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ABSTRACT 

Tomato fruits have high nutritional qualities, but their spoilage by soil-borne pathogens results 

in food poisoning. It is important to isolate and identify the strains of fungi associated with 

tomato rot, to understand their pathogenic state. Seeds of 3 genotypes of tomato were grown in 

both hydroponics and soil systems. It is a factorial experiment laid in a completely Randomized 

Design with four replicates. The number and weight of fruits produced, number of infected and 

uninfected fruits by rots were recorded. Data collected were analyzed using ANOVA and means 

were separated using LSD at 5 % significance level. At harvest, the infected and uninfected fruits 

were harvested and 10 g each were sliced, dissolved in sterile distilled water and were serially 

diluted before plating on sterile Potato Dextrose Agar-PDA and Sabouraud Dextrose Agar-SDA 

media with 2 % streptomycin and incubated at 28oC for 3 – 7 days. Genotypes and substrates 

were significant in the rate of fruit infection, with the Roma tomato having 78.1 % fruit infection 

rate, while the identified fungi from the infected tomato fruits are Aspergillus flavus and Mucor 

racemosu, as no organism grew in the uninfected fruits cultured in both PDA and SDA culture 

media. 
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INTRODUCTION 

Tomato (Lycopersicum esculentum) is a yearly, dicotic, angiospermic short lived perennial plant 

belonging to solanaceae family. The fruit is used globally and it is consumed as both raw and 

processed forms (Moneruzzaman et al., 2008). The fruit contains vitamins (A, B, C and E), 

carbohydrates (fructose and glucose), Minerals (phosphorus, sodium, potassium, calcium, 

magnesium), trace elements (iron, copper, zinc and dietary fibres for humans (Smith, 1994; 

Andrew, 1994) and it is also used as raw materials for agro allied Industries.  

This important staple vegetable is highly perishable and deteriorates easily few days after 

harvest, which could result in loss of needed qualities or total waste of these vegetables. The 

deterioration is mainly caused by microbial contamination, natural ripening processes and 

environmental conditions such as heat and drought (Idah et al., 2007). Over the years, bacteria 

and especially fungi have been reported as causing spoilage and deterioration of nutrients in 

different fruits (Willey et al., 2008).  

Plants are susceptible at all stages of development, but symptoms are most obvious at or 

soon after flowering (Rowe et al., 1995).  Fungi are the most significant and ubiquitous 

pathogens, infecting variety of fruit and causing economically important losses of fruits. 

Different fungal species such as Aspergillus, Fusarium, Penicillium, Mucor, Rhizopus, 

Geotrichum, Phytophthora and Botrytis have been reported as spoilage organisms, and 

Aspergillus niger, Rhizopus stolonifer and Mucor sp. have all been isolated from spoilt tomatoes 

(Sharma, 2012). 

Thousands of spores are produced in spots of infected leaves and are capable of causing 

more infections. When conditions are favorable, fungal fruiting bodies appear as tiny black 

specks in the middle of the spots (Sanoubar & Barbanti, 2017). The colonization process 

involves the ability of the microorganism to establish itself within the produce (Besser et al., 

1993). Pathogenic microorganism in tomato is recognized as a source of potential health hazard 

to man and animals following ingestion, this is due to their production of toxins which are 

capable of causing diseases like respiratory infection, meningitis, gastroenteritis, diarrhoea in 

man (Beuchat, 2006; E, O. E, 2018).  

The contamination of tomato by microorganism could be as a result of poor handling 

practices in the tomato production environment, predominantly due to soil borne disease 

infection (Beuchat, 1996). The above reason coupled with the prolonged cultivation period and 

little yield in the soil system have attracted researchers attention in the hydroponic system 

(Andriolo et al., 1999). This system provides a good platform to identify if the deterioration 

encountered in tomato variety is as a result of environmental infection or a generic disease state, 

coupled with the high crop quality yield as documented (Logendra et al. 2001). 

Hence, due to the serious food safety risk posed by the consumption of pathogenic 

contaminated tomato fruits coupled with the economic damages, it is then important to identify 

and isolate the fungal microorganisms associated with tomato spoilage while using a controlled 

hydroponics system.  

