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The sample of the current study included five different flower plants; Narcissus tazetta (family: 
Amaryllidaceae); Phacelia tanacetifolia (family:Hydrophyllaceae) ;Tropaeolum majus 
(family:Tropaeolaceae); Abelmoschus esculentus (Family: Malvaceae) and Datura stramonium 
(family:Solanaceae), which were collected from the Apiary of Suez Canal University and the Botanical 
garden of Botany Department, Faculty of science, Suez Canal University. Two promising fungal 
endophtes viz Epicoccum nigrum, Trichoderma asperellum as well as one fungal epiphyte called 
Chaetomium madrasense, were isolated from different flowers named T. majus, P. tanacetifolia and 
P.Tanacetifolia  respectively.  Moreover, their activity in a dual culture (in vitro assay).  was tested 
against a plant pathogen   Lasiodiplodia theobromae, which isolated from both N. tazetta and P. 
tanacetifolia flowers.  They showed different rates of growth inhibition, for instance; E. nigrum, showed 
82.875% while T. asperellum showed 81.625% and C. madrasense 60.875% respectively. Crude culture 
filtrates of the three fungal isolates were applied to the artificially infected L. theobromae flowers (in vivo 
assay). Both E. nigrum and T.asperellum showed significant inhibition of disease severity without 
causing any negative effects on intact flowers. The metabolic profiles of the three fungal isolates were 
analyzed by GC-MS. The antifungal volatile compound (6-Pentyl-2H-pyran-2-one) was recorded from T. 
asperellum, with a high peak area ratio of 43.47%. In addition, 2,4-Di-tert-butylphenol was recorded from 
E. nigrum, with a high peak area of 23.10% whereas Phthalic acid, di (2 propylpentyl) ester was 
recorded from C. madrasense with a high peak area of 31.86%.  
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INTRODUCTION 

Since ancient times and till now, flowers were 
always regarded as a remarkable entity and a gift 
from nature due to the fundamental role they play 
in many discplines, such as health, religion, art 
and ornamentation. Studying plant microbiome 
was broght into focus by many researchers who 
conducted multiple revolutionary studies in order 
to solve the mysteries of the biological world. In 
addition, there is a controversy over plant 
symbiosis with microbes which requires a further 
investigation. 

 

Floral microorganisms can be endophytic or 
epiphytic. The Endophytic microorganisms that 
live in pants are found within the floral tissues, 
whereas epiphytic microorganisms are found on 
the surface of all floral structures (petals, sepals, 
carpels and stamens) (Russell and Ashman, 
2019), and inside the nectar (Rering et al. 2018). 
These floral microorganisms may use floral 
volatiles and other exudates, generally small 
sugars and amino acids, in their activities. 

Endophytic fungi play an essential role in 
protecting plants from pathogens and pests. 
Furthermore, they supply the host with nutrients 
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as well as stimulate plant resistance to pathogens, 
cold and drought, and stimulate plant growth by 
secreting hormones or supplying nutrients to the 
host plant (Azevedo and Araújo, 2007; 
Suryanarayanan et al. 2012).  

Nonetheless, the microbiome of root and leaf 
interactions is commonly studied by many 
researchers, few studies investigated flower 
microbiome; however, it plays multiple essential 
roles as mutualistic pollinators, florivores, and 
nectar robbers, which alter the dynamic microbial 
inhabitants of these aromatic interfaces (Varma et 
al. 2019). The anthosphere region around flowers 
is colonized by a large variety of microbes, as well 
as some members of the genera Pseudomonas 
and Acinetobacter (Proteobacteria), 
Metschnikowia (Ascomycota), and Cryptococcus 
(Basidiomycota), were permanent members of the 
flower Microbiome in several agricultural and 
ornamental plants (Shade et al.2013). 

Fungal population is the highest in 
anthosphere while bacteria comes second (Ushio 
et al. 2015), as the fungal diversity changes based 
on the components of the flower. (Pozo et 
al.2012).  Anthosphere interactions are not limited 
to epiphytic microbes, however novel endophytic 
microbes with potential sources of benefical 
bioactive metabolites were also reported among 
the flower microbiome. Kumar and Hyde (2004) 
isolated some endophytic fungi such as the 
Pestalotiopsis disseminate, Phomopsis sp. and 
Coelomycete sp from Tripterygium wilfordii 
flowers and studied their biological activities.  

