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ABSTRACT 

Heat treatment as alternative control of Fusarium verticillioides (Sacc: Nirenberg), a stalk-rot 

pathogen of plantain fruits was investigated in vitro. Fusarium verticillioides from decaying stalk 

of plantain fruits was cultured on potato sucrose agar and exposed to hot dry air or steam at 40, 45 

and 55°C for 0, 60, 120 and 180mins respectively and 50°C for 30, 40, 50, 60, 120 and 180mins. 

Hot water was also evaluated at 50°C for 5mins and 53°C for 3mins. Steam at 55°C for 60–

180mins totally inhibited conidia germination and radial growth of F. verticillioides. The hot 

water treatments also inhibited conidial germination and caused a 31% reduction in radial growth 

compared with the control. When fungus was exposed to steam at 50°C for 30-60mins conidia 

germination was between 1.7 and 24.5% only, germ tubes of these germinating conidia were also 

shorter than control. Conversely, 95% conidia or more germinated in control and fungus treated 

with hot air at 40°C. These results showed the temperature-time combinations of hot air, steam 

and hot water  that inhibited the growth of F. verticillioides or significant reduction it and thus, 

emphasized the potential of physical heat treatment in effectively controlling infections by F. 

verticillioides on food substances.           
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INTRODUCTION 
Fusarium verticillioides (Sacc: Nirenberg) is of the Gibberella fujikuroi species complex 

(Britz et al., 1998 and Tudzynski et al., 2008). It is an important pathogen of cereal crops 

such as maize, rice, barley and sorghum; it is also pathogenic on sugarcane, mango, 

pineapple, plantain and banana (Leslie et al., 2004). Fusarium verticillioides causes ear 

and stalk rot in maize (Bojja et al., 2004), stalk rot in plantain (Nwaiwu et al., 2003, 

Aborisade and Akomolafe, 2007), black end decay of banana and it is among the fungi 

complex that is responsible for crown rot of banana (Nelson et al., 2006;Lassois et al., 

2010). It produces mycotoxins such as fumonisin in cereals (Desjardin et al; 2002 and 

Proctor et al., 2004) and moniliformin in banana (Moretti et al., 2004). Fusarium 
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verticillioides produces abundant, mostly single celled microconidia by enteroblastic 

phialidic conidiation (Glenn et al., 2004). Conidia are critical in the infection process of 

F. verticillioides and might be necessary for systemic colonization of its host (Sharon et 

al., 2003).  

Physical heat treatments are effective in the control of fungal pathogen because the 

spores and latent infections are either on the surface or in the first few cell layers under 

the peel of the fruit or vegetable before they become symptomatic (Lurie, 1998). Heat 

damages DNA in both the spores and the vegetative cells; it inactivates germination 

mechanisms in spores  

and destroys the membrane of the cytoplasm, key enzymes and the RNA and ribosome in 

the vegetative cells (Adams and Moss, 1999). 

Postharvest heat treatment solves the problem of chemical residue and development of 

resistant strains associated with chemical method of disease control. It therefore provides 

an alternative to the use of chemicals in postharvest control of pathogens and insects. 

This study provides information on the effects of hot air, steam and hot water on F. 

verticillioides in vitro. 

 

MATERIALS AND METHODS 

Isolation of Fusarium verticillioides and pathogenicity test:  

Wholesome mature green plantain fruits were kept in the desiccators at 98 ± 2 % relative 

humidity and 28° ± 2°C for 15 days. The fruits became diseased after 5 days of storage; 

and developed white mycelia of the fungus at the pedicel and style ends. Fusarium 

verticillioides was isolated from the diseased pedicels and sub cultured until a pure 

culture was obtained on potato sucrose agar. The pure culture was re-inoculated onto 

healthy fruit to determine its pathogenicity and the organism was re-isolated from the 

artificially inoculated fruits. 