 

MATERIALS AND METHODS 

Planting tomato seeds: Seeds of here tomato genotypes (Roma, San marzano and Red Cherry 

Large) were sourced from the Soilless Farmlab, Abeokuta, Ogun State, Nigeria and raised in 

hydroponics troughs containing dissolved cocopeat for 2 weeks before transplanting. More 

cocopeat blocks were dissolved in water and poured into the 12 hydroponics troughs, while 12 

troughs were filled with topsoil. The raised tomato seedlings were sown directly on the troughs 
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in a completely randomized design with 4 replicates. The plants were watered every 3 days and 

fertigated with dissolved poultry manure (100 mg of poultry manure was dissolved in 100 ml of 

water to give a concentration of 1 mg/ml) every week till harvest. At 2 and 4 weeks after 

transplanting, plant height and number of leaves were taken. The number of days to 50 % 

flowering and days to fruiting, number of fruits produced, average fruit weight, number of 

infected fruits and uninfected fruits were also recorded. The data collected were subjected to 

statistical analysis using ANOVA and the differences in treatment means were separated using 

the least significant differences at 5 % level of significance. 

Collection of rotten tomato fruits: Infected tomato fruits and few uninfected fresh tomato fruits 

were harvested from the plant into a sterilised polythene bag and were taken to the laboratory for 

further analysis. 

Materials Sterilization: All the glass wares were appropriately washed, dried and sterilized in 

the oven at 1600C for one hour. The entire working surfaces were also disinfected with ethanol 

to decrease contaminants.  

Samples Processing: 10 g of the spoilt and uninfected tomatoes was carefully cut with the aid of 

a sterile scalpel and enriched in sterile sabouraud dextrose broth and Potato Detrose broth for 

twenty four hours. Ten fold serial dilutions of the samples were thereafter carried out. 

Isolation of associated fungi: Infected and uninfected Roma tomatoes samples were first 

washed separately with running tap water. 10 g size of spoilt tomatoes were carefully cut with 

the aid of sterile blade then sterilized with 70% ethanol and rinsed in sterile distilled water. 10 g 

of sliced portion was dissolved in sterile distilled water and was serially diluted then plated on 

sterile PDA and SDA medium with 2% streptomycin to inhibit bacterial growth and then 

incubated at 28oC. Incubation was carried out in inverted positions of petriplates for 4-7 days. 

The colonies that developed were subcultured repeatedly on sabouraud dextrose agar and Potato 

Dextrose Agar plates to obtain pure cultures. They were later stored on SDA and PDA slants for 

characterization and identification (Burnett, 1992).  

Characterization and Identification of the Isolates: The pure cultures of the fungi were 

identified on the basis of their colony growth pattern, conidial morphology and pigmentation 

using the slide culture technique and microscopic examination. 

 

RESULTS AND DISCUSSIONS 

Result obtained on the agronomic parameters showed that the height of the Red Cherry Large 

tomato genotype (7.88±0.33) was significantly taller than both Roma (6.74±0.33) and San 

Marzano (5.86±0.33) genotypes at 2 weeks after transplanting. However, at 4 weeks after, the 

height of the genotypes were statistically same. Also, the number of leaves produced by the Red 

Cherry Large (24.63±1.86) at 4 weeks after transplanting was significantly higher than the San 

Marzano (17.63±1.86), however, both San Marzano and the Roma (22.75±1.86) was statistically 

same (Table 1). 

It took the Roma genotype a period of 47.00±0.77 number of days for 50 % of the plants 

to produce flower, which was significantly higher than the period taken by both San Marzano 

(42.50±0.77) and Red Cherry Large (37.25±0.77) genotypes respectively. Also, it took the Red 

Cherry Large genotype 52.13±1.15 days to produce fruit, and it was significantly quicker than 

the 62.13±1.15 and 61.38±1.15 taken by both Roma and San Marzano respectively to produce 
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fruits. The number of fruits produced by the Red Cherry Large genotype (2.38±0.69) was 

significantly higher than the number produced by both Roma (8.00±0.69) and San Marzano 

(6.75±0.69) (Table 2).  

However, in Roma, 6.25±0.31 of the fruits produced were infected by rot, which was 

significantly higher than the 0.00±0.31 recorded in Red Cherry Large and San Marzano 

genotypes respectively. While the 2.00±0.35 number of uninfected fruits recorded in the Roma 

tomato was significantly lower than the Red Cherry Large (9.63±0.35) and San Marzano 

(6.63±0.35) respectively. Then the weight of the fruits produced by the San Marzano 

(20.13±0.93) and Roma (18.28±0.93) was significantly larger than the 8.80±0.93 recorded in the 

Red Cherry Large genotype (Table 2). 

