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A B S T R A C T 
 

Fruit spot disease of Phyllanthus emblica L. is one of theproblems, which reduce the quality 
of the fruits at pre-harvest period. Fungal pathogen was isolated using tissue planting 
methods during November 2016 to December 2017. The fungus, Thielaviopsis paradoxa 
was identified using both morphological and molecular characterization based on internal 
transcribe spacer (ITS) region of ribosomal DNA (rDNA). Mycelial growth of the isolated 
fungus was evaluated on six different fungal culture media viz, potato sucrose agar (PSA), 
Richard agar (RA), carrot agar (CA), potato dextrose agar (PDA), honey peptone agar (HPA) 
and Hansen’s agar (HA) in which RA and HPA media provided the utmost growth. The 
optimum temperature of the fungus was recorded at 25 to 35ºC. Alternate cycle of 12h/12h 
light dark and neutral to basic pH was preferred by the studied fungus. Aqueous crude 
extracts of three plants (garlic, black cumin, and turmeric) were evaluated against the 
isolated fungus in which the highest inhibition was recorded due to garlic extract. Two food 
preservatives (sodium benzoate and vinegar) were also tested in which sodium benzoate 
(100 mM) was most efficient for the inhibition of T. paradoxa. Therefore, garlic and food 
preservative-sodium benzoate could be used to control this fungal growth associated with 
amla fruits. To the best of our knowledge, occurrence of T. paradoxa on amla fruits is a new 
record in Bangladesh. 
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Introduction 
 

Amla known as Phyllanthus emblica L. belongs 
to the family Euphorbiaceae. This plant is 
originally native to India but also found in 
Pakistan, Uzbekistan, Sri Lanka, Southeast Asia 
China, West India, Japan, Madagascar and 
Malaysia (Krishnaveni and Mirunalini, 2012). In 
Bangladesh, it is cultivated in dry forests of 
Chattogram, Chattogram Hill Tracts, Cox’s Bazar, 
Sylhet, Dhaka-Tangail Sal forest, Dinajpur and 
homestead forest. It has an important position in 
Ayurveda- an Indian indigenous system of 
medicine, which prevents innumerable health 
disorders and used as a possible food additive or 
in nutraceuticals and biopharmaceutical 
industries (Dasaroju and Gottumukkala, 2014).  
Fruits contain high levels of sugars and nutrient 
elements and their low pH value make them 
susceptible for fungal attack and are being rotted 
(Singh and Sharma, 2007). Fungi not only 
blemish or cause rot to a number of fruits but 
also reduce their market value. Fungi also 

produce several toxins that may concern to 
human health. Pre-harvest fruit diseases 
generally occur in colder month January. Fungal 
diseases of amla fruit causes rot, blue mould, 
green mould diseases. These rot diseases 
occurred due to attacked of some pre-harvest and 
post-harvest pathogens, such as- Pestalotiopsis 
sp., Aspergillus sp., Penicillium sp., 
Cladosporium sp., Acremonium sp., Fusarium 
sp., Rhizopus sp., Mucor sp., Curvularia sp., 
Paecilomyces sp., etc. Among these, 
Pestalotiopsis sp. was discovered as pre-harvest 
pathogen, which creates rot disease of amla fruit 
(Verma and Verma, 2015).  
 

In Bangladesh, there was no record on 
association of genus- Thielaviopsis (family 
Ceratocystidaceae) on amla fruits. However, this 
notorious fungus has been known to having wide 
host ranges and causes disease on different plants 
such as pineapple black root, cacao wilt, kiwifruit 
plant wilt and responsible for economic losses 
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(Engelbrecht et al., 2007; Piveta et al., 2016; 
Oliveira et al., 2018). Paulin-Mahady et al. 
(2002) reported Certocystis adiposa in Prunus; 
C. albofundus in Acacia; C. coerulescens and C. 
pinicola in Pinus; C. eucalypti in Eucalyptus; C. 
paradoxa in Ananas; and C. radicicola in 
Phoenix. Ceratocystis manginecans was found as 
responsible for destructive monga wilt disease in 
Oman and Pakistan (Wyk et al., 2007). 
 

