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Abstract 

The present investigation was designed for morpho-physiological and molecular characterization of the phyto-pathogenic fungi 

responsible for two deleterious diseases - damping off and fusarium wilt as well as evaluation of their control technique. The 

pathogenic fungi were isolated from the diseased parts of bitter gourd plant collected from two different fields and primarily 

identified on the basis on their specific colony morphology and microscopic observation. The fungal isolates were grown well 

on PDA medium and showed different colony morphology on different culture media. Although the optimum pH of these fungi 

varied, but the optimum temperature was 25°C for both of the fungal isolates. The differences in carbohydrate types, sugar 

concentrations, organic acids and salts also significantly influenced the mycelial growth of these fungi. PCR products of the 

internal transcribed spacer (ITS) region of the fungi showed approximately 650bp size clear band in gel electrophoresis. In 

sequencing analysis, the amplified ITS region of the fungi showed 99% and 100% similarities with the original sequences of 

Fusarium equiseti and Fusarium oxysporum, respectively. In antifungal activity assay, the extracts of Ficus racemosa, Moringa 

oleifera, Azadirachta indica, Cassia alata, Senegalia catechu etc. displayed promising antifungal activities against both of the 

isolate A and B. The outcome of this research work would be helpful for detection and developing nature-friendly control 

approach of the two devastating diseases of bitter gourd. 

 

Keywords: bitter gourd, characterization, pathogen, biological control 

Introduction 

Bitter gourd (Momordica charantia L.) is one of the most 

popular vegetable crop in Bangladesh for its nutritive and 

medicinal values belongs to the Cucurbitaceous family [1]. It 

is grown extensively throughout the country of Bangladesh 

during Kharif season which are around 23,890 acres and total 

production are above 52,020 metric tons per annum [2]. As far 

morphology of the plant is concerned, it is herbaceous plant 

that grows around 5m and bears simple/alternate leaves of 4-

12cm with 3-7 deeply separate lobes. Bitter gourd is similar 

to a small cucumber, usually rectangle and oblong in shape 

and eaten green. It is filled with pulp and large flat seeds, 

which surrounding a comparatively thin layer of flesh [3-4]. It 

possess wide range of pharmacological activities for instance, 

antioxidant, antifungal [5], antidiabetic [6], antiobesity, 

stomachic, anticancer, hypotensive, and blood cholesterol 

lowering effects [3, 7] and it has been the subject of intensive 

investigations for numerous biologically active compounds 

which may have excellent medicinal properties [8-9]. 

The success of any crop production generally depends on the 

profitability at farm level. But various devastating plant 

diseases pose a great threat to the agricultural sector by 

reducing the life-span of the plants. The diseases in bitter 

gourd cause huge production and economic losses as well as 

reduction in both quality and quantity of the vegetable. There 

are various types of diseases that affect the bitter gourd plants 

among which fusarium wilt, collar rot, powdery mildew, 

downey mildew, alternaria blight, anthracnose and mosaic 

are most common found in the Indian subcontinent. Damping 

off can affect seedlings under and above ground. Some 

seedlings may start to grow and suddenly whither due to 

damping off. Others will have stems that appear pinched or 

broken, causing them to collapse while they still have their 

cotyledons. While damping off of seedling is prominent 

among the soil-borne fungal diseases, it is caused by several 

species of Fusarium, Pythium, Rhizoctonia and Verticillium 
[10-11], and widely distributed throughout the world, but most 

prevalent in wet and cool conditions. Fusarium equiseti, one 

of the causal agent of the concern disease, is cosmopolitan [12-

13], common in temperate and subtropical areas [14] found this 

fungus to be pathogenic to cucurbits. A previous study [14] on 

F. equiseti showed that F. equiseti was pathogenic mainly 

during seedling preemergence. Overall, the economic losses 

due to damping-off are represented by a direct cost, due to 

damages of seed or seedlings, and an indirect cost, which 

consists of an additional cost of replanting and the consequent 

lower yields due to the later planting dates [15-16]. According 

to Halila and Strange [17], another noxious disease - fusarium 

wilt may be devastating to individual crops and cause up to 

100% loss under favorable conditions of the causal agent of 

the disease. The members of cucurbitaceae family are 

susceptible to fusarium wilt caused by different forms of 

Fusarium oxysporum. Since the fungus chokes the vascular 

system of plant and plant dies from water and nutritional 

deficiency, it attacks mainly when the plants have grown up 
[18]. The difficulty in controlling fusarium wilt has stimulated 

