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ABSTRACT 
 
Aim: This study investigated the inhibitory effect of non-volatile compounds of Trichoderma 
harzianum and Trichoderma longibrachiatum against fungal pathogens associated with spoilt 
pineapple.  
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Study Design: This experiment was laid out in a randomized complete block design. 
Place and Duration of Study: Department of Biology, The Polytechnic, Ibadan, Nigeria, between 
June 2023 and September 2023 
Methodology: Pineapples exhibiting symptoms of rot were purchased from Oje market within 
Ibadan, Nigeria. Isolation of rotten fungi was done by direct inoculating samples showing symptoms 
of rot on sterilized Potato Dextrose agar (PDA). Fungal isolates were identified using molecular 
techniques. The role of the isolates obtained in a formation of symptoms was determined by the 
pathogenicity test. Evaluation of non-volatile antifungal compounds of T. harzianum and T. 
longibrachiatum against the fungal isolates were carried out in-vitro at 15%, 20% and 25% 
concentrations. All the data obtained were subjected to statistical analysis.  
Results: The mycoflora isolated was identified as Penicillium funiculosum, Aspergillus niger and 
Meyerozyma carribica. The isolates reproduced the same rot symptoms, while A. niger and P. 
funiculosum had a high level of virulence with increasing incubation times. The non-volatile 
compounds of both biocontrol agents exert fungistatic effect on A. niger, M. carribica and P. 
funiculosum at 15%, 20% and 25% concentrations.  
Conclusion: Therefore, non-volatile compounds of both biological agents inhibited growth of 
pathogenic fungi of pineapple in vitro. Thus, it could serve as a better alternative to synthetic 
chemicals. 
 

 
Keywords: Fungistatic effect; mycoflora; non-volatile compounds; pathogenicity test. 
 

1. INTRODUCTION 
 

Pineapple (Ananas comosus L.) is a fruit with 
high nutritional contents, commonly grown in the 
tropics. It is among the ten most cultivated fruits 
globally and it contributes to more than 20% of 
the world production of tropical fruits [1,2]. 
Nigeria is ranked seventh among the world’s 
leading producers and the leading producer in 
Africa [3]. The pineapple value chain from farm to 
consumption ensures food security, and creates 
employment while improving rural livelihoods. 
This identifies pineapple as a crop of economic 
value [4,5]. 
 

However, postharvest fruit loss is estimated to 
account for more than 50% of the farm produce 
losses including pineapple in Nigeria [6,7,8]. Rot 
is a common problem of fleshy fruits such as 
pineapple. It is caused by phytopathogens such 
as fungi which enter the host tissue through 
mechanical wound and induce spoilage. The 
intrinsic low pH values, high sugar contents and 
the presence of other nutrients in pineapple are 
among the factors that predispose it to fungal 
deterioration [9]. In order to limit spoilage of the 
produce during storage, pineapple is treated with 
synthetic fungicides [2] which pose detrimental 
effects on human health; this necessitates the 
need to search for an alternative means. 
 

In addition to being eco-friendly, biological 
control agents such as Trichoderma sp. are 
considered a good alternative to hazardous 
synthetic chemicals because they are host-

specific, non-resistant to pathogens and effective 
in the short, medium and long terms. Moreover, 
they do not have a detrimental effect on humans 
or the environment (Carmon-Hermandez et al., 
2019). Trichoderma sp. shows diverse 
antagonistic mechanisms towards fungal 
phytopathogens. These could include 
competition, antibiosis and mycoparasitism which 
involves coiling of hyphae and secretion of cell 
wall degrading hydrolytic enzymes [10]. 
Therefore, this study aimed to investigate effects 
of non-volatile compound of Trichoderma against 
fungal pathogens in pineapple. 

 
2. MATERIALS AND METHODS 
 
2.1 Sample Collection 
 
Samples of pineapples with obvious lesions were 
purchased and transported in sterile plastic bags 
to the laboratory for further analysis. 