Plants extracts and essential oils perform 
antifungal activity against an extensive number of 
fungal diseases (Javaid and Iqbal, 2014; Javaid 
and Rauf, 2015). The antifungal activity of garlic 
extracts applied directly and through volatile 
release was tested against the growth of 
postharvest pathogens (Daniel et al., 2015). 
Turmeric used against fungal activity helps to 
control fungal spoilage and fungal growth. 
Extract of turmeric reduce fungal activity and 
most effective against Fusarium sp. 
(Moghadamtousi et al., 2014). Moreover, several 
preservatives are known to use to reduce the 
fungal activity. Many preservatives such as 
sodium benzoate, sodium bi-carbonate, sodium 
chloride, sodium nitrate, potassium sorbate, 
vinegar are used for reduction of antimicrobial 
activity (Stanojevic et al., 2009). Vinegar is used 
as protection of fungal pathogens in indoor 
micro-organisms (Rogawansami et al., 2015). 
Sodium benzoate and acetic acid are the most 
advantageous preservatives used as safe-
pesticides of fruit fungi (Nair, 2001). So, consider 
all of the above facts the present study dealt with 
the accurate identification based on 
morphological and molecular characterization, 
growth characteristics of the isolated fungus and 
the eco-friendly management practices. 
 

Materials and Methods 
 

Diseased samples were collected from trees 
located at Wildlife Rescue Centre (WRC) of 
Jahangirnagar University (JU), Bangladesh. 
Collected diseased fruits were separately packed 
in sterile polyethylene bags to avoid secondary 
infection. These samples then kept in the 
Laboratory of Mycology and Plant Pathology, 
Department of Botany, JU for further 
investigations. The method involved in studying 
the symptoms of amla fruit spot was conducted 
during the months of November 2016 to 
December 2017. Tissue planting methodwas used 
to isolate fungal pathogens; subculture was 
maintained on PDA medium; the pure culture 
was stored in refrigerator at -40C. Isolated fungus 
from the infected tissues of amla fruit samples 
was identifiedbased on colony morphology, 
morphological characteristic of conidia. For 
molecular characterization, fungal genomic DNA 
samples were extracted using DNA extraction Kit 
(Promega, Madison, USA). DNA concentrations 
were measured using Nano Drop Spectro-
photometer (ND2000, Thermo Scientific, USA). 

The primer ITS4 (5-TCCTCCGCTTATTGATATG 
C-3) and ITS5 (5-GGAAGTAAAAGTCGTAACAA 
GG-3) were used for the PCR reaction (Sikder et 
al., 2019). PCR was performed using a thermal 
cycler (Veriti thermal cycler, Applied Biosystems, 
USA) with an initial denaturation stage of 5 min 
at 95°C, followed by 35 cycles of denaturation for 
30 sec at 94°C, annealing for 30 sec at 52°C, 
extension for 1 min at 72°C and a final 10 min 
extension at 72°C. Amplification products were 
analyzed by gel electrophoreses on a 1.5% agarose 
gel with a 1 kb DNA ladder as a marker. The 
purified PCR products of approximately 650 bp 
were sequenced by using 2 primers in First BASE 
Laboratories SdnBhd (Malaysia). Sequencing 
data were BLASTn searched on NCBI Genebank 
database. The phylogenetic analysis was 
conducted using MEGA 6 software. 
 

Six different fungal culture media i.e. PDA, CA, 
PSA, RA, HPA, HA was used to assay the mycelial 
growth of the pathogen. The effects of 
temperature on the mycelial growth of 
Thielaviopsis paradoxa, experiment was 
conducted according to Alam et al. (2010). 
Different temperatures (15, 20, 25, 30 and 35ºC) 
was maintained for the mycelial growth of the 
pathogen on PDA in an incubator. The mycelial 
growth was recorded at 7 days post inoculation 
(dpi). The effect of light on the mycelial growth of 
the pathogen was done by exposing the 
inoculated culture to three different light regimes 
i.e. 24 h light, 24 h dark and 12 h light and 12 h 
dark in an growth chamber at room temperature 
(25 ± 2°C) was maintained (Singha et al., 2013). 
The effect of pH on the growth of the pathogen 
was assayed on PDA medium. Different pH levels 
viz., 5.0, 6.0, 7.0, 8.0 and 9.0 were used (Alam 
and Rahman, 2020).  
 