 

Effect of heat treatment on conidial germination of Fusarium verticillioides:  

The mycelia-agar of ten day old cultures of F. verticillioides was cut to 7mm diameter 

discs using sterile cork borer. The mycelia-agar discs were exposed to hot air, steam or 

hot water. Hot air and steam treatments were carried out in Gallenkamp incubator and 

water bath respectively at 40° and 45°C for 0, 60, 120 and 180mins and, 50° for 30, 40, 

50, 60, 120 and 180mins and 55°C for 60, 120 and 180mins. Effect of hot water was 

evaluated at 50°C for 5mins and 53°C for 3mins also in the water bath. After each 

treatment, one mycelia-agar disc was transferred into a sterile test tube containing 5ml 

sterile water and shaken vigorously to dislodge the spores from the mycelia. A drop of 

the suspension formed was inoculated on a thin layer of potato sucrose agar on 

microscope slide. Each slide was placed on a support of sterile pieces of broken glass in 

Petri dishes. The set up was incubated for 12 hours at 30° ± 2°C and the percentage spore 
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germination determined in ten microscope fields. The percentage germination was 

calculated using the formulae below:- 

 

                                                                                                                                                                                                                                                                                                           
Percentage germination:  Number of germinated conidia     x 100 

                                                                         Total number of conidia             1 
 

 

Effect of heat treatment on the length of germ tube produced by germinating 

conidia:  

Length of germ tubes produced by germinating conidia was determined under the x40 

objective of a monocular microscope loaded with eye graticule after calibrating the 

microscope with the eye and stage graticules. Germ tube lengths of the germinating 

conidia in millimetres were determined in ten microscope fields.   

 

Effect of heat treatment on radial growth of Fusarium verticillioides:  

Potato Sucrose Agar (PSA) medium was again poured into sterile Petri dishes and 

mycelia-agar discs treated as described above were inoculated face down at the centre of 

the Petri dishes. The set up was incubated at 30° ± 2°C and the radial extension of the 

organism measured daily along four radii of two cross lines drawn on the dishes.  Radial 

extension was obtained as a mean of the measurements along the four radii lines.  

Statistical analysis: Data obtained from percentage conidial germination, germ tube 

length and the radial extension was subjected to analysis of variance and significant 

means were compared at 5% level of probability using the Duncan’s New  Multiple 

Range Test. 

 

RESULTS 

Effect of hot air, steam and hot water on conidia germination and germ tube 

elongation of F. verticillioides incubated for 12 hours:  

When the fungus was pre exposed to hot air at 40°C for 60mins, 98% of its conidia 

germinated. Similarly, 99% germinated when pre exposed to hot air at 40°C for 120 and 

180mins (Table 1). These percentage conidia germinations were higher than the 95% of 

the control; lower percentages however germinated when cultures were pre exposed to 

hot air at 45°, 50° and 55°C for all the exposure periods tried. Germination ranged 

between 89 and 93% at 45°C, 80 and 86% at 500C and 69 and 82% at 55°C (Table 1). 

Conidia from culture pre exposed to hot air at 50°C for 120minutes had the shortest germ 

tube length of 34.4m and was not significantly different (P>0.05) from the tube lengths 

of conidia from cultures treated with hot air at 45°C for 120minutes (36.6μm), 50°C for 

60minutes (36.8μm) and 55°C for 180minutes (38.0μm) (Table 1).  Control however had 
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the longest germ tube length of 60.2μm; this was significantly different (P>0.05) from the 

germ tube lengths obtained from conidia of cultures treated with hot air at 45°C for 

120minutes, 50°C for 60minutes, 50°C for 120minutes  and 55°C for 180minutes. As the 

exposure time increased from 60 to 180mins at 550C, the percentage conidia germination 

and germ tube length reduced; fungus treated with hot air at 550C for 60minutes had 

conidia germination of 82% with an average germ tube length of 63.8µm (Table 1). 

When the exposure time was increased to 120mins, the germ tube length reduced to 

51.0m and to 38.0m after 180 minutes. Generally, steam and hot water treatments 

inhibited conidial germination much more than hot air treatments. Only 6.3%, 24.5%, 

1.7% and 2% of total conidia germinated when fungus was pre exposed to steam at 500C 

for 30, 40, 50 and 60mins respectively (Table 1). Fungus treated with hot air at these 

temperature-time combinations had higher germination percentages which ranged 

between 81 and 86% (Table 1). 