the research in biological control independently from the 

recent concern for environmental protection [19]. The 

objective of the present study was to isolate the pathogens 

responsible for damping off and fusarium wilt disease of 

bitter gourd along with their morpho-physiological and 

molecular characterization. Moreover, different types of 
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plant extracts were used to evaluate the efficacy as a mean of 

eco-friendly biological agent for control of the isolated 

pathogens as well as the diseases of bitter gourd. 

 

Materials and Methods 

Plant materials collection 

The present study was conducted at Professor Joarder DNA 

and Chromosome Research Lab., Department of Genetic 

Engineering and Biotechnology, University of Rajshahi, 

Bangladesh during March 2017 to March 2018. The two 

different diseased leaf samples were collected from 

Keshorhat, Mohonpur, Rajshahi, Bangladesh. The diseases 

were identified by Dr. Asraful Islam, Scientific Officer, Fruit 

Research Institute, Binodpur, Rajshahi which were used as 

plant materials. 

 

 
 

Fig 1: Showing the diseased plant samples (A) Damping off and 

(B) Fusarium wilt of bitter gourd 

 

Isolation and purification of fungi 

Symptomatic fragments were taken from the infected parts of 

the plant, sterilized in a 5% sodium hypochlorite solution, 

rinsed with sterilized water and placed on Potato Dextrose 

Agar (PDA) (Difco, USA). The medium also was 

supplemented with 0.5gL-1 of streptomycin sulphate (Sigma-

Aldrich, USA) and 1mlL-1 of lactic acid. After that the Petri 

dishes were incubated at 25°C in the dark for 3 days. The 

colony produced from diseased sample were re-isolated using 

a single spore [20] where the fungal colonies emerged from 

diseased samples were transferred to different Petri dishes 

containing fresh PDA medium.  

 

Morphological and microscopic identification 

Pure fungal cultures were transferred to fresh potato dextrose 

agar (PDA) to stimulate sporulation of conidia that facilitate 

the identification of concerned fungi. The species were 

identified on the basis of macroscopic and microscopic 

characteristics such as overall color, reverse color, growth 

rates, pigmentations of colony, types of conidiogenous cells, 

shape and size of conidia, dry weight, presence or absence of 

sporodochia and chlamydospore etc. [20].  
 

Growth profiling of isolated fungi 

The differences in growth media have significant effects on 

the vegetative growth, colony character, sporulation, and 

pigmentation depending upon pH, temperature, light, water 

availability and surrounding atmospheric condition [21]. 

Three different agar media (Hi Media, Bombay) namely: 

potato dextrose agar (PDA), sabouraud dextrose agar (SDA) 

and nutrient agar (NA) were prepared separately and used to 

evaluate the colony morphology of the two isolated fungi. 

PDA is one of the most commonly used culture media 

because of its simple formulation and its ability to support 

mycelial growth of a wide range of fungi. Several workers 

stated PDA to be the best media for mycelial growth [22] and 

it was used to comparative study of different characteristics 

for the growth profiling of the two fungal strains. For the 

determination of the colony morphology and dry weight, the 

five petri dishes containing around 25ml PDA media with 6 

mm mycelial disc were kept in 15⁰C, 20⁰C, 25⁰C, 30⁰C and 

35⁰C temperatures, respectively and incubated at dark for 7 

days. The effects of different pH on the growth pattern of the 

two fungi were estimated through adjusting the pH at 5, 6, 7, 

8 and 9, respectively by using HCl and NaOH prior to 

sterilization. Various carbohydrates such as fructose, lactose, 

maltose, sucrose and starch were added as sole carbon source 

to the medium at 2% concentration instead of dextrose to 

evaluate the effect of these carbohydrates. The Contribution 

of the salinity to the growth of the fungal strains was also 

investigated by incubating the fungus in PDA media 

supplemented with 0.5%, 1%, 2%, 4%, 6% (w/v) of NaCl. 