The fungal pathogen Lasiodiplodia 
theobromae was associated with multiple plant 
diseases in a variety of hosts. Conifers are 
assumed to be particularly susceptible to 
infection, the true parasitic status of the fungus is 
still largely un determined.  In South Africa, L. 
theobromae is associated with Pinus elliottii seed 
discoloration and reduced germination ( Cilliers et 
al.1993 ). 

Biological control is defined as the direct or 
indirect prevention of a disease or pathogen that 
causes the disease via another organism 
(antagonist) or group of organisms. Biological 
control is an interesting tool to compensate for the 
declining use of traditional control methods both in 
organic and conventional agriculture. Moreover, 
biological control is not effective when it is applied 
in organic agriculture, as well as in systems where 
disease resistance is cannot be obtained in the 
host, and where fungicide resistance is common 
in the pathogen populations (Latz et al.2018). 
The main objective in the current study was to 

identify a promising flower inhabiting endophytic 
and epiphytic fungi that capable of producing 
antifungal metabolites, and to examine its 
biological activity against L. theobromae, a flower 
pathogen, in vitro and under field condition. Then, 
analyze the metabolic profiles of three fungi via 
GC-MS.  

MATERIALS AND METHODS 

Identification of flowers 
  Flowers from five different plants: Narcissus 

tazetta (family: Amaryllidaceae), Phacelia 
tanacetifolia (family:Hydrophyllaceae) , 
Tropaeolum majus (family:Tropaeolaceae), 
Abelmoschus esculentus (Family: Malvaceae) and 
Datura stramonium (family:Solanaceae), were 
collected from the Apiary of Suez Canal University 
and the Botanical garden of Botany Department, 
Faculty of science, Suez Canal University. The 
flowers were collected during the different 
seasons; winter, spring and summer, from 
botanical garden of SCU at Ismailia, Egypt and 
certified by the Botany Department of Science 
facualty   and a voucher specimen (No: BJ/1/2019 
, BJ/2/2019,  and BJ/3/2019 respectively,  were 
kept in the herbarium for future reference. 

Collected flowers were returned back to the 
laboratory in sterile plastic bags to isolate the 
culturable mycobiome. 

Microorganisms and Culture Conditions: 
The fungi used in this study were isolated 

from three different flowers namely; Narcissus 
tazetta (family: Amaryllidaceae), Phacelia 
tanacetifolia (family:Hydrophyllaceae), 
Tropaeolum majus (family:Tropaeolaceae). 

 Fungal endophytes & epiphytes were isolated 
from flower petals according to Kannan et al. 
(2011). The pathogen was isolated from N. tazetta 
and P. tanacetifolia flowers that showed blight 
lesions on petals according to Ismail et al. (2012). 
The collected fungi were identified microscopically 
in the light of cultural and morphological 
characteristics. The most promising isolates were 
identified at the species level using the ITS1/ITS2 
primers and NS1/NS7 primers that were applied 
to amplify the internal transcribed spacers ITS 
region and 18S rRNA, respectively according to 
Kouadria et al.(2018).  

Pathogenicity test of Lasidiplodia theobromae:  
Lasidiplodia  theobromae was isolated from 

both N. tazetta and P. tanacetifolia flowers, 
therefore pathogenicity test was required to 
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confirm its pathogenicity. Koch's postulates were 
applied to two flowers. Fungal spores were 
collected from 7-day old L. theobromae by 
flooding PDA culture medium with 100 ml 
sterilized distilled water containing two drops of 
tween 80 to make a spore suspension. The 
strength of the spore suspension was adjusted to 

1 × 106 colony‐forming units, moreover the spore 
suspension was sprayed on healthy N. tazetta 
and P. tanacetifolia flowers until run off and then 
covered with plastic bags to retain moisture and 
opaque paper bags to protect from light. Symptom 
development was observed daily for up to 10 days 
(Woodward et al. 2005). 