 
Table 1: Effect of hot air and steam on conidia germination and germ  

            tube length of F. verticillioides after 12 hours incubation 
 

Treatment Conidia germination (%) Germ tubelength (m) 

(Temp - time) Hot air                   Steam         Hot air            Steam 
40-60                    98.39±0.21f                        90.30±2.20d        153.8±18.53c     52.4±8.87de 

40-120                  99.81±0.08f                        90.5±2.49d                59.2±12.02ab   44.6±11.46cde 

40-180                  99.44±0.23f               70.00±6.42c        74.2±12.12b    31.6±7.81bcd 

45-60                    93.29±2.40ef                       65.1±9.92c                 44.8±8.21ab    121.0±12.05f 

45-120                  89.54±2.03de                      69.00±10.77c          36.6±5.47a         65.4±10.03e 

45-180                  89.38±2.61de                      66.10±8.56c             70.2±8.64ab       30.6±5.48bcd 

50– 30                  82.06±2.14cd                          6.32±0.85a             58.4±5.48ab         8.9±4.22ab 

50– 40                  86.07±3.93cd                      24.52±6.35b    57.4±4.00ab      32.6±6.46bcd 

50– 50                  85.00±3.27cd                          1.70±0.53a             48.4±5.24ab      56.0±16.00de 

50– 60                  81.26±3.27c                          2.11±0.66a           36.8±6.78a       24.80±.00abc 

50– 120                80.35±3.46bc                         0.00±0.00a                34.4±7.64a           0.00±.00a  

50– 180                82.04±1.97cd                         0.00±0.00a -         0.00±.00a           

55– 60                  82.31±2.08cd                     0.00±0.00a           63.8±13.32ab      0.00±.00a 

55– 120                74.30±2.25ab                     0.00±0.00a           51.0±16.16ab      0.00±.00a 

55-180                  69.26±1.98a                      0.00±0.00a                 38.0±9.17a        0.00±.00a 

Control                 95.03±0.80ef                           95.03±0.80d           60.2±15.71ab   60.20±15.17e 

 

Figures are conidial germination (%) and germ tube lengths (m). Treatment temperature in 0C and minutes of 

exposure are given as hyphenated figures under treatment. Mean followed by the same letter (s) within column are not 

significantly different (P >0.05) using  Duncans’New Multiple Range Test. - = Not Determined. 
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Steam at 50°C for 120 and 180mins and 550C for 60, 120 and 180mins inhibited conidia 

germination in F. verticillioides, while the conidia of the cultures treated with hot air at 

the same temperature-time combinations germinated at between 69 and 82% (Table 1). 

The germ tube lengths of conidia from cultures treated with steam were also generally 

shorter than those from the hot air treated cultures as well as the control. Furthermore, hot 

water at 53°C for 3mins and 50°C for 5mins completely inhibited conidia germination in 

F. verticillioides (Table 1).   

 

Effect of steam, hot air and hot water on radial extension of F. verticillioides: 

 Steam at 55°C for 60mins inhibited radial growth of F. verticillioides for 132hrs of 

incubation,while steam of the same temperature for 120 and 180mins inhibited radial 

growth throughout the 180hrs of study. The culture treated with steam at 55°C for 60mins 

recovered and grew minimally to 5.67 mm on the 156th hour of incubation and 6.55mm 

on the 180th hour of incubation (Table 2).  

 

 

Table 2: Effect of steam treatments on radial extension of F. verticillioideswithin 180 hrs of 

incubation 

Treatment          Period of incubation  (hrs) / Radial extension (mm) 

(Temp–time ) 84hrs           108hrs           132hrs       156hrs        180hrs    

Control 9.1±0.5e             10.9±0.1d          13.0±0.1e       16.67±0.1e     18.50±.15g 

50-30 7.8±0.2c                9.5±0.2c          11.20±0.1d    14.40±0.3d    16.80±.48f 

50-40   8.3±0.4cd          10.2±0.5cd       12.40±0.5e     14.50±0.2d      17.65±.62fg 

50-50   8.7±0.3de         10.6±0.4d     12.70±0.4e    16.25±0.7e       17.80±.61fg 

50-60     8.6±0.7de  10.3±0.8cd       12.10±0.9de   14.40±0.8d        15.50±.19e 

50-120  6.1±0.2b  7.3±0.3b          09.50±0.2c     12.40±0.2c       14.00±.47d 

50-180  5.2±0.1a  5.8±0.2a     06.90±0.5b        8.76±0.7b       10.15±.81c 

55-60                5.0±0.0a                5.0±0.0a            5.0±0.0a            5.65±0.2a       06.55±.29b 

55-120  5.0±0.0a  5.0±0.0a             5.0±0.0a            5.0±0.0a            5.0±.00a 

55-180     5.0±0.0a    5.0±0.0a             5.0±0.0a           5.0±0.0a            5.0±.00a 

Figures are means of three replicates. Treatment temperature in 0C and minutes of exposure are given as 

hyphenated figures under treatment.  Mean followed by the same letter (s) within column are not significantly 

different (P >0.05) using  Duncans’ New Multiple Range Test.      