 
2.2 Isolation of Fungi 
 
The modified method of Odebode et al. [11] was 
used for isolation of fungi. The tissues of 
pineapple were sectioned from their healthy 
portions to diseased portions and cut into small 
fragments, soaked in 5% sodium hypochlorite 
solution for 5 minutes for surface sterilization and 
then rinsed thrice in distilled water. The infected 
tissues were aseptically blotted using sterile filter 
paper. These were aseptically inoculated onto 
freshly prepared plates of acidified potato 
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dextrose agar (PDA). The plates were incubated 
at 30 ± 2°C for 3-5 days. Mixed cultures were 
subcultured by repeated culturing on freshly 
prepared agar until a pure culture was obtained. 
 

2.3 Molecular Characterization of Isolates 
 

2.3.1 DNA extraction 
  
The fungal isolates obtained and stocked in agar 
slants were incubated at 25 ºC for 7 days. 
Lysis buffer (400 mM Tris-HCL (pH 8), 60 mM 
EDTA- pH 8.0, 150 mM NaCl and 1% sodium 
dodecyl sulphate) was put in an Eppendorf tube 
and a small quantity of mycelium was taken 
from each of the slants and introduced into the 
tube. The tube was vortexed to disrupt the 
mycelia and maintained at room temperature for 
10 minutes. Potassium acetate (150 μl) was 
added into the Eppendorf tube and this was 
followed by brief vortexing. The tube and 
contents were finally centrifuged at 13,000 × g 
for 1 min. The supernatant obtained was 
decanted, centrifuged again and decanted into 
another Eppendorf tube, to which an equal 
volume of isopropyl alcohol was added. After 
mixing by inversion, the contents of the tube 
were centrifuged, the supernatant was discarded 
and the residual pellets obtained were 
washed with ethanol (300 μl; 70%). This was 
centrifuged at 10,000 rpm for 1 min followed by 
decantation of the supernatant. The DNA pellet 
was air dried and dissolved in 1×Tris- EDTA 
(50μl). Purified DNA (1 μl) was used in 24 μl of 
PCR mixture [1]. 
 

2.3.2 PCR amplification  
 

The extracted DNA was amplified by the 
Polymerase Chain Reaction. Each PCR mixture 
contained 10 μl of Red TAQ READY MIX, 0.5 μl 
of each primer pair, 8 μl of analytical grade 
sterile water and 5 μl of genomic DNA in a total 
volume of 24 μl. The thermocycling program 
used was an initial denaturation (94 °C for 5 
minutes), 30 cycles of denaturation (94 °C for 1 
min), annealing (60 °C for 1 minute) and 
elongation (72 °C for 1 minute), then a 
stabilization (72 °C for 5 minutes) [12]. Amplified 
genetic materials were electrophoresed on 2% 
agarose gel in Tris acetate- EDTA buffer and the 
gel was stained with ethidium bromide before 
observation in UV detector [13]. 
 

2.3.3 DNA sequencing  
 

The sequence was determined at the Laboratory 
of Mycology, Department of Environmental 

Science, University of Pavia, Pavia, Italy. The 
identities of the isolates were determined against 
known sequences in the GenBank using BLAST 
(Basic Local Alignment Search Tool). 

  
2.4 Pathogenicity Test  
 
The method of Chukwura et al. [14] was adopted. 
Mature and fresh pineapple fruits were washed 
with distilled water, surface sterilized with 75% 
ethanol and blotted dry with filter paper. A sterile 
4mm cork borer was used to bore hole in each 
fruit, where the isolated fungi were inoculated 
and the cores were aseptically replaced to cover 
the hole in the fruits. The holes were sealed with 
petroleum jelly. All experiments including the 
control were placed in clean polythene bag and 
incubated in a humid environment at ambient 
temperature for ten days. All experiments were 
carried out in triplicate. The fruits were examined 
through the inoculated site for lesion 
development. Infected parts were aseptically 
transferred onto sterilized PDA to identify 
microorganisms responsible for the infections.  

 
2.5 Assessment of antifungal properties 

of non-volatile metabolites of 
Trichoderma sp. 