Dual culture assay  
Three species of fungal were selected out of 

the 20 isolates, based on their antagonistic activity 
in in vitro assay against L. theobromae, using the 
direct opposition method (Landum et al. 2016). A 
mycelial disc (7 mm) was placed from the edge of 
an actively growing colony of L. theobromae about 
1 cm away from the wall of a 9 cm PDA plate, on 
the opposite side a disk of similar size was placed 
for the antifungal species. Plates were incubated 
at 28 ◦C and three replicates were used for each 
tested fungus. Control tests were also performed 
using L. theobromae alone. To estimate the 
percentage of growth inhibition, the radial growth 
of L. theobromae was measured with both 
isolated fungi and control plates using a ruler and 
recorded consecutively on day five. The 
percentage of inhibition was calculated using the 
following formula: 

I = R1 − R2 × 100 
        R1 
Where, I: inhibition percentage, R1: colony 

radius in control, R2: colony radius in test, three 
replicates for each fungus tested. 

Antagonistic activity of fungal secondary 
metabolites (in vitro assay).  

Secondary metabolite extractions were 
performed from three fungal species based on the 
method of Narendran and Kathiresan (2016). In 
brief, 5 mm agar cultures were inoculated on PDB 
and incubated for 28 days at room temperature for 
28 days, after that the medium was filtered using 
Whattman No.1 filter paper. The filtrates were 
poured into a 1000 ml separation funnels into 
which an equal volume of ethyl acetate was 
added. The aqueous phase was discarded, and 
the last step was repeated twice again. The 
solvent was evaporated in a water bath at 40°C. 
The dry residues were maintained at 4°C. 

Suppression of mycelial growth of L. theobromae 
by fungal crude extracts using method of Zhang et 
al. (2013).   

Discs (5mm in diameter) impregnated with 40 
μg /disc with different concentrations (10, 100 and 
1000 μg/ml) of fungal extracts, dissolved in 
dimethyl sulphoxide (DMSO), were placed on 
surface of 9 cm petri dishes containing PDA 
culture medium. A 7 mm disc was perforated from 
the edge of a 7-day-old L. theobromae farm with a 
cork borer and placed in the middle of a Petri dish. 
Plates were incubated at 28°C and the diameters 
of the inhibition zones were measured after 5 
days. Discs containing DMSO without test 
compound served as negative control and (100 
mg/liter) cycloheximide served as a positive 
control. 

Antagonistic potential of fungal secondary 
metabolites (in vivo assay).  

The most promising fungal species; 
Trichoderma asperellum, Chaetomium 
madrasense and Epicoccum nigrum, were 
cultured in 250 ml Erlenmeyer flasks that contain 
150 ml potato dextrose broth (PDB) culture 
medium and incubated for 3 weeks without 
shaking. Fungal cultures were filtered through a 
whatman No. 1 filter paper to remove fungal 
mycelium, then with Millipore filter (22μm) to 
remove fungal spores. Crude culture filtrates were 
sprayed on day 2 on artificially infected flowers of 
N. tazetta, P. tanacetifolia with L. theobromae until 
runoff. Four different controls were designed; the 
first one was a pathogen infected flowers without 
any treatment; the second control were healthy 
flowers sprayed with water; the third control was 
healthy flower sprayed with PDB and the final 
control was healthy flowers sprayed with crude 
culture filtrates from the three promising isolates. 

.Metabolic profiles of endophytic fungi by GC-
MS analysis: 

Secondary metabolites collected from T. 
asperellum, E. nigrum and Ch.madrasense were 
analyzed at the Regional Center for Mycology and 
Biotechnology, Al-Azhar University, Cairo, Egypt 
to detect the concentration and nature of 
antifungal metabolites.  The chemical composition 
of samples was performed using a Trace 
GC1310-ISQ mass spectrometer (Thermo 
Scientific, Austin, TX, USA), with a direct capillary 
column TG–5MS (30 m x 0.25 mm x 0.25 μm film 
thickness). The components were determined by 
comparing their retention times and their mass 
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spectra with those in the mass spectral database 
WILEY 09 and NIST 11 (Rukshana et al. 2017). 

Statistical analysis 
     The data collected was analyzed using 

One-way analysis of variance. Comparisons were 
processed using the Duncan multiple range test 
(Duncan, 1955).  

 
RESULTS  

Identification of flowers: 
  Flowers from five different plants: Narcissus 

tazetta (family: Amaryllidaceae), Phacelia 
tanacetifolia (family:Hydrophyllaceae) , 
Tropaeolum majus (family:Tropaeolaceae), 
Abelmoschus esculentus (Family: Malvaceae) and 
Datura stramonium (family:Solanaceae), which 
were collected from the Apiary of Suez Canal 
University and the Botanical garden of Botany 
Department, Faculty of science, Suez Canal 
University. 