A total of three extracts of plant parts namely, 
rhizome of turmeric- Curcuma longa L., seeds of 
black cumin- Nigella sativa L. and bulb of garlic- 
Allium sativum L. were selected for the 
evaluation of the efficacy of aqueous plant extract 
against Thielaviopsis paradoxa. The desired part 
of each plant was thoroughly washed in tap 
water, air dried and then used for fresh extract 
preparation. Rhizome, seeds and bulb of that 
plant parts were prepared by crushing known 
weight of fresh materials with distilled water ratio 
of 1:1 (w/v). The pulverized mass of a plant part 
was squeezed through fine cloth to remove 
particulate matter. The supernatants were 
filtered through filter paper. Finally, the requisite 
amount of the filtrate of each plant extract was 
mixed with PDA medium to get 10, 20 and 30% 
concentrations. Medium was prepared with plant 
extract and poured into sterilized Petri plates and 
allowed to solidify. Then, test fungus was 
inoculated into Petri plates. Inoculated Petri 
plates were incubated at 25± 2ºC and measured 
the radial growth after 7 days of inoculation. 
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A total of two preservative chemicals namely-
sodium benzoate and acetic acid (vinegar) were 
selected for evaluating their effects on the growth 
of test pathogens associated with amla fruits. 
Three different doses of these chemicals (50, 75, 
100 mM) were mixed with PDA, poured into 
sterilized Petri plates, and allowed to solidify. 
Inoculation, incubation, data were taken as 
similar to plant extracts. Inhibition percent was 
calculated by the following formulae- 
 

 
 

in which I= percentage of mycelium growth 
inhibition; C= growth of mycelium in control; 
and T= growth of mycelium in treatments.  
 

Data generated during the experiment were 
checked for normality and homogeneity of 
variance. Data on effects of culture media, light, 

temperature, pH, hydrophilic plant extract, 
chemical preservatives on mycelial growth and 
inhibition of the mycelial growth of isolated 
pathogens were found to be normal and were 
analyzed using statistical package R. 
 

Results and Discussion 
 

Black colored spots with black margin appeared 
in the diseased amla with slightly sunken. Slow 
growing vegetative growth was found on PDA 
medium (Fig. 1). Mycelium is greyish in color on 
PDA. Conidiophores are straight, hyaline to light 
brown in color. Conidia are cylindrical-oval to 
ellipsoidal, light brown in color and in chain 
forms or scattered (Fig. 1). Once isolated, the 
fungus was identified as genus- Thielaviopsis, 
based on its morphological characteristics. The 
teleomorph of genus- Thielaviopsisis known as 
genus- Ceratocystis. 

 

 
 

Fig. 1. Symptoms and morphological characteristics of black spot disease of amla fruits caused by 
Thielaviopsis paradoxa. A: Symptoms of black spot disease of amla fruits collected from trees; B: 
Vegetative growth of T. paradoxa on PDA medium, and C: Microscopic view of conidia and mycelium. 
 

We received NCBI accession of the studied 
fungus- MH368110 Thielaviopsis paradoxa 
which showed 99% sequence similarity with 
KC415073.1 Ceratocystis paradoxa, KR183792.1 
Thielaviopsis paradoxa and GU567771.1 
Ceratocystis paradoxa. Once phylogenetic trees 
were generated after retrieving sequence data 
from NCBI, we further confirmed the homology 
with previously identified fungus (Fig. 2). In 
maximum parsimony tree, there was four 
different clades found in which our organism 

formed cluster with T. paradoxa (telomorph: C. 
paradoxa) group with bootstrap value of 94. 
Second clades consist of T. thielavioides group; 
third group having T. resinifera group and forth 
groups with T. basicola group. ITS sequences are 
genetically constant or show little variation 
within species, but vary between species in a 
genus (Alam et al., 2009).Genetic diversity 
within a group is probably due to an efficient 
gene flow and to a high genetic compatibility 
within the strains tested. 

 
 

 

Fig. 2. Maximum parsimony tree of the 18S rDNA sequence of the studied organism with bootstrap 
value. Our organism (MH368110) market with this study. 
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The association of Thielaviopsis paradoxa was 
confirmed by pathogenicity test through Koch 
Postulates.In our experiment, detached fruit 
inoculation technique was used. The inoculated 
fruits were kept in laboratory conditions 
(25±2°C) for seven days and pathogens were re-
isolated. Earlier workers had described similar 
technique. The pathogenicity of the isolated 
fungus was tested following modified “detached 
leaf technique” and inoculated fungal block as 
described by Aktar and Shamsi (2014) in their 
experiment.  
 

The effect of six different culture media viz., PSA, 
RA, CA, PDA, HPA and HA on mycelial growth of 
Thielaviopsis paradoxa was evaluated and the 
statistical differences among the culture media 
was found at 7 days post incubation (dpi) (Fig. 3). 
The greatest mean vegetative growth (79.83 mm) 
of the tested fungus was found on RA medium 
which is statistical significance compared to 
others media evaluated at 7 dpi. The second 
mycelial growth of the fungus was obtained on 
CA media. Most extensively used media-PDA did 
not supported profuse mycelial growth and the 
lowest mycelial growth (50.67 mm) was found on 