 
This was carried out according to the procedure 
described by Dennis and Webster [15]. 
Trichoderma was cultivated in 250 mL conical 
flasks containing 100 mL of potato dextrose broth 
(PDB) and incubated for 10 days with periodic 
shaking. The set up was filtered with Whatman 
no. 42 filter paper. The culture was further 
centrifuged at 6000 rpm for 10 minutes and 
sterilized using a 0.4 μm pore Millipore 
membrane filter. A final concentration of 15%, 
20% and 25% (v/v) was obtained by mixing the 
culture filtrate with requisite amount of molten 
PDA. The fortified medium was poured into Petri 
dishes. A 5mm diameter mycelial plug of test 
pathogen was inoculated on the plates and 
incubated for 7 days at 30 ± 2°C. A control 
experiment was set up without inoculation of the 
antagonist. The radial mycelial growth of 
treatment and control was measured (to the 
nearest milliliter) for 7 days. 
 

2.6 Statistical Analysis 
 

The data obtained were analyzed using SPSS 
software and subjected to analysis of variance. 
The means were differentiated at 5% confidence 
interval using Duncan’s Multiple Range Test. 
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3. RESULTS 
 

3.1 Isolation of Fungi 
 

Three isolates obtained from the sample were 
identified as Aspergillus niger, Penicillium 
funiculosum and Meyerozyma carribica.  
 

3.2 Phylogenetic Relationships between 
the Isolated Aspergillus niger 
Penicillium funiculosum and 
Meyerozyma carribica. and 
Otherstrains Already Documented in 
the National Center for 
Biotechnoology Information (NCBI), 
USA 

 

It was observed that these strains showed high 
similarities with other fungus strains that were 
already documented on NCBI. It was observed 
that Strain tok1 is very similar to other five 
strains. AJ876876 was the most similar organism 
to strain1. Strain1 share a common ancestral 

lineage with AJ876876 and KU877217. These 
fungi also share common ancestor with other 
three fungi [MH553376, MF422165, MF422153]. 
It was discovered that strain tok 2 is mostly 
similar to P.funiculosum JX469422. However, 
they both share common ancestral lineage with 
other fungal strains. Talaromyces stollii 
JX965246 and Talaromyces funiculosus 
KJ728703. All these strains uniquely originated 
from the same ancestor which is similar to 
Talaromyces funiculosus HG964290. The strain 
tok 3 was identified as Meyerozyma caribbica 
and phylogeny reveals that this strain is very 
similar to M. Caribbica LC422336 whom they 
both share similar attributes with M. Caribbica 
LC422337 which in turn serves as an ancestor to 
M. Caribbica LC422338. Interestingly, these four 
strains share a strikingly similar ancestral lineage 
(0.92 pasimonial similarities) with other three 
candida strains viz: Candida smithsoni 
KY495770 which is most similar to C. smithsonii 
MG385075 but farther to M. caribbica 
MG976725.

 

 
 

Fig. 1. Phylogenetic relationship between the isolated Aspergillus niger strain tok 1 and similar 
fungal strains already documented in National Center for Biotechnoology Information (NCBI), 

USA 
 

 
 

Fig. 2. Phylogenetic relationship between the isolated Penicillium funiculosum strain tok 2 and 
similar fungal strains already documented in National Center for Biotechnoology Information 

(NCBI), USA 
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Fig. 3. Phylogenetic relationship between the isolated Meyerozyma caribbica ostrain FM and 
similar fungal strains already documented in National Center for Biotechnoology Information 

(NCBI), USA 
 

3.3 Pathogenicity of Pathogenic Fungi 
Causing rots in Pineapple  

 
Aspergillus niger, Meyerozyma carribica          
and Penicillium funiculosum isolated from        
rotten pineapples were able to incite           
similar rot symptoms on healthy pineapple fruits. 
It was observed that these pathogens         
caused varying levels of rot symptoms        
based on their varying virulence (Table 1). The 
symptoms observed on pineapple after re-
infection with these three pathogens                    
were more intense on days 7-8 as compared to 
the control. There was no visible rot symptom at              
days 1-3 of inoculation in the treatments,   
minimal between days 5 and 6 and        
progressing as time increased till the                      
tenth day of incubation where virulence, 
measured by the length of the lesion           
formed was 6.07±1.79 cm, 4.47±0.57                      
cm and 6.10±1.51 cm for A. niger, M. carribica 
and P. funiculosum respectively. A. niger was 
observed to be more virulent than         
Penicillium funiculosum but both were                 

more virulent in causing pineapple rot than 
Meyerozyma carribica. 
 