 

Table 1. The height and number of leaves of three genotypes of tomato plants after 2 and 4 

weeks of transplanting 

Genotypes PH2 PH4 NOL2 NOL4 

RCL 7.88a 15.60a 4.63a 24.63a 

Roma 6.74b 14.95a 4.38a 22.75ab 

San Marzano 5.86b 14.96a 4.38a 17.63b 

LSD(0.05) 0.98 3.09 0.51 5.53 

SE 0.33 0.17 1.04 1.86 

 

Means with the same alphabet down the group are not significantly different from each 

other at 5 % level of significance, SE: Standard error, LSD: Least significant differences, PH2 

and PH4: Plant height at 2 and 4 weeks after transplanting respectively, NOL2 and NOL4: 

Number of leaves at 2 and 4 weeks after transplanting respectively.  

 

Table 2. Yield performance and occurrence of fungal rot in three genotypes of tomato 

 

Genotypes DT50%F DTF NOF NoIF NoUF FW 

RCL 37.25c 52.13b 12.38a 0.00b 9.63a 8.80b 

Roma 47.00a 62.13a 8.00b 6.25a 2.00c 18.28a 

San Marzano 42.50b 61.38a 6.75b 0.00b 6.63b 20.13a 

LSD(0.05) 2.28 3.41 2.04 0.91 1.04 2.75 

SE 0.77 1.15 0.69 0.31 0.35 0.93 

 

Means with the same alphabet down the group are not significantly different from each 

other at 5 % level of significance, SE: Standard error, LSD: Least significant differences, DTF: 

Days to fruiting, NoIF: Number of infected fruits, NoUF: Number of uninfected fruits and FW: 

Fruit weight DT50%F: Days to 50 % flowering. 

Table 3 showed that at 2 and 4 weeks after transplanting, the height of the plants and 

numbers of leaves produced were insignificant in terms of the substrate they were grown. Also, 

the number of days taken by 50 % of the plants to produce flowers, to produce fruits, number of 

infected fruits and the average fruit weight were significantly same in both topsoil and cocopeat 

substrates respectively. However, the number of uninfected tomato fruits in the cocopeat 
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substrate (7.00±0.28) was significantly higher than the fruits produced in the soil (5.17±0.28) 

(Table 4). 

 

Table 3. Effect of cocopeat and topsoil substrates on the plant height, number of leaves of 

different genotypes of tomato  

Substrate PH2 PH4 NOL2 NOL4 

Soil 6.83a 15.83a 4.58a 21.42a 

Cocopeat 6.82a 14.52a 4.33a 21.92a 

LSD(0.05) 0.8 2.52 0.42 4.52 

SE 0.27 0.14 0.85 1.52 

     Source of variation 

    Genotypes 8.15* 1.11ns 0.17ns 105.04* 

Substrates 0.02ns 10.27ns 0.38ns 0.82ns 

Genotypes*Substrates 0.02ns 1.31ns 0.50ns 0.15ns 

 

Means with the same alphabet down the group are not significantly different from each 

other at 5 % level of significance, SE: Standard error, LSD: Least significant differences, PH2 

and PH4: Plant height at 2 and 4 weeks after transplanting respectively, NOL2 and NOL4: 

Number of leaves at 2 and 4 weeks after transplanting respectively, DT50%F: Days to 50 % 

flowering, DT50%F: Days to 50 % flowering, *: 5 % level of significance and **: 1 % level of 

significance. 

 

Table 4. Effect of cocopeat and topsoil substrates on the yield and occurrence of fungal rot in 

tomato plant 

Substrate DT50%F DTF NOF NoIF NoUF FW 

Soil 41.58a 58.25a 8.75a 1.75a 5.17b 14.94a 

Cocopeat 42.92a 58.83a 9.33a 2.42a 7.00a 16.53a 

LSD(0.05) 1.86 2.78 1.66 0.74 0.85 2.25 

SE 0.63 0.94 0.56 0.25 0.28 0.76 

 

 

     Source of variation  

     Genotypes 190.50** 248.17** 69.79** 104.17** 118.04** 295.27** 

Substrates 10.67ns 2.04ns 2.04* 2.67ns 20.17** 15.05ns 

Genotypes*Substrates 0.17ns 2.17ns 1.79ns 2.67* 12.04** 38.76* 

 

Means with the same alphabet down the group are not significantly different from each 

other at 5 % level of significance, SE: Standard error, LSD: Least significant differences, 

DT50%F: Days to 50 % flowering, DTF: Days to fruiting, NoIF: Number of infected fruits, 

NoUF: Number of uninfected fruits and FW: Fruit weight, *: 5 % level of significance and **: 1 

% level of significance. 
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Figure 1 a and b: Roma tomato plants with infected fruits 

   

 

Figure 2. (A):  Pour plate of Serially diluted infected tomato (B): Aspergillus flavus on PDA 

plate (C, D and E ): Mucor racemosus on SPA plate. 