Frequency of Occurrence of Fungal Isolates:  
The total number of fungi recorded from the 

five studied flowers was 12 fungal isolates, The 
most common fungal isolate was Penicillim sp. It 
is followed by A. flavus, Cladosporium sp. and 
Drechslera sp., while the least frequent fungal 
isolates were A. terius, T. asperellum, C. 
madrasense and E. nigrum as shown in Table:1  

 
Table 1: Frequency percentage of isolated 

fungi 
No Fungal isolates Frequency   % 

1 A. flavus 12.50 

2 Cladosporium sp 12.50 

3 A. niger 9.38 

4 Drechslera sp 12.50 

5 Penicillim sp 15.63 

6 A. terius 3.13 

7 Alternaria sp 12.50 

8 Ulocladium sp. 6.25 

9 T. asperellum 3.13 

10 C. madrasense 3.13 

11 E. nigrum 3.13 

12 L. theobromae 6.25 

 
Two promising fungal endophtes such as 

Epicoccum nigrum and Trichoderma asperellum 
as well as one epiphytic isolate called  
Chaetomium madrasense were isolated from 
different flowers; T. majus, P. tanacetifolia, and 
P.tanacetifolia  respectively. In addition, one 
isolate previously recorded as a pathogen called 

Lasiodiplodia theobromae was isolated from both 
flowers N. tazetta and P. tanacetifolia. The identity 
of the three isolated  fungi  was morphologically 
determined and then confirmed by PCR and 
sequencing. Blast analysis revealed that the 
trimmed sequences of the promising 3 fungal 
isolates were affiliated to Trichoderma asperellum 
with 100% similarity to their closest species in 
data base, with entry number ( MT002680)  
Epicoccum nigrum with 100% similarity with  entry 
number ( MT023433) and Chaetomium 
madrasense with 99.82% similarity  with entry 
number ( MT023435 )  (Fig.1) 

Pathogenicity of L. theobromae by Koch's 
postulates: 

The plant phytopathogen: L. theobromae was 
tested by applying Koch's postulates, after 
oneweek, typical symptoms of flower blight were 
recorded on both N. tazetta and P.Tanacetifolia 
flowers. Black lesions appeared on petals, then 
followed by premature death of flowers. The 
causative agent re-isolation and re-identification 
demonstrated that isolation of L. theobromae was 
pathogenic to the flower and was the causal agent 
of flower blight (Fig.2). 

Dual culture assay: 
Isolated fungi were tested for bioactivity 

against L. theobromae using a dual culture 
technique. The highest growth inhibition 
percentages were 82.92 ± 0.83 % and 81.67 ± 
1.82 % performed by endophytic E. nigrum , 
isolated from flowers of T. majus, and endophytic 
T. asperellum , isolated from flowers of P. 
tanacetifolia, respectively. This was followed by 
60.83 ± 0.83% performed by epiphytic C. 
madrasense isolated from flowers of P. 
tanacetifolia. In contrast to, the lowest growth 
inhibition was 11.67 ± 0.42% by epiphytic 
Cladosporium sp. isolated from N. tazetta flowers 
(Fig.3-8). 

Antagonistic activity of fungal secondary 
metabolites (in vitro assay): 

 Ethyl acetate extracts of the most effective 
fungal isolates were applied and tested against 
the pathogen L. theobromae . The results had 
shown that both T. asperellum and E. nigrum 
extracts performed highest bioactivity against the 
pathogen L. theobromae compared to positive 
control Cyclohexamide. On the other hand, C. 
madrasense had the least bioactivity compared to 
the positive control.  The results also showed that 
all extracts were effective in high concentrations 
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as (100  μg/ml and 1000 μg/ml) and were able to 
inhibit the growth of the pathogen while low 
concentration  as (10 μg/ml) was not effective in 
any fungal extracts and could not restrict growth 

of the pathogen (Fig.9 ). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1: A: Trichoderma sp. macro-morphology, B: Trichoderma sp. micro-morphology, C: 
Chaetomium sp. macro-morphology,D: Chaetomium sp. micro-morphology, E:Epicoccum sp. 