3.4 Effect of Non-Volatile Compounds of 
Trichoderma harzianum and 
Trichoderma longibrachiatum on 
Pathogenic Fungi Causing Pineapple 
Rot 

 

All the pathogens isolated from pineapple were 
susceptible to the biocontrol agents (Tables 2 
and 3). M. carribica was the least susceptible to 
both T. harzianum and T. longibrahiatum. There 
was no inhibition of M. carribica at 15% 
concentration of T. harzianum inoculum while 
inhibition at 20% and 25% for both biocontrol 
agents was statistically similar. Though the 
bioagents were effective in inhibiting A. niger, no 
significant difference was observed at 15% and 
20% concentrations of both T. harzianum and T. 
longibrachiatum which improved at 25% 
concentration. However, T. harzianum 
significantly inhibited A. niger. The inhibition of 
the pathogen P. funiculosum by T. harzianum 
was most effective at 20% and 25%. 

 

Table 1. Virulence of the isolated pineapple rot fungi as observed from the pathogenicity test 
 

Rot formation (cm) Days Aspergillus niger Meyerozyma carribica Penicillium funiculosum Control  

Day1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
Day2 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
Day3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
Day4 0.00±0.00 0.00±0.00 0.27±0.46 0.00±0.00 
Day5 0.37±0.15 0.57±0.51 0.33±0.58 0.00±0.00 
Day6 1.87±0.12 0.80±0.69 0.83±1.01 0.00±0.00 
Day7 2.7±0.46 1.90±0.10 1.90±0.79 0.00±0.00 
Day8 3.2667±0.40 2.27±0.38 2.53±0.74 0.00±0.00 
Day9 4.90±1.31 3.73±0.46 5.27±1.45 0.00±0.00 
Day10 6.07±1.79 4.47±0.57 6.10±1.51 0.00±0.00 

Total mean 1.92a 1.37d 1.72b 0.00e 
Total means having the same superscript letter are not significantly different (α0.05) according to Duncan Multiple Range Test 

(DMRT) 



 
 
 
 

Bolatito et al.; Asian J. Res. Bot., vol. 7, no. 1, pp. 94-101, 2024; Article no.AJRIB.115592 
 
 

 
99 

 

Table 2. Fungistatic activities of non-volatile compounds Trichoderma harzianum against pathogenic fungi causing pineapple rot disease 
 

Pathogens Treatments Day1 Day2 Day3 Day4 Day5 Day6 Day7 Total Mean 

Aspergillus niger 15% 0.62±0.06 0.62±0.06 0.62±0.06 0.62±0.06 0.67±0.03 0.67±0.03 0.67±0.03 0.64b 
20% 0.55±0.17 0.57±0.20 0.57±0.20 0.58±0.19 0.70±0.13 0.70±0.13 0.70±0.13 0.62b 
25% 0.53±0.08 0.53±0.08 0.53±0.08 0.53±0.08 0.67±0.20 0.67±0.20 0.67±0.20 0.59c 
Control 0.65±0.30 1.37±0.48 2.18±0.64 3.12±1.03 4.33±0.08 4.38±0.03 4.42±0.08 2.92a 

Meyerozyma carribica 15% 2.37±0.88 2.38±0.90 2.57±0.79 2.72±0.79 2.73±0.77 2.73±0.77 2.73±0.77 2.30a 
20% 1.70±0.67 1.70±0.67 1.77±0.71 1.85±0.72 1.85±0.72 1.85±0.72 1.85±0.72 1.80b 
25% 1.23±0.08 1.23±0.08 1.32±0.13 1.33±0.15 1.33±0.15 1.33±0.15 1.33±0.15 1.30b 
Control 1.30±0.17 1.40±0.13 1.75±0.10 2.78±0.41 2.87±0.46 3.07±0.81 3.17±0.75 2.63a 