The organic acids also play effective roles in determining the 

growth instructions of the fungi. Here, the influences of citric 

acid, malic acid and nicotinic acid were determined by adding 

extra 1% acids on the PDA media.  

 
Molecular identification of the isolated fungi 

After 7 days of incubation of two pure fungal isolates on PDA 

media at 25±2°C, the mycelium were subjected to isolation 

procedure. Here, Max Maxwell® 16 LEV Plant DNA Kit 

(AS1420, Promega, USA) was used for the isolation of the 

genomic DNA. The isolated DNA was amplified through 

polymerase Chain Reaction (PCR) technique using universal 

primers, ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) 

and ITS5 (5’-GGA AGT AAA AGT CGT AAC AAG G-3’), 

and Hot Start Green Master Mix (Promega, USA). PCR was 

performed in a 50µl reaction mixture containing 25µl of Hot 

Start Green Master Mix (2X), 2.0 µL of each forward and 

reverse primer, 2.0 µL of genomic DNA and rest of the PCR 

water. The performing PCR program was as follows: pre heat 

at 95°C for 2 min, followed by 32 cycles of denaturation step 

at 95°C for 30 sec, primer annealing at 48°C for 30 seconds, 

primer extension at 72°C for 45 sec. After that, the 

temperature of final extension was at 72°C for 10 min and 

lastly, hold at 4°C for overnight. The amplicons were 

separated by 1% agarose (V3125, Promega, USA) gel 

electrophoresis. The quality and quantity of isolated DNA 

were checked by NanoDrop Spectrophotometer (ND2000, 

Thermo Scientific, USA). Finally, The PCR products were 

purified and used for sequencing analysis in Malaysia Ltd. 

via Invent Biotechnologies, Bangladesh. The sequenced data 

were analyzed using similarities of nucleotide sequences 

between isolates through the BLAST procedure 

(http://blast.ncbi.nlm.nih.gov).  

 
Evaluation of in vitro antifungal activity 

For evaluating antifungal activity of leaf extracts, slightly 

modified poisoned food technique [23] was used. The 

antifungal effects of total twelve plant extracts (named 

Azadirachta indica, Cassia alata, Coccinia grandis, Hibiscus 

rosa-sinensis, Ficus racemosa, Psidium guajava, Moringa 

oleifera, Andrographis paniculata, Datura metel, Allium 

sativum, Senegalia catechu, Spondias mombin) against 

isolate A and B fungi were investigated. 50µg plant extract 

was added at 25ml of PDA medium, mixed by stirring, 
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poured into petri plates and cooled down. Small disc of the 

pure fungus culture (6mm) was cut with a sterile cork-borer 

and transferred aseptically in the center of the petri plate. 

Suitable checks was kept where the culture discs was grown 

under same conditions on PDA medium without extract was 

used as control. The inhibition of growth was calculated by 

Arora and Dwivedi methods [24]. 

Percent inhibition of mycelial growth= [(Gc-Gt)/Gc] x 100 

Where, Gc = Mycelial growth in terms of colony diameter in 

control set, Gt= Mycelial growth in terms of colony diameter 

in treatment set. 

 

Data analysis 

The data for the percentage and average numbers were 

determined using three replicates and each experiment was 

repeated thrice. Means and standard errors (M±SE) were 

calculated for each experiment using Microsoft Excel 2013 

plus software. 

 

Results 

Isolation and purification of fungi 

In the present investigation, two types of sample were 

collected from two different fields marked as isolate A and 

isolate B. After the incubation, pinkish white fungal colony 

was appeared from isolate A, a part of collapsed stem, whose 

center became brownish pink to dark brown within few days 

(Fig. 2A). The sample B, leaf of wilted young bitter gourd 

plant, produced pinkish white colony with pale pink center 

(Fig. 2B). 

 

Microscopic identification 

The mycelium of isolate A was partly superficial and 

immersed, composed of branched; the hyphae were septate, 

smooth, and hyaline. The Conidia are falcate and septate. 

Macroconidia are fusiform (‘canoe-shaped’), typically 

having three to five cells and are produced in large numbers, 

often in clumps known as sporodochia. The results are given 

in Fig. 2C-D. 
  