macro-morphology, F: Epicoccum sp. micro-morphology, G: Lasiodiplodia theobromae macro-
morphology, H: Lasiodiplodia theobromae micro-morphology 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 2: A, B, and C: Pathogenicity testing of L. theobromae on N. tazetta 
. D, E and F: Pathogenicity testing of L. theobromae on P. Tanacetifolia 

H 

A 

F E G 

B C D 

A C B 

D E F 

A A 



Nada et al.                        Fungal-volatile-mediated- flower protection against Lasiodiplodia infection 

 

    Bioscience Research, 2020 volume 18(1): 21-33                                                             26 

 

 

 
Figure 3: The percentage of Inhibition of L. theobromae by different fungal isolates from flowers of 

Narcissus tazetta via dual culture technique 
 

 
 

Figure 4: Inhibition percentage of L. theobromae by different fungal isolates from flowers of 
Phacelia Tanacetifolia via dual culture technique. 

 

 
Figure 5 : The percentage of Inhibition of L. theobromae by different fungal isolates from 

Tropaeolum majus flowers via dual culture technique. 
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Figure 6 : The percentage of Inhibition of L. theobromae by different fungal isolates from 

Abelmoschus esculentus flowers via dual culture technique. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 : The percentage of Inhibition of L. theobromae by different fungal isolates from Datura 

stramonium flowers via dual culture technique. 

 
Figure 8: A.  Dual culture assay of E. nigrum against L. theobromae, B.  T. asperellum against L. 

theobromae, C: C. madrasense against L. theobromae, D: Negative control of L. theobromae 
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Figure 9:  A. Suppression of L. theobromae by T. asperellum B: Suppression of L. theobromae by 

Epicoccum sp., C: Suppression of L. theobromae by C. madrasense, D: Effect of DMSO, DMSO 
(10%) and Cyclohexamide 

 

 
 

 

 
Figure 10: Major phytochemical compounds identified from fungal culture extracts by GC-MS 

chromatogram of A. T. asperellum B: Ch. madrasense C: E. nigrum. 
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Table 2:   In vivo suppression of L. theobromae by crude culture filterate of T. asperellum, C. 

madrasense and E. nigrum on N. tazetta and P. tanacetifolia 
 

Flower name T (1) +P T (2) +P T (3) + P C.W C.M T (1) T (2) T (3) P 

N. tazetta 
No 

Infection 
Typical 

Infection 
No 

Infection 
- - - - - 

Typical 
Infection 

P. 
tanacetifolia 

No 
Infection 

Typical 
Infection 

No 
Infection 

- - - wilt - 
Typical 

Infection 

 
Where: T (1) +P: T. asperellum culture filterate+Pathogen (L. theobromae), T (2) +P: Ch. madrasense 

culture filterate+Pathogen (L. theobromae), T (3) + P: E. nigrum culture filterate+Pathogen (L. 
theobromae), C.W: control water, C.M: control media, T (1): T. asperellum culture filterate. T (2): C. 

madrasense culture filterate. T (3): E. nigrum culture filterate, P: L. theobromae 
 

Table 3: Major phytochemical compounds identified from promising fungal culture extracts by 
GC-MS chromatogram 

RT.  Retention time 
 

   
 

Compounds 
 

RT Area% 
T. 

asperellum 
Ch. 

madrasense 
E. nigrum 

6 amyl à pyrone(6- Pentyl-2H-pyran- 
2-one) 

15.12 43.47 +   

Sesquicineole 21.38 10.10 +   

Cetene 17.89 3.32 +  + 

Phenylethyl Alcohol 6.62 3.26 +   

3-Octadecene, (E)- 22.22 2.87 +   

1-Hexadecanol (Cetyl alcohol) 13.12 2.44 +  + 

2-(4- 
Methoxyphenyl) ethanol 

12.57 2.18 +   

Phthalic acid, di 
(2 propylpentyl) ester 

39.34 31.86  +  

Phthalic acid, hept-4-yl isobutyl 
Ester 

17.21 23.82  +  

Doconexent 
Docosahexaenoic acid (DHA) 

