more than 30°C. The 

fungus showed maximum mycelial growth, 

6.6cm (isolate-1) and 4.8 cm (isolate-2) at 

25°C. And the dry weight of the fungi at 25°C 

was 0.195gm and 0.130 gm. According to this 

profiling both the fungal strain belong to 

Mesophiles group. In accordance with the 

review of Daniel and Danson
8
; Freidrich and 

Wingtgen
13

, increased temperature led to 

increasing inactivity but that there was a limit 

to the increase in activity because higher 

temperatures led to a sharp decrease in 

activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The graphical presentation shows the growth profiling test against two fungi isolates in different 

temperature (a); different pH (b); different sugar concentrations (c); and different carbohydrates (d). 

 

(a) (b) 

(c) (d) 
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Growth profiling in different sugar 

concentrations 

The experiment was conducted to examine the 

effect of sugar concentrations on the growth of 

fungi. Mycelial growth occurred over a range 

of 5%-15% sugar concentrations. It was 

observed that increasing sugar concentrations 

had a stimulatory effect on the growth of fungi 

(Fig 4c). At 15% sugar concentration the 

maximum mycelial growth was 7 cm and 6.4 

cm with dry weight 0.221gm and 0.196gm 

respectively. At 15% sugar concentration, it 

gave maximum biomass production which was 

achieved within 7 days of incubation periods. 

Our study confirmed by Fang et al.
11

.  

Growth profiling in different carbohydrates 

For the growth profiling of the fungi different 

carbohydrates: glucose, lactose, fructose, and  

maltose were used at 20gm/L concentration in 

PDA media. The maximum growth of the 

isolate-1 was observed in glucose with a 7.1cm 

diameter of mycelium growth with 0.234gm of 

dry weight. In case of isolate-2 fructose 

showed the highest growth on fructose with 

6.3cm diameter and 0.196gm of dry weight 

(Fig 4d).  

Cellulolytic activity test 

According to the study, the isolated fungal 

strains didn’t degrade the cellulose strip. So 

there was no cellulolytic activity present in the 

isolated fungal strains. Similar findings were 

obtained by Nilsson et al.
28

, where Alternaria, 

Fusarium sp., showed negative cellulolytic 

activity results.  

PCR amplification and sequencing 

In gel electrophoresis, isolated two fungal 

genomic DNA was high molecular weight and 

it was seen approximately on the top of the 

11000 bp DNA marker. The ‘ITS’ region of 

ribosomal DNA was amplified for future 

sequencing to confirm the identity of the 

fungal isolates. Amplified isolated fungal 

DNA was approximately 1300 bp and 1400 bp 

which compared with 1kb+ DNA marker (Fig 

5a, b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Figure 5 (a, b) shows the isolated two fungal strain was amplified ITS region approximately in 

1300 bp and 1400 bp with ITS-IIF and ITS-IIR primer. Phylogenetic relationship was obtained by the 

Neighbor-Joining method (5c, d). The evolutionary relation was obtained through the CLUSTAL 

OMEGA and MEGA 6 software. 

(c) 

(d) 
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     0.5% NaCl        1% NaCl       2% NaCl          Control 

Sequencing reactions performed with both 

types of templates using PCR-amplified 

fragments and cloned DNA fragments showed 

the same nucleotide sequences in size, 

allowing a continuous stretch of bases to be 

determined. A BlastN search of GenBank 

revealed that the fungal isolate-1 had 

approximately 92% identity with Alterneria 

alternata and isolate-2 had approximately 92% 

identity with Fusarium culmorum (Fig 5c, d). 

Both nucleotide sequences were deposited in 

the GenBank and have the accession no. 

MH263651 and MH261354 respectively. 

These findings of Alternaria and Fusarium 

groups based on morphology and growth 

profiling which is poorly supported by ITS 

rDNA sequence data. But effective 

identification may help further control 

management of this two diseases. Our results 

are congruent with the Gilbertson
15

 and 

Lievens et al.
24

.  