 
 

Fig 2: Showing the pure culture and cotton blue staining (A & C) 

Isolate A and (B) Isolate B 
 

Colony characterization due to differences in media 

Both of two fungi were grown on three different media - 

PDA, SDA and NA where they showed different 

morphological and physiological characteristics which are 

represented in table 1.  

 
Table 1: Morpho-physiological characteristics of the isolate A and B in different culture media 

 

Characteristics Isolate A 

 PDA SDA NA 

Front color Brownish pink Brownish pink Brownish white 

Back color Brown with brownish white margin Yellowish brown Pale brown 

Diameter (mm) 49 37 86 

Form Filamentous Filamentous Filamentous 

Elevation Crateriform Raised Convex 

Margin Filiform Filiform Filiform 

Opacity Opaque Opaque Opaque 

Dry weight (gm) 0.308 0.262 0.187 

Characteristics Isolate B 

 PDA SDA NA 

Front color Pinkish white Brownish white Translucent brownish white 

Back color Pinkish white with pale pink center Pink Translucent brownish white 

Diameter (mm) 56 23 63 

Form Filamentous Filamentous Filamentous 

Elevation Crateriform Raised Raised margins 

Margin Entire Undulate Undulate 

Opacity Opaque Opaque Translucent 

Dry weight (gm) 0.271 0.085 0.129 

 

Growth profiling in different temperatures 

The growth rates of fungal isolates were measured on PDA 

plates at temperatures ranging from 15 to 35°C. The study 

showed that the optimum temperature for growth of the two 

isolates was 25°C where the dry weight values were 326mg 

and 263mg for isolate A and isolate B respectively. But at 

37°C temperature, the growth rate decreased significantly; 

the value was 5mg for isolate A and 101 mg for isolate B. 
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Fig 3: Showing the growth pattern of isolated fungi A & B in different 

temperatures 
 

Growth profiling in different pH 

The pH is one of the most effective factor in determining 

growth pattern of the specific fungi. The pH values of PDA 

media were changed to 4, 5, 6, 7, 8, and 9 to evaluate the 

effect of pH to develop the growth environment. 

Interestingly, both of the fungal isolates showed maximum 

growth at pH value of 8 and the maximum dry weights of 

fungal isolates were about 367mg and 237mg, respectively. 

The findings are represented in fig 3. 

 

 
 

Fig 4: Showing the growth pattern of isolated fungi A & B in 

different pH levels 
 

Growth profiling in different carbohydrates 

To evaluate the effect of different carbohydrates on the 

mycelial growth, sucrose, fructose, lactose, maltose and 

starch were used instead of dextrose as a sole carbon source 

in PDA media. The isolate A showed maximum and 

minimum growth in lactose and starch containing media 

whereas the isolate B grew most in sucrose containing media. 

Besides that Isolate B had lower growth ability in maltose 

containing media comparatively than other carbohydrate 

containing modified PDA media. Results are given in fig 4. 

 

Growth profiling in different sugar concentrations 

The optimum sugar concentrations for the growth of the 

fungal isolates significantly varied. The isolate A fungus 

grew faster at 3% sugar concentration, but concentration was 

changed into 15% in case of isolate B. The results are shown 

in fig 5. 

 

 
 

Fig 5: Showing the growth pattern of isolated fungi A & B in 

different sugar concentrations 

 

Growth profiling in different salt types 

The salinity may influence fungal growth greatly through 

providing appropriate nutritive environment. Total five types 

of salt- CaCl2, MgCl2, NaCl, KCl and MgSO4 were used to 

measure the effect of salts on mycelia growth. For isolate A, 

the maximum growth was achieved due to the addition of 

CaCl2 among the salts, but Isolate B grew much better in 

MgCl2 containing media. Results are presented in fig 6. 

  

 
 

Fig 6: Showing the growth pattern of isolated fungi A & B in 

different salts 

 

Growth profiling in different organic acids 

It was observed that organic acids had greater inhibitory 

effect on the growth of both fungi. At 1% concentration of 

nicotinic acid, 100% growth inhibition of both fungal strains 

were observed whereas citric acid had lower inhibiting effect 

among the three organic acids used. The findings are showed 

in fig 7. 