Penicillium foniculosum 15% 0.60±0.13 0.60±0.13 0.60±0.13 0.60±0.13 0.72±0.21 0.72±0.21 0.72±0.21 0.65b 
20% 0.43±0.06 0.43±0.06 0.58±0.08 0.58±0.08 0.63±0.10 0.63±0.10 0.63±0.10 0.56c 
25% 0.42±0.25 0.42±0.25 0.47±0.25 0.48±0.24 0.55±0.22 0.55±0.22 0.55±0.22 0.49c 
Control 0.55±0.05 1.28±0.30 3.07±0.28 3.92±0.71 4.48±0.12 4.52±0.14 4.52±0.13 3.19a 

Values are means of three replicates, Total means having the same superscript letter are not significantly different (α0.05) according to Duncan Multiple Range Test (DMRT). 

 
Table 3. Fungistatic activities of non-volatile compound Trichoderma longibrachiatum against pathogenic fungi causing pineapple rot disease 

 
Pathogens Treatments Day1 Day2 Day3 Day4 Day5 Day6 Day7 Total Mean 

Aspergillus niger 15% 0.68±0.18 0.78±0.25 0.82±0.28 0.87±0.30 0.92±0.38 0.92±0.38 0.92±0.38 0.84b 
20% 0.58±0.06 0.83±0.24 0.85±0.23 0.87±0.23 0.88±0.23 0.88±0.23 0.88±0.23 0.83b 
25% 0.52±0.06 0.57±0.06 0.57±0.06 0.57±0.06 0.63±0.08 0.63±0.08 0.63±0.08 0.59c 
Control 0.65±0.30 1.37±0.48 2.18±0.64 3.12±1.03 4.33±0.08 4.38±0.03 4.42±0.08 2.92a 

Meyerozyma carribica 15% 2.25±0.13 2.37±0.25 2.37±0.25 2.37±0.25 2.53±0.15 2.53±0.15 2.53±0.15 2.42b 
20% 0.97±0.25 0.97±0.25 1.03±0.29 1.03±0.29 1.03±0.29 1.05±0.26 1.05±0.26 1.02c 
25% 0.88±0.23 0.90±0.26 0.90±0.26 0.90±0.26 0.95±0.23 0.97±0.21 0.97±0.21 0.92c 
Control 1.30±0.17 1.40±0.13 1.75±0.10 2.78±0.41 2.87±0.46 3.07±0.81 3.17±0.75 2.63a 

Penicillium foniculosum 15% 0.72±0.13 0.78±0.12 0.88±0.10 0.88±0.10 0.92±0.08 0.92±0.08 0.92±0.08 0.86b 
20% 0.55±0.10 0.55±0.10 0.85±0.26 0.90±0.23 0.92±0.21 0.92±0.21 0.92±0.21 0.80b 
25% 0.48±0.03 0.52±0.03 0.73±0.08 0.77±0.10 0.78±0.12 0.78±0.12 0.78±0.12 0.69bc 
Control 0.55±0.05 1.28±0.30 3.07±0.28 3.92±0.71 4.48±0.12 4.52±0.14 4.52±0.13 3.19a 

Values are means of three replicates, Total means having the same superscript letter are not significantly different (α0.05) according to Duncan Multiple 
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4. DISCUSSION 
 
Analysis of the rot associated fungi of Ananas 
comosus (pineapple) revealed the composition of 
the mycobiome as Penicillium funiculosum, 
Aspergillus niger and Meyerozyma carribica. The 
report by Oniah and Tawose [16] also confirmed 
that Penicillium spp. and Aspergillus niger were 
among the organisms causing deterioration of 
pineapple fruits. Likewise, Ogaraku et al. (2016) 
discovered similar fungi in deteriorated pineapple 
fruit. M. caribbica has been found in many 
samples including in association with fruits such 
as sugarcane and the Brazilian fruit locally called 
“camu camu” (Myriciaria dubia) [17]. However, 
this is arguably the first time Meyerozyma 
carribica has been isolated as a causal agent of 
pineapple rot. It has been ascertained that fruits 
are rotten by phytopathogens such as fungi 
which infect the produce through mechanical 
injuries during harvesting. The isolated fungi 
produced similar disease symptoms when 
inoculated on healthy pineapple fruits. This 
confirms them as the causal agents of rot of the 
pineapple fruits, similarly, Penicillum spp, 
Alternaria alternata and Aspergillus niger have 
been previously reported as causative pathogens 
of heart rot of pomegranate fruits [18,7]. It is also 
in agreement with the submission of Bastein et 
al. [19] that the genius Fusarium and Talomyces 
which share a common ancestor with Penicillium 
foniculosum are causal agents of pineapple rot. 
 