The growth of the three genotypes of tomato used in this study developed at same rate; 

irrespective of the substrate they were grown. This shows that growing tomato in a hydroponics 

A B 

A B 

D E C 



https://www.acseusa.org/journal/index.php/aijas      American International Journal of Agricultural Studies      Vol. 4, No. 1; 2021 

 

7 

system that is fertigated optimally is as effective as tomato soil farming and this supports the 

work of Flávio et al. (2018) and Ossai et al. (2020). The higher number of fruits produced by the 

Red Cherry Large tomato could be the reason behind the small fruit weight comparable to Roma 

and San Marzano fruits which produced larger fruit sizes but with a small number of fruits per 

plant, either grown in a hydroponics system or in soil. However, the different tomato genotypes 

were developed for different purposes (Baisden, 1994). 

Despite the large fruit size produced by the Roma tomato, about 78.1 % of the produced 

fruit developed block rots at the base, while only 21.9 % of the fruit were without rot. Further 

investigation of the causal organism of the rots indicated that the tomato fruits were 

contaminated by fungal pathogens. Fungi such as Aspergillus flavus, Mucor racemosus were 

isolated from the infected fruits. This is in agreement with the findings of Kutama et al. (2007), 

who also reported numerous fungal pathogens linked with tomato.  

The results also showed that tomatoes can be contaminated by fungal pathogens such as 

Aspergillus flavus and Mucor racemosus even before harvesting. Although Mbajiuka and Enya 

(2014) also isolated Aspergillius spp, Penicillum spp and Saccharomyces cerevisiae from spoilt 

tomatoes. Wogu and Ofuase (2014) also isolated Aspegillius spp, Penicillum spp, Fusarium spp 

and Saccharomyces spp from spoilt tomato fruits. Mbajiuka and Enya (2014) also isolated 

Aspergillius spp, Penicillum spp and Saccharomyces cerevisiae from spoilt tomato.  

Fungal contamination of tomatoes is mainly as result of high water content, environmental 

surroundings, method of handling, type of storage facilities and the quality of the tomatoes 

(Logendra et al., 2001). Being that three genotypes were evaluated and only Roma tomato was 

infected could point the infection to be genotypic prone. However, it was more prevalent in the 

soil farming system than the hydroponics system which means the prevalence can be reduced 

below economic damage level by proper sterilization protocols as Beuchat (1996) reported that 

the fungal rots can be soil borne. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Tomato fruits have high nutritional qualities, but their spoilage by fungi results in loss of 

economic resources as well as food poisoning. These fungi obtained in this study causes 

intoxication of mycotoxins which are harmful to human health.  Aspergillus spp. is a source of 

Ochratoxin which is a potent Carcinogen; as a result substandard tomatoes must not be eaten but 

disposed off, because consumption of spoilt tomatoes could be detrimental to human health. 

Farmers are advised to ensure that the tomatoes seeds are healthy before planting and only 

tomatoes in good condition should be harvested and dispatched to the end users to reduce the 

danger of these toxins that are detrimental to health. However, proper soil sterilization 

techniques is essential in reducing the spread of the fungal rot in tomato to the lowest minimum, 

and it is also recommended that more evaluation should be carried out to ascertain a host-plant 

relationship between the fungal rots and Roma tomato as other genotypes evaluated were not 

infected by the rots. 

REFERENCES 

Andrew, F. (1994). The tomato in America: Early history, culture and cookery. Columbia, S.C, 

USA: University of South Carolina Press. 

 

Andriolo, J. L., Duarte, T. S., Ludke, L., & Skrebsky, E. C. (1999).  Characterization and 

evaluation of substrates for tomato cultivationoff the ground. Horticultura Brasileira, 

17(3), 215-219. 



https://www.acseusa.org/journal/index.php/aijas      American International Journal of Agricultural Studies      Vol. 4, No. 1; 2021 

 

8 

Baisden,  G.  (1994).  Frankenfood bioengineered bonanza of the future or your worst night more 

come true.  The growing edge, 5(4), 34-42.  