Figures are means of three replicates. Treatment temperature in 0C and minutes of exposure are given as 

hyphenated figures under treatment.  Mean followed by the same letter (s) within column are not significantly 

different (P >0.05) using New Duncans’ Multiple Range Test.      
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Steam at 50°C for 30 – 180mins, hot water at either 53°C for 3mins or 50°C for 5mins 

and hot air at 50°C for 120 and 180mins and 55°C for 60, 120 and 180mins significantly 

reduced radial growth of F. verticillioides at the 84, 108, 132, 156 and 180th hours of 

incubation compared with the control. On the 84th hour of incubation, the fungus treated 

with steam at 50°C for 30 – 180mins had radial growth of between 5.2 and 8.7mm, those 

treated with hot water at 53°C for 3mins or 50°C for 5mins grew to 5.75 and 6.0mm radii 

respectively (Table 2). Likewise the cultures treated with hot air at 50°C for 120 and 

180mins and 55°C for 60, 120 and 180mins grew between 5.7 and 7.2mm radii compared 

with the radial growth of 9.1mm of the control (Table 3). Similar trends were observed 

on these cultures on the 108, 132, 156 and 180th hours of incubation.  All cultures of F. 

verticillioides pre-treated with steam had poorer radial growth than the cultures pre- 

 

 

Table 3: Effect of hot air treatments on radial extension of F. verticillioides 

within 180 hrs of incubation 

Treatment     Period of incubation (hrs) / Radial extension (mm) 

(Temp –time) 84hrs         108hrs          132hrs         156hrs           180hrs  

Control           9.1±0.5cd       10.9±0.2cd          13.0±.17c        16.65±.14cd       18.50±.15c 

50-30              9.4±0.2d         11.3±0.4d            13.70±.28c    17.15±.48d          19.40±.58c 

50-40              8.6±0.1c         10.3±0.1c             12.65±.18c     12.15±.32b         15.50±.43b 

50-50              9.8±0.4d         11.58±0.4d          15.20±.13d     19.75±.31e         21.75±.68d 

50-60  9.1±0.3cd       11.08±0.2d           13.40±.33c      16.00±.60c         18.20±.53c 

50-120            7.2±0.4b           8.92±0.2b           11.15±.40b      13.60±.62b        15.33±.63b 

50-180            6.8±0.3b          8.67±0.3b           10.50±.42b      13.60±.58b        15.10±.66b 

55-60              7.0±0.2b           9.08±0.2b           10.90±.23b     13.35±.16b         15.25±.13b 

55-120            5.7±0.2a           6.42±0..4a          08.60±.69a      15.65±.51a        12.92±.60a 

55-180  6.1±0.1a             6.75±0.1a          08.40±.19a       10.55±.18a     12.92±.19a 

 

Figures are means of three replicates. Treatment temperature in 0C and minutes of exposure are given as 

hyphenated figures under treatment. Mean followed by the same letter (s) within column are not significantly 

different (P >0.05) using Duncans’ New Multiple Range Test.       
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treated with hot air of the same temperature–time combinations and the control (Tables 2 

and 3). Furthermore, as the steam temperature increased at a particular exposure time, 

radial growth decreased in almost all treatments (Table 2).  

For example, as exposure time increased from 60 to 180mins in steam at 500C radial 

growth decreased from 8.58mm to 5.17mm on the 84th hour of incubation (Table 2).  Hot 

water treatments at 500C for 5mins or 530C for 3mins resulted to the least radial extension 

on the 84th hour of incubation (Table 4). These cultures grew to 14.75mm and 14.00mm 

respectively on the 180th hour of incubation when the control had the greatest radial 

growth of 18.50mm (Table 4). 