Different inhibitory level was observed among the 
various pathogens. Non- volatile compounds of 
Trichoderma harzianum and Trichoderma 
longibrachiatum exerted fungistatic effect on A. 
niger, P. funiculosum and M. carribica at 
concentrations of 15%, 20% and 25% in an 
ascending order of effectiveness. Hanan and 
Mohamed [20] reported antagonistic activities of 
non- volatile compounds of Trichoderma sp. 
against many phytopathogens. The fungistatic 
effects of non-volatile compounds of T. 
harzanium have been reported by Khaledi and 
Taheri [21] where it was reported that non-
volatile compounds can decrease the mycelia 
growth of plant pathogens. Also, non-volatile 
compound of culture filtrate of Trichoderma strain 
SQR-T037 had significant effect on radial growth 
of F. oxysporum. f. sp. niveum [22-24].  
 

5. CONCLUSION 
 
This study revealed the potential of using 
biopesticides which are biodegradable and 
nontoxic as a substitute to the use of expensive 

synthetic fungicides and other methods for plant 
disease control. The suppression of the fungal 
pathogens strongly suggests that the active 
components of the non-volatile compounds of the 
biological control agents are suitable for the 
control of fungi causing pineapple rot. Thus, 
Trichoderma harzianum and Trichoderma 
longibrachiatum can be used as biological control 
agents which could serve as a better alternative 
to the use of synthetic fungicides. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Liu D, Coloe S, Baird R, Pedersen J. Rapid 

mini-preparation of fungal DNA for PCR. 
Journal of Clinical Microbiology. 2017;381: 
471. 

2. Chillet M, Hoareau A, Hoarau M, Minier J. 
Potential Use of Essentials Oils to Control 
Fruitlet Core Rot (FCR) in Pineapple 
(Queen Victoria Variety) in Reunion Island. 
American Journal of Plant Sciences 
2020;11:1671-1681. 

3. Food and Agricultural Organization of 
United State. Yearbook; 2019.  
Website: www. fao. org. 

4. Quijandria G, Berrocal J, Lawrence P. “La 
industria de la pina en Costa Rica: Analisis 
de sostenibilidad. Centro Centroamericano 
dr desarrollo Sostenible”; 1997.  
Available:http://www.incae.edu/EN/clads/p
ublicaciones/pdf/Cen707.pdf 

5. All Africa. Horticulture Can Provide Three 
Million Jobs in Few Year; 2011.  
Available:http://allafrica.com/stories/20111
1180784.html?page=2 

6. Moss MO. Mycotoxin review journal on 
Aspergillus penicillium. Mycologist. 
2002;16:116-119. 

7. Zhang LU, McCarthy MJ. Black heart 
characterization and detection in 
pomegranate using NMR relaxometry and 
MR imaging. Postharvest Biol. Technol. 
2017;67:96–101. 

8. Zakawa NN, Timon D, Yusuf CS, Tizhe 
TD, Bala UJ, Isa A, Waja S, Aphonsus G. 
Isoltion and Control of Fungal Rot 
Pathogen of Tomato Fruit Using Aqueous 
Leaf Extracts of Azadirachta indica in 
Mubi, Adamawa State. Research Journal 
of Plant Pathology. 2019;2:1-5 



 
 
 
 

Bolatito et al.; Asian J. Res. Bot., vol. 7, no. 1, pp. 94-101, 2024; Article no.AJRIB.115592 
 
 

 
101 

 

9. Onuoroh S C, Udemezue OF, Uche JC, 
Okoli IC. Fungi Association with the 
spoilage of Pineapple Fruits in Eke Awka 
Market Anambra State. The Bioscientist. 
2013;1:22-27 

10. Bhardwaj NR, Kumar J. Characterization of 
volatile secondary metabolite s from 
Trichoderma asperellum. Journal of 
Applied and Natural Science. 2017:9:954-
959 

11. Odebode AC, Joseph CC, Jonker SA, 
Wachira. SW. Antifungal activities of 
constituents from Uvaria schefferi and 
Abotrys brachpetalas. Journal of 
Agricultural Science. 2006; 51: 79-86. 