HPA medium at 7 dpi. There was difference 
among six different culture media based on the 
color and pattern on mycelial growth. The color 
of the studied fungus was greyish on PSA, RA, CA 
and PDA; on the other hand, it was whitish in 
color on both HPA and HA media. The fluffy 
pattern of the mycelial growth was observed in 
case of HPA and HA media (Fig. 4). Present 
results in partially agreement with the findings of 
Javaid and Rauf (2015), which tested six different 
media (solid and broth) in which malt extract 
agar media supported the best growth of 
Ceratocystis manginecans, followed by carrot 
juice agar. In another study, potato dextrose agar 
amended with streptomycin (SPDA) media and 
carrot discs technique were used for isolation of 
Ceratocystis fimbriata during their research 
work (Masood et al., 2010) in which carrot 
provided the significantly higher frequency of C. 
fimbriata growth. Our results are contradictory 
with the findings of Bijaya (2005) who tested ten 
different fungal culture media in which PDA was 
found as best media for the growth and 
sporulation of T. paradoxa. 

 

 
 

Fig. 3. Effect of culture media on mycelial growth (mm) of Thielaviopsis paradoxa. Value represents 
in box-plot as mean, 1st quartile and 3rd quartile of six replications. CA, Carrot agar; HA, Hansen’s 
agar; HPA, Honey peptone agar; PSA, Potato sucrose agar; RA, Richard agar. 
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Fig. 4. Effect of culture media on mycelial growth of Thielaviopsis paradoxa at 7 dpi. A, Potato 
sucrose agar; B, Richard agar; C, Carrot agar; D, Potato dextrose agar; E, Honey peptone agar; and F, 
Hansen’s agar. 
 

In current study, the optimum temperature for 
vegetative growth of the studied fungus was 
obtained in the range of 15 to 35°C, which was 
significantly differ from 15 and 20°C at 7 dpi (Fig. 
5). At 15°C temperature, the mycelial growth was 
inhibited extremely, maximum mycelia growth 
was recorded at 35°C. Present results are in 
conformity with the findings of Tzeng and Sun 
(2010), which cited that the optimum 
temperature for hyphal growth of Thielaviopsis 
paradoxa was found at 25 to 30°C.This fungus 
did not grow at temperatures lower than 10°C or 

higher than 35°C. Yadahalli et al. (2007) reported 
the maximum vegetative growth of Thielaviopsis 
paradoxa, causing sett rot of sugarcane, at 
temperature of 25-30°C. The optimum 
temperatures are important criteria for 
understanding the ecology of spoilage fungi, 
especially mycotoxigenic species as mentioned by 
Ahmed and Naresh (2009). There is always an 
optimum temperature for the best growth of any 
fungus as temperature has a regulatory effect on 
fungal growth and development. 

 

 
 

Fig. 5. Effect of temperature on mycelial growth (mm) of Thielaviopsis paradoxa under five different 
temperature conditions at 7 dpi. Value represents in box-plot as mean, 1st quartile and 3rd quartile of 
six replications. 
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Light is a very important signal for every living 
cell, and since optimal adaptation to both the 
beneficial and harmful effects of light 
significantly enhances fitness of an organism, it 
can be considered crucial for successful 
competition and survival in nature. The 
experimental plates were exposed and incubated 
under three different light conditions viz., 24 
hours light (complete light), 24 hours dark 
(complete dark) and 12/12 hours alternate cycle 
of light and dark. Significance difference was 
observed among three different treatments (Fig. 
6). Under 12/12 hours light-dark condition, 
Thielaviopsis paradoxa showed the outmost 
mycelial growth (90 mm), followed by 76 mm 

under complete dark condition at 7 dpi. 
Interestingly, the mycelial growth was 
suppressed (66.50 mm) under complete light 
exposure condition at 7 dpi.  Our results are 
partially supported by Bachiller (1998), who 
reported that continuous light as well as alternate 
light and darkness greatly boosted the vegetative 
growth and sporulation of C. paradoxa on PDA. 
Sporulation of this fungus was good at both 
continuous light and alternate cycles of light and 
darkness. Results revealed that T. paradoxa grew 
well and sporulated more in alternate light and 
dark for 12 h, but fewer sporulations was 
observed in continuous light. 
 