 

DISCUSSION 
This study showed that hot air and steam at 45°C for 60-180mins, 50°C for 30-180mins 

and 55°C for 60-180mins either reduced the conidial germination of F. verticillioides or 

completely inhibited it. Only steam reduced conidia germination at 40°C for 60-

180minutes while hot water treatments were effective against the conidia germination of 

the fungus at 50°C for 5mins and 53°C for 3mins. The radial growth of F. verticilioides 

was also reduced by the steam and hot water treatments when compared with the control.  

Akomolafe and Aborisade (2010) reported that hot air at 50°C for 50mins, steam at 50°C 

for 40mins and hot water at 53°C for 3mins protected plantain fruits stored in ambient 

temperature of the tropic and high relative humidity of  99±1% from rot caused by F. 

verticillioides for 50 or 70days.  These temperature–time combinations also caused a 

significant reduction in the percentage conidia germination of the fungus in this present 

study. Similar reduction was also observed with the radial growth of the fungus when 

treated with the steam and hot water temperature-time combinations reported.   This 

shows that the decreases observed in percentage conidia germination and the radial 

growth of the treated cultures over the control when complete inhibition did not occur 

 

Table 4: Effect of hot water treatments on the radial extension of F. verticillioides 

Treatment Incubation period (hrs) / Radial Extension (mm) 

(Temp–time)   84               108              132                 156                180 

50-5  6.00±0.00a  7.75±0.13a       9.80±0.13a      12.67±0.14a     14.75±0.22a 

53-3                5.75±0.17a        7.42±0.19a      9.90±0.10a     12.60±0.16a     14.00±0.26a 

Control  9.10±0.15b     10.90±0.19b   13.0±0.17b     16.67±0.14b   18.50±0.15a 

------------------------------------------------------------------------------------------------------------------------------ 

Figures are means of three replicates. Treatment temperature in 0C and minutes of exposure are given as hyphenated 

figures under treatment. Mean followed by the same letter (s) within column are not significantly different (P >0.05) 

using  Duncans’ New Multiple Range Test. 
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in this study is significant. Reductions in conidial germination and radial growth may be 

due to injuries caused on the organism by the treatments which might have resulted in 

outright loss in growth abilities or disruption of the process. Adams and Moss (1999) 

reported that physical heat damages DNA in both the conidia and the vegetative cells, it 

also inactivates germination mechanisms in spores and destroys the membrane of the 

cytoplasm, key enzymes and the RNA and ribosome in the vegetative cells. The 

extremely high number of conidia needed to be inactivated in this in vitro study may not 

occur on fruits in vivo, thereby making the treatments to have a multiplying effect in vivo 

on the few existing conidia or the subcuticular hyphae in the fruits (Coates and 

Gowanlock, 1993Akomolafe, 2014). This study showed that conidia germination of F. 

verticillioides as well as its radial growth is sensitive to physical heat. At 84 hours of 

incubation, cultures treated with steam either showed lower radial growth than the control 

or did not grow at all, the cultures treated with hot air at 50°C for 40, 120 -180minutes 

and 55°C for 60-180minutes also had lower radial growth than the control. Generally, 

steam and hot water treatments were more effective than the hot air treatments. Steam at 

50°C for 30-180mins and water at 53°C for 3minutes or 50°C for 5minutes reduced radial 

extension of the fungus when hot air at 50°C for 30 and 50mins enhanced it. Hot air at 

45° and 50°C also reduced conidial germination only when steam and hot water 

treatments inhibited it and where germination occurred at all the germ tubes were short. 

The reports of Shellie and Mangan (1994) and Lurie (1998) also showed water as the 

most efficient heat transfer medium followed by the steam or vapour treatment and then 

dry air as observed in this study. This study also showed that the higher the temperature-

time combinations the lower the conidial germination and the radial growth of the fungus 

in almost all cases. Akomolafe and Aborisade (2010) reported that the temperature-time 

combinations of hot air at 50°C for 50minutes effectively controlled F. verticillioides on 

90 day old plantain fruits, steam at 50°C for 40 minutes on 80, 90 and 100 days old fruits 

and hot water at 50 for 5minutes controlled the fungus on 90 days old plantain fruits and 

53°C for 3 minutes was effective on 80 and 90day old fruits. The study showed that 

physical heat can be relied upon in the post harvest management of F. verticillioides on 

plantain fruits and other commodities.  
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