22.78 6.72  +  

Benzyl butyl phthalate 32.94 2.34  +  

Curcumenol 24.14 2.17  +  

Orcinol 12.93 2.15  + + 

2,4-Di-tert butylphenol 15.96 23.10   + 

Benzenepropanoic acid, 
3,5-bis(1,1- 

dimethylethyl)-4- hydrox 
y-, octadecyl ester 

52.92 20.74   + 

1,2- 
Benzenedicarboxylic acid, 
bis(2-methylpropyl) ester 

23.66 9.34   + 

9-Eicosene, (E)- 22.11 5.78   + 

Dibutyl phthalate 25.49 5.70   + 
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Antagonistic potential of fungal secondary 
metabolites (in vivo assay)  

Based on in vitro assay, and highest inhibition 
percentages, the three isolates were tested for the 
in vivo bioassay. The results revealed that E. 
nigrum and T. asperellum crude culture filtrates 
were effective in suppressing the disease caused 
by L. theobromae without causing any negative 
effect on the healthy flowers of N. tazetta and P. 
tanacetifolia while Ch. madrasense had no 
disease suppression activity; however, it had a 
deterioration effect (wilt symptoms) on healthy P. 
tanacetifolia flowers.  Table:2  

Metabolic profiles of the promising  fungal 
isolates by GC-MS analysis: 

Several chemical compounds were separated 
and identified from T.asperellum, it was revealed 
that most of the separated compounds have 
antimicrobial potentials, which could either have a 
direct antifungal role, or have synergistic effects 
with each other. 6- Pentyl-2H-pyran-2-one 
represents the highest area percentage estimated 
of 43.47% known to have a strong antifungal 
activity, followed by Sesquicineole at 10.10%, 
which has an antimicrobial potential. Moreover, 
2,4-Di-tertbutylphenol was also identified in a 
moderate amount, estimated by 2.94% which is 
widely used as antifungal agent.  Likewise, 
Chaetomium madrasense is able to produce 
some bioactive compounds such as Phthalic acid, 
di (2 propylpentyl), which represents the highest 
surface area ratio of 31.86 %, followed by Phthalic 
acid, hept-4-yl isobutyl ester which represents an 
area ratio of 17.21%. In addition, some 
compounds were separated from E. nigrum with a 
potent antifungal and antioxidant agent 2,4-Di-tert-
butylphenol, representing the highest surface area 
ratio of 23.10 %, followed by Dibutyl phthalate 
accounting for 5.70 %, which also had antifungal 
potential as displayed in Table 3 and Fig 10. 

   
DISCUSSION 

Many plant-related fungi have beneficial 
effects on plant growth by providing essential 
nutrients to the plant (Harrison,  2005); either 
indirectly by making them less susceptible to 
pathogens, or directly by protecting them through 
an antagonistic effect on pathogens (Wang et al. 
2013). Flowers receive a variety of visiting 
animals that include both pollinators and non-
pollinating florivores that have the potential to 
carry microbes to the flower (De vega and 

Herrera, 2012, 2013). two fungal endophytes; 
Epicoccum nigrum and Trichoderma asperellum 
as well as one fungal epiphyte namely 
Chaetomium madrasense, were isolated from 
different flowers; T. majus, P. tanacetifolia, and 
P.tanacetifolia  respectively, in addition to one of 
the pathogen Lasiodiplodia theobromae was 
isolated from both flowers N. tazetta and P. 
tanacetifolia since all of them were recorded from 
Isamilia air mycobiota (Abdul wahid etal, 1996). 
Fungal isolates, obtained from disinfected flowers, 
were considered endophytes while fungal isolates 
obtained from non-disinfected flowers were 
considered epiphytes. 

The pathogen L. theobromae was isolated 
from both N. tazetta and P. tanacetifolia flowers 
during winter and spring for two consecutive 
years. Flowers showed flower blight symptoms 
with lesions on petals, which consequently leads 
to flower premature death. This pathogen was 
previously isolated by Adeniyi et al.(2013). Direct 
inhibition tests (Dual culture) indicated that the 
three floral fungal isolates inhibited the mycelial 
growth of L. Theobroma to different degrees. The 
highest portions of pathogen growth inhibition 
were 82.9 %, 81.6 %, produced by E. nigrum, 
T.asperellum respectively, followed by Ch. 
madrasense (60.9%). The findings of the current 
study align with Kuswinanti et al. (2019) who 
reported the effective limitation of filamentous 
growth of L. theobromae by Trichoderma sp. with 
an inhibition rate of 66.84 % in the dual culture 
test. In the same context Adeniyi et al.(2013) 
reported that Tricoderma sp. was an active 
bioagent that reduced the radial growth of L. 
theobromae, by 60.36%. Furthermore, Bhadra et 
al.(2014) tested the antagonistic activity of 
different Trichoderma species against the 
pathogen L. theobromae, all the tested 
Trichoderma isolates showed inhibitory effects 
against L.theobromae ranging between 60-75%. 