Control measurement with different NaCl 

concentrations: 

Along with the experiment on control 

measurement, NaCl proved as a great 

antifungal compound. NaCl inhibited the 

fungal growth to a great extent (Fig 6a and 

6b). The growth inhibition rate was 

determined based on the equation [(ΔC – 

ΔT)/ΔC] x 100 Broekaert et al.
4
 where ΔC is 

the diameter of control fungal colony and ΔT 

is the diameter of treatment fungal colony. We 

observed that 2% NaCl was able to inhibit 

55% fungal growth (Fig 6), which can be a 

great promising factor for successful future 

control practice. Different concentration of 

NaCl in the PDA media was used from 0.5-

1.5% concentrations. At 2% concentration, the 

growth of the two fungi was 2.2 cm and 1.1 

cm in diameter. It was observed that increasing 

NaCl concentration decreased the growth of 

isolated fungi.  

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

Figure 6. Showing inhibitory growth pattern of two fungal isolates (A, isolate-1, and B, isolate-2) in 

different NaCl concentrations. 

 

In vitro efficacy of plant extracts against 

two fungal isolates 

Though all four plant extracts, used in this 

antifungal activity, the mycelium growth of 

the fungal isolates-1 was less inhibited (15%) 

by ivy gourd. The other three extracts can 

inhibit the fungal growth around 65%, 69%, 

and 73% respectively, which was really a good 

result for effective control practice. On the 

other hand, the four plant extracts showed a 

positive result for fungal isolates-2. The four 

extracts inhibited the fungal growth around 

55%, 63%, 60%, and 68% respectively (Fig 

7a). This study concluded that the plant extract 

of Ocimum tenuiflorum (Holy Basil) almost 

inhibited the growth of isolate-1 and isolate-2 

was inhibited by Ficus carica (Common Fig). 

Beside the ivy gourd, all three plant extracts 

         Control      0.5% NaCl        1% NaCl       2% NaCl 

      A 

      B 
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showed significant antifungal activity and our 

results were obtained in the previous study 

conducted by Hammer et al.
18

. When Ocimum 

tenuiflorum (Holy basil) plant extracts was 

added into the isolate-1 culture medium in 

different concentrations, it anxiously inhibit 

the mycelim growth. On the other side, 

methanolic extracts of Ficus carica (Common 

Fig) showed significant inhibition of isolates-2 

mycelium growth (Fig 7b). This in vitro 

control measures is the first findings of this 

two fungal isolates. Further studies need to 

isolate this operative compound from the plant 

extracts which help to produce potential and 

eco-friendly remedy for tissue culture fungal 

contaminants.  

 

 
Figure 7a. The radial chart shows the reduction of the percentage of inhibition growth rate (PIRG) by 

using different plant extracts against two fungal isolates. 
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Figure 7b. Graph shows inhibition pattern of different methanolic plant extracts on both fungal isolates. 

 

Antagonistic activity assays in vitro 

The assay for antagonism was performed on 

PDA on Petri dishes by the dual culture 

method. After that, the inhibitory effect was 

measured by manual measurement using 

millimeter scale. To test antagonism of 

Alternaria cucumerina fungi, 5 mm of mycelia 

agar disc from fungi isolates cultures was 

placed on the one side of a Petri dish 

containing PDA medium and another 5 mm 

mycelia agar disc was also placed 3 cm away 

from the disc of fungal isolate on the same 

dish. Paired cultures were incubated at 25
o
C. 

Results from the dual culture assay showed 

that antagonistic microorganisms inhibited the 

mycelial growth of isolated fungal strain, with 
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Isolate 1 Control 

varying efficiencies and the result of PGI was 

33.33% and 47.13% respectively (Fig 8). This 

result is confirmed by Pandey et al.
30

, where 

they found bacterial strain Pseudomonas and 

fungal strain Alternaria showed significant 

antagonistic activity against the Alternaria 

alternata and Fusarium culmorum.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Antagonistic activity of other fungi against isolated fungi. 
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