Besser, R. E., Lett, S. M., Weber, J. T., & Doyle, M. (19930. An outbreak of diarrhea and uremic 

syndrome from Escherichia coli O157:H7 in fresh pressed apple cider. Journal of the 

American Medical Association, 269, 2217-2220.  

Burnett, M. T. (1992). The Arts Of Performance in Elizabethan and Early Stuart Drama: Essays 

for GK Hunter. Edited by Murray Biggs, Philip Edwards, Inga-Stina Ewbank and 

Eugene M. Waith. Edinburgh: Edinburgh University Press, 1991. Pp. 227.£ 30.00. 

Theatre Research International, 17(2), 160-161. 

 

Beuchat, L. R. (1996). Pathogenic organisms associated with fresh produce. Journal of Food 

Protection, 59, 204-216. 

 

Beuchat, L. R. (2006). Vectors and conditions for pre-harvest contamination of fruits and 

vegetables with pathogens capable of causing enteric diseases. Britain Food Journal. 

108, 38-53. 

E, O. E., G, O. O., N, C. P., & H, A. N. (2018). Agglomeration Economies Among Animal And 

Crop Producers In Nigeria: A Panacea For Diversification And Sustainable Economic 

Growth In South Eastern Nigeria. American International Journal of Agricultural 

Studies, 1(1), 60-64. https://doi.org/10.46545/aijas.v1i1.28 

Flávio, B. C., Herminia, E. P. M., Derly, J. H. D., Carla, D. C. M., & José, G. B. (2018). Yield 

and quality of tomato grown in a hydroponic system, with different planting densities 

and number of bunches per plant. e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. 

Agropec. Trop., Goiânia, 48(4), 340-349  

Idah, P. A., Ajisegiri, E. S. A., & Yisa, M. O. (2007). Fruits and vegetables handling and 

transportation in Nigeria. Australian Journal of Technology, 10(3), 175 -183 

Kutama, A. S., Aliyu, B. S., & Muhammed, I. (2007). Fungal pathogens associated with tomato 

wicker storage baskets. Science world journal, 2, 345-378 

Logendra, L. S., Gianfagna, T. J., Specca, D. R., & Janes, H. W. (2001). Greenhouse tomato 

limited cluster production systems: crop management practices affect yield. Hort 

Science, 36(5), 893-896. 

Moneruzzaman, K. M., Hossain, A., Sani, W., & Saifuddin, M. (2008). Effect of stages of 

maturity and ripening conditions on the biochemical characteristics of tomato. American 

Journal of Biochemistry and Biotechnology, 4, 336-344 

Mbajiuka, C., & Enya, E. (2014). Isolation of microorganisms associated with the deterioration 

of tomato, (lycopersicum esculentum) and pawpaw (Carica papaya L.) fruits. 

International Journal of Current Microbiology and Applied Sciences, 3(5), 501-512.  



https://www.acseusa.org/journal/index.php/aijas      American International Journal of Agricultural Studies      Vol. 4, No. 1; 2021 

 

9 

Ossai, I. C., Ahmed, A., Hassan, A., & Hamid, F. S. (2020). Remediation of soil and water 

contaminated with petroleum hydrocarbon: A review. Environmental Technology & 

Innovation, 17, 100526. 

 

Rowe, R. C., Miller, S. A., &  Riedel, R. M. (1995). Late blight of potato and tomato. Ohio State 

University Extension. Extension Fact Sheet HYG-3102-95 

Sanoubar, R., & Barbanti, L. (2017). Fungal disease on tomato plant under greenhouse condition. 

European Journal of Biological Research, 7(4), 299-308. 

Sharma, R. (2012). Pathogenecity of Aspergillus niger in plants. Cibtech Journal of 

Microbiology, 1(1), 47-51. 

Smith, A. F. (1994). The tomatoes in America. University of Ilorin press, Ilorin ISBN 0-252-

07009-7. 

Willey, M. J., Sherwood, M. L., & Woolverton, J. C. (2008). Prescott, Harley and Klein’s 

Microbiology (7th edition). 

Wogu, M. D., & Ofuase, O. (2014). Microorganisms responsible for the spoilage of tomato 

fruits, lycopersicum esculentum, sold in markets in Benin City, Southern Nigeria. 

Scholar’s Academic Journal of Bioscience, 2(7), 459-466. http://Saspublisher.com/sajb-

27. 

 

Copyrights  

Copyright for this article is retained by the author(s), with first publication rights granted to the 

journal. This is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/4.0/). 