 

 
 

Fig. 6. Effect of light on mycelial growth (mm) of Thielaviopsis paradoxa under different light 
regimes at 7 dpi. Value represents in box-plot as mean, 1st quartile and 3rd quartile of six replications. 
 

pH is also one of key criteria for understanding 
the ecology of spoilage fungi, however, in present 
study, the experimental plates were incubated at 
five different pH level viz., 5, 6, 7, 8 and 9. 
Growth of Thielaviopsis paradoxa was 
suppressed at pH 5, intermediate growth pattern 
observed from pH 6 to pH 8, and the maximum 
mycelial growth was found at pH9 (Fig. 7). These 
results are in disagreement with the earlier 

reports of Sonyal et al. (2015) who obtained the 
maximum growth of Ceratocystis fimbriata at 
pH 7.5, followed by pH 7.0 and pH 8.0. The 
growth of the fungus was declined from pH 5.5 to 
pH 2.0 and above pH 9.0. Yadahalli et al.(2007) 
noticed the maximum mycelial growth of 
Ceratocystis paradoxa when the pH of the media 
was between 6.0 and 7.5. Result indicated that 
this grew well at basic condition.  
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Fig. 7. Effect of pH on mycelial growth (mm) of P. Thielaviopsis paradoxa under five different pH 
conditions at 7 dpi. Value represents in box-plot as mean, 1st quartile and 3rd quartile of six 
replications. 
 

Three different concentrations (10%, 20% and 
30%) of the selected plant parts namely, rhizome 
of turmeric- Curcuma longa L., seeds of black 
cumin- Nigella sativa L. and bulb of garlic- 
Allium sativum L. were used for evaluation of 
efficacy on the mycelial inhibition of 
Thielaviopsis paradoxa. There were positive 
trends of mycelial growth inhibition were noticed 
with increasing doses of plant extract. Both 
turmeric and black cumin did not able to inhibit 
mycelial growth at 10% and 20% crude extracts 
concentration (Fig. 8). However, only higher 
concentration (30%) provided a certain level of 
mycelial inhibition of tested fungus. 
Interestingly, there was increasing trends of 
mycelial growth inhibition of tested fungi with 
increasing concentration of garlic. Garlic extract 
provided positive results in respect of vegetative 
growth inhibition of T. paradoxa in which 
around 80% mycelial growth restriction was 
recorded due to higher dose of garlic, followed by 

78% and 65% for 20% and 10% garlic crude 
extract, respectively (Fig. 8). In our study, there 
were no striking outcomes of the efficacy of black 
cumin and turmeric crude extracts. However, 
earlier workers had been reported the positive 
impact of those plant extract. Shokri et al. (2012) 
reported that the major components of the 
essential oil obtained from black cumin seeds are 
thymoquinone, p-cymene, trans-anethole and γ-
terpinene. These components possessed 
moderate in vitro and in vivo inhibitory activity 
against pathogenic yeasts, dermatophytes, non-
dermatophytic filamentous fungi and aflatoxin-
producing fungi. Present studies regarding the 
significant impact of garlic on the tested fungus 
are in conformity with earlier reports. It has been 
reported that garlic contains of more than 200 
compounds, some of which are volatile 
substances such as allicin, ajoene and alliin, 
which is considered to be the main active 
ingredient in garlic (Goncagul and Ayaz, 2010).  

 

 
 

Fig. 8. Effect of selected plant parts extracts on mycelial growth of Thielaviopsis paradoxa at 7 dpi.  
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Preservative agents commonly used include weak 
organic acids such as acetic, lactic, benzoic and 
citric acids, which inhibit the microbial growth in 
various foods. In the present study, there was an 
increasing trends of mycelial growth inhibition 
observed with increasing doses of food 
preservatives (Fig. 9). Lower doses (50 and 75 
mM) of vinegar (acetic acid) did not show 
promising inhibition of the tested fungus. 
However, fifty percent mycelial inhibition of 
Thielaviopsis paradoxa was recorded by higher 
dose (100 mM concentration) of vinegar. On the 
other hand, sodium benzoate showed very 
striking results. Lower dose (50 mM) of sodium 

benzoate was able to restrict 80% mycelial 
growth of the studied fungus and the higher dose 
(100 mM) was completely inhibited the 
vegetative growth of it (Fig. 9). The effect of 
organic acids on the fungal growth, which 
contaminate food and feed, have been 
investigated by several authors (Gupta et al., 
2012; Khosravi et al., 2013). Organic acids, which 
used in food preservation is considered; simple, 
fast, acid, cheap and efficient. Moreover, most of 
them are not limited in the acceptable daily 
intake for humans. These characteristics favour 
their use in food preservation. 

 

 
 

Fig. 9.Effect of acetic acid and sodium benzoate on mycelial growth of Thielaviopsis paradoxa at 7 dpi. 
 
Based on molecular identification, our isolated 
fungus was identified as Thielaviopsis paradoxa. 
To our knowledge, this is the first report of 
Thielaviopsis paradoxa (telemorph: C. 
paradoxa) causing black spot disease on amla 
fruits in Bangladesh.  
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