The mode of action of T. asperellum can be 
attributed to mycoparasitism and competition for 
space and nutrients in dual culture as reported by 
Bhadra et al. (2014) Whereas E. nigrum in the 
current study showed the highest inhibition ratio 
without any physical contact between the 
pathogen and antagonist. This finding was similar 
to the results reported by Del Frari et al. (2019) 
that proved the antifungal activity of E. nigrum 
against P. chlamydospora. The inhibition of L. 
theobromae by Ch. Madrasense in dual culture 
technique was highly effective and the inhibition 
ratio grew by 60 % which comes in accordance 
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with Uikey et al. (2019) who used Ch. globosum 
against Fusarium and Rhizoctonia and recorded a 
growth rate of 72.22 % and 66.66 % respectively.  

Crude culture filtrate of E. nigrum, T. 
asperellum showed significant positive results in 
controlling L. theobromae under field conditions. 
On the contrary, it had no negative effect on 
healthy flowers of N. tazetta and P. tanacetifolia, 
as confirmed by Marraschi et al. (2019) who 
successfully used different Trichoderma species 
as a biocontrol agent to protect the pruning 
wounds of Niagara Rosada grapevine against L. 
theobromae.  In addition, Larena et al. (2005) 
employed E. nigrum alone or in combination with 
fungicides in the field to control brown rot caused 
by Monilinia spp in post-harvest treatments of 
peach trees. Crude culture filtrate of Ch. 
madrasense not only had any effect in controlling 
L. theobromae in field, but also resulted in wilting 
symptoms to healthy flowers of P. tanacetifolia. In 
contrast, Quyet et al.(2016) proved the in vivo 
biological control activity of Chaetomium 
biofungicide against root rot of citrus, caused by 
Phythothora parasitica. 

Antifungal compounds separated from T. 
asperellum extract with high peak area was 6 
amyl à pyrone(6-Pentyl-2H-pyran-2-one) are 
known as a natural antifungal against many 
phytopathogens (Baiyee et al. 2019), which was 
previously recoded before from T. asperellum 
from Ismailia by Kottb et al. (2015) and it was 
effective in enhance of plant defence against 
Botrytise conerea. While di (2 propylpentyl) ester 
phthalic acid was the largest separate component 
of Ch. madrasense extract with a high peak area 
percentage similar to results obtained by 
Osuntokun et al. (2017) who separated the same 
ester from Chrysophyllum albidum seed and stem 
bark essential oils and demonstrated its 
antimicrobial activity against the pathogenic 
Trichophyton rubrum and Aspergillus fumigatus. 
The separation of (1,2 Benzenedicarboxylic acid, 
bis(2-methylpropyl) ester) from E. nigrum extract, 
aligns with Nakalembe & Kabasa (2012) who 
Separated (1,2-Benzenedicarboxylic acid, bis 2-
methylpropyl ester) from edible mushroom 
termitomyces sp, which were active against 
emerging multi-drug resistant strains of S. aureus 
and P. aeruginosa. 

The application of fungal extracts under field 
conditions (in vivo study), showed a significant 
effect in controlling the pathogen. The fungal 
extracts were applied after the preliminary 
biosafety assay using brine shrimp (unpublished 
data), which showed no significant toxic effects on 

brine shrimp. 
The present study proved the bioactivity of 

mycobiome flowers to inhibit Lasidiplodia disease 
without causing any adverse effects on the health 
of flowers. The strength of the secondary 
metabolites of endophytic fungi E. nigrum and T. 
asperellum could be safely applied in field to 
control flower blight induced by L. theobromae. 

CONCLUSION 
Three promising isolates called  Epicoccum 

nigrum, Trichoderma asperellum and Chaetomium 
madrasense have antifungal effects against the 
flower pathogen Lasiodiplodia theobromae to 
different degrees. The different antifungal 
components were separated from the promising 
fungal extract by GC mass, which could be used 
as safe alternatives to field-applied chemical 
fungicides to control L. theobromae in flowers. 
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