  

 
 

Fig 7: Showing the growth pattern of isolated fungi A & B in 

different organic acids 
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Molecular identification of the two fungal isolates 

The genomic DNA isolated from the fungal isolates showed 

higher molecular weight and bright band on 1% agarose gel 

electrophoresis where 1kb DNA ladder was used as a marker. 

The universal primers, ITS-4 and ITS-5, were used to amplify 

a region of fungal genome named the 18S of ribosomal DNA 

gene of both isolate A and isolate B. The PCR amplified 

fragments of both the isolates yielded two single band of 

around 650bp (Fig. 8).  

 

 
 

Fig 8: PCR amplification of isolated fungi using ITS4/ ITS-5 

primers; (M) DNA ladder (Marker), (A) Isolate A and (B) Isolate 

B fungi 

 

Sequencing 

The sequenced nucleotide sequences were subjected for a 

BlastN search in GenBank (https://www.ncbi.nlm.nih.gov). 

The data analysis revealed that the 18S of rDNA sequence of 

isolate A showed 99% similarity with the original sequence 

of Fusarium equiseti whereas the rDNA sequence of isolate 

B showed 100% similarity with the original sequence of 

Fusarium oxysporum. 

 

Phylogenic analysis 

The sequences of related fungal strains were downloaded in 

FASTA format from GeneBank. After that the downloaded 

data were aligned to construct phylogenetic tree (Fig. 9AB). 

 

 
 

 
 

Fig 9: Phylogenetic tree for sequenced data (A) Isolate A and (B) 

Isolate B 

In vitro antifungal activity evaluation of plant extracts 

In the experiment, methanolic extract of different plants 

showed inhibition at different levels against the growth of 

two fungal isolates which given in graph 7. The extracts of 

Ficus racemosa, Cassia alata, Azadirachta indica, Hibiscus 

rosa-sinensis Moringa oleifera etc. had showed the highest 

percentages of mycelial inhibition against isolate A. But in 

case of isolate B, Senegalia catechu, Andrographis 

paniculata, Ficus racemosa etc. had highest inhibitory effects 

among all the plant extracts. Moringa oleifera had also 

prominent inhibitory effects on both fungal isolates. The 

result also showed that Andrographis paniculata and 

Senegalia catechu had lowest inhibitory effects on isolate A 

although they had highest rate of growth inhibition on isolate 

B. On the other hand, Coccinia grandis, Hibiscus rosa-

sinensis, Cassia alata etc. were found to be no or less 

effective against the mycelial growth of isolate B, but they 

showed promising positive effects on inhibition of vegetative 

growth of isolate A (fig 10). The leaf extract of Spondias 

mombin had been proved to be less effective in inhibiting 

mycelial growth for both isolates in comparison to the other 

plant extracts used. 

 

 
 

Fig 10: Showing the percentage of inhibition of isolates mycelial 

growth by plants extracts 

 

Discussion  

According to the latest census, the population of the 

Bangladesh is over 160 million with an average growing rate 

of 1.6% and the density of human population is 1033.5/km2 

[25]. The agricultural sector of the country plays a vital role in 

supplying not only the daily necessities of people but also in 

providing strength and stability to the economy. Bitter gourd 

is a very popular and costly vegetables for its food value and 

medicinal properties that are grown both in homesteads and 

in the fields. Although it is an important source of income for 

the farmers, its production and consumption are greatly 

hampered by various diseases, especially fusarium wilt and 

dumping off. Fusarium species are commonly associated 

with many economically important crop diseases, such as, 

vascular- wilt, root rot, stem- rot, and fruit and vegetable 

decay. The diseases have huge deleterious effects on yield 

and economic losses of farmers, hence study of distribution 

and diversity of these pathogenic species is very important [26-

27]. 