12. Michaelsen A, Pinzari F, Ripka K, Lubitz 
W, Pinar G. Application of molecular 
techniques for identification of fungal 
communities colonizing paper material. 
International Biodeterioration and 
Biodegradation. 2006;58:33-141. 

13. Okoro CC, Amund OO, Eliora R. 2009. 
Plasmids of phenanthrene and 
dibenzothiophene-degrading bacteria 
isolated from produced water samples in 
oil production. Int. J. Biol. Chem Sci. 
2009;3:186-191. 

14. Chukwuka KS, Okonko IO, Adekunle AA. 
Microbial ecology of organisms causing 
pawpaw (Carica papaya L.) Fruit decay in 
Oyo State, Nigeria. American-Eurasian 
J.Toxicol. Sci. 2010;2:43-50. 

15. Dennis C, Webster J. Antagonistic 
properties of species-groups of 
Trichoderma, I. Production of non-volatile 
antibiotics. Transactions of the British 
Mycological Society. 1971a;57:41-48 

16. Oniah T, Tawose FO. Fungi associated 
with black rot disease of pineapple 
(Ananas comosus L.) fruits and the effects 
of the disease on nutritional value o the 
fruits. ISABB Journal of Food and 
Agricultural Science 2018; 8(3):18-24. 

17. Limtong S, Kaewwichian R, Yongmanitchai 
W, Kawasaki H. Diversity of culturable 
yeasts in phylloplane of sugarcane in 

Thailand and their capability to produce 
indole-3-acetic- acid. World J. Microbiol 
Biotechnol. 2014;30:1785-1796 

18. Michailides TJ, Morgan DP, Quist M, 
Reyes HC. Infection pomegranate by 
Alternaria sp. causing blackheart.  
Available:http://ucanr.edu/sites/Pomegrana
t es/files/122813.pdf. 2012 

19. Bastien B, Marc C, Anna D, Maeva G, 
Laetitia R, Mathieu L, Noel D, Lindy JR, 
Altus V, Sabine Schorr- G. Diversity and 
Toxigenicity of Fungi that Cause Pineapple 
Fruitlet Core Rot. Toxins 2020;5(12):339-
342 

20. Hanan IM, and Mohamed OI. The efficacy 
of non-volatile compound of Trichoderma 
species and Bacillus isolates in the          
control of chickpea wilt pathogens. 
Agriculture, Forestry and Fisheries. 
2014;3:346-351 

21. Khaledi N, Taheri P. Biocontrol 
mechanisms of Trichoderma harzianum 
against soybean charcoal rot caused by 
Macrophomina phaseolina. Journal of plant 
protection research. 2016; 56:21-31. 

22. Waseem R, Muhammad F, Sohail Y, 
Faheem UR, Muhammad Y. Volatile and 
nonvolatile antifungal compounds 
produced by Trichoderma harzianum SQR-
T037 suppressed the growth of Fusarium 
oxysporum f. sp. niveum. Science letters. 
2013;1(1):21-24. 

23. Ítalo TSRM, Vanderly AS, Giovana DD, 
Spartaco AF, Edson JC, Marcos JSV. 
Yeasts with Fermentative Potential 
Associated with Fruits of Camu-Camu 
(Myrciaria dubia, Kunth) from North of 
Brazilian Amazon. The Scientific World 
Journal. 2021; 5:1-6. 

24. Raza W, Faheem M, Yousuf S, Rayar UF, 
Yameen M. Volatile and non-volatile 
antifungal compounds produced by 
Trichoderma harzianum SQR-T037 
suppressed the growth of Fusarium 
oxysporum f. sp. niveum. Science Letters. 
2013;1:21-24.

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/115592 