Morphological characters of F. equiseti observed showed 

resemblance with morphological characters reported by 

many researchers in their study carried out in the past for F. 

equiseti [26-27]. Fusarium wilt, also known as ‘fusariosis’ or 

‘sudden death’, starts with branch yellowing and wilt, until 

the whole plant dries, as a consequence of root and collar rot 
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[28]. The disease is observed in adult plants; however, under 

favorable conditions, such as soils with a disease history, and 

high temperature and moisture, young plants can die under 

the pathogen attack [29-30]. The colony of isolate A on PDA 

developed rapidly with whitish pink aerial mycelium at first, 

becoming tan to brown as the culture ages. In case of second 

sample, colony initially displayed white aerial mycelium, 

becoming salmon day by day. The morphological 

characteristics of fusarium isolates were similar with the 

information described by Leslie and Summerell [20]. The 

spores of the isolate A have slightly curved and relatively 

thick with a slightly hook cell. The macroconidial septation 

of isolate A ranged from 5 to 7. Narrower macroconidia were 

observed and septation ranged from 3 to 5 in isolate B. The 

shape characteristics of macroconidia of the isolate B was 

similar with those mentioned by Ciampi et al. [30] for 

Fusarium oxysporum. On the other hand, Ciampi et al. [30] 

and Aigbe et al. [26] reported the similar microscopic 

characters for F. equiseti isolated from cow pea in Nigeria. 

The environmental factors (temperature, pH etc.) [31] and 

culture medium composition have been found to determine 

the mycelial growth and sporulation of the concern phyto-

pathogens [31]. The different culture media also had a lot of 

influences on the morphological characteristic of mycelium 

of the isolated fungi that supported the findings of the 

experiment conducted by the Barros et al. [32] Our present 

experiment showed that maximum growth of the two isolated 

fungi were displayed at around 25°C whereas for both fungi 

that was almost similar with the previous studies [33-35]. 

Focusing on the effect of different pH level on physical 

growth rate, it was found that both fungi grew well in alkaline 

media. These findings were consistent with previous studies 

of Yamanaka [36] where it was found that the saprotrophic 

fungal species grew well at alkaline pH. Both of the two fungi 

showed significant variations in mycelial growth due to 

usages of different carbohydrate as a sole carbon source. 

Through the comparisons among literature and our studies, it 

was found that some fungi may utilize the carbohydrate, 

maltose followed by glucose uptake and metabolism. It 

demonstrated that some fungi could not use sucrose directly 

but glucose and fructose were readily consumed [37]. Lamb [39] 

observed growth of fungi on sucrose that is introduced by 

‘starter’ monosaccharide.  

In case of sugar concentrations, highest mycelial growth was 

found at 9% sugar concentration for isolate A whereas it was 

at 15 % for isolate B. The present study revealed that both 

isolates showed lower mycelial growth due to the addition of 

different salt which is consistent with the observation of 

Pelizza et al. [40] Organic acids inhibited the fungal growth 

through decreasing pH value. In this mechanism, it may 

influence the growth by acidifying the cell, which will 

consume a great amount of energy to maintain the 

intracellular pH homeostasis [41].  

The nucleotide BLAST search in GenBank using the 548bp 

and 537bp ITS sequences revealed that the isolate A and B 

fungal strains showed 99% and 100% identity with the 

sequences of Fusarium equiseti and Fusarium oxysporum, 

respectively. Similar result was found by Hasan et al. [42] in 

Cercospora leaf spot disease of okra which support our 

present findings. 

The fungicidal activity of some plant extracts controlling 

different plant pathogens have been reported by several 

researches [43-46]. Findings from the study confirmed that plant 

extracts can be used as natural fungicides to control 

pathogenic fungi, thus reducing the dependence on the 

synthetic fungicides [46]. In the experiment, methanolic 

extracts of Ficus racemosa, Moringa oleifera, Azadirachta 

indica, Cassia alata, Senegalia catechu etc. exhibited 

promising antifungal activities against the studied 

microorganisms.  

 

Conclusion 

In the present study, colony morphology and growth profiling 

of the two fungal isolates exhibited much differences when 

they were subjected to different conditions of culture medium 

and environmental factors. The addition or change in 

nutritive requirements influenced their overall growth 

pattern. Along with morpho-physiological characteristics, the 

advanced molecular technique-sequencing revealed the 

identity of fungal isolates as Fusarium equiseti and Fusarium 

oxysporum, respectively which are the causal agents of 

dumping off and fusarium wilt diseases in bitter gourd that 

cause significant decrease in quantity and quality of bitter 

gourd in Bangladesh, every year. In the present research 

work, it was also evaluated that some methanolic plant 

extracts displayed hopeful results in inhibiting the growth of 

these two fusarium fungal species.  
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