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Abstract 
Healthy matured tomato at various ripening stages (Mature-green, breaker, turning, pink, 

light-red and red-ripe) were surface inoculated with spores of Fuarium nivale and 

exposed to heat treatment using hot air at 46°C for 1 hour (HA46
1h

), 70°C for 4 minutes 

(HA70
4
), 70°C for 6 minutes (HA70

6
) and hot water at 48°C for 10 minutes (HW48

10
), 

and 42°C for 25 minutes (HW42
25

). Control was similarly set up without treatment. The 

fruits were then stored in dessicators for at 28±2°C at 100% relative humidity. Disease 

severity was observed at 24hrs interval for 11days storage period. Results reveal that 

heat treatment reduced disease severity by F. nivale at all ripening stages within the 

storage period of 11days except HA70
6
, HW42

25
, HA40

1h
 in mature-green fruits. Result 

also indicated HA70
4
 and HW48

10
 were most effective on mature-green and breaker 

tomato fruits, HA70
4
 was most effective on turning and pink fruits, HA70

6
 was the best 

for light-red and HA70
4
 for red-ripe tomato fruits. However, the efficacy of treatment 

depends on the ripening stage of the fruit and the duration of preservation. 

1. Introduction 

Tomato is one of the most important vegetable crops in the world of horticulture. It 

contributes to a healthy and well balanced diet being a very good source of vitamin C, 

molybdemum, potassium, manganese and chromium [1]. 

In Nigeria, the major production occurs in the Northern part of the country and takes 

at least two days before it is made available to the retailers, thereby having a time lag of 

at least 3-4 days between harvest and purchase by the final consumer. Tomato fruits are 

mostly poorly handled and the fruit has to undergo various climatic conditions during 

transportation to other parts of the country before it reaches the retailer or consumer. 

Coupled with Nigeria’s favorable climate to pest and diseases, majority of the tomato 

fruits may be infected with diseases before, duringor after harvest. As a result, the quality 

of the fruits reduces and spoilage occurs within a short time after harvest leading to loss 

of the produce. 

Reduction of loss caused by pathogen can be achieved by good farm practices. However, 

chemical method of disease is commonly used by farmers. Fungicides are used extensively 

for postharvest disease control in fruits and vegetables. Postharvest fungicides can be 

applied as dips, sprays, fumigants, treated wraps and box liners or in waxes and coatings 

[2]. On the other hand, there is an increasing awareness of the potential dangers of some 

chemicals to health and the environment as well as an increasing demand for non- 
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chemically treated produce by consumers. 

There are various non chemical techniques to control 

diseases of postharvest fruits among which heat treatment 

appears to be one of the most effective [3], [4]. There are 

reports of various degrees on success of heat treatment like 

hot air, vapour heat, solar radiation, hot water dip or spray or 

in combination with other methods [5]. 

Heat treatment has been reported to control decay fungi 

Botrytis cinerea and Rhizopuss tolonifer in tomato [6], [7]. 

As yet, there is no such report on the effectiveness of such 

treatment on Fusarium nivale as pathogen of tomato, hence 

prompting this study to investigate the effect of heat 

treatment on the dacay causing fungus at all ripening stage 

through 11 days storage period. 

2. Materials and Methods 

2.1. Sample Source Collection and 

Preparation 

The cultivar used was UTC tomatoes, harvested from Zaria 

and transported to the Biology Laboratory of the Federal 

University of Technology, Akure, Ondo State. Only mature 

fruits were used. Healthy unblemished fruits were sorted from 

the harvested tomatoes. Prior to grading, the tomatoes were 

washed in portable water and then graded as follows; 

Stage 1-fully mature - green 

Stage 2-breaker (green to tarnish yellow, traces of red not 

more than 10%surface area) 

Stage 3-turning (orange to red, greater than 10% but not 

more than aggregate of 30%) 

Stage 4-Pink (orange to red, greater than 30% aggregate 

but not more than 60% surface area) 

Stage 5-Light red (greater than 60% red but not more than 

90% surface area) 

Stage 6-Red (greater than 90% surface area red) (The 

California Tomato Board, 1975) 

The graded healthy tomatoes were rinsed in 0.385%m/v 

sodium hypoclorite solution for surface disinfection. 

2.2. Preparation of Culture Medium 

The culture medium used was Potato Sucrose Agar (PSA). 

Potato extract was prepared, by boiling 250g peeled and 

chopped potato in muslin cloth suspended in 1 litre of water 

for 30minutes. The potatoes were discarded leaving the fluid 

which is the potato extract. To 1 litre of the potato extract in a 

conical flask, 1 litre of water, 20g of sucrose and 20g of agar 

were added and autoclaved for 15 minutes at 121°C for 

sterilization. It was then allowed to cool, poured into sterile 

Petri-dishes and allowed to solidify. 

2.3. Preparation of Inoculum 

Conidia suspension used as inoculum for the experiment 

was prepared from a culture of Fusarium nivale on potato 

sucrose medium in agar. It was transferred with the medium 

into 200ml of sterile water in conical flask and shaken for a 

few minutes to dislodge the conidia. The suspension formed 

was then filtered using sterile cotton wool. The filtrate was 

collected in a sterile beaker. To quantify the number of 

spores, the method of [8] was used following the equation: 

Number of spore ml
-1

 = Average number of sporesx MCF 

where, 

MCF=Microscope Correction Factor =
���� �� �����

���� �� �	
���
��� �	��

 × dilution factor 

Area of Microscope field=πr
2
 

Radius of the microscope field=r 

2.4. Inoculation 

Sterile inoculating needle was dipped into the spore 

suspension containing 2.00×10
5
 spores/ml and the needle was 

then dipped into healthy surface disinfected tomato fruit. The 

needle wound was then covered with vaspar; a mixture of 

Vaseline and paraffin (1:1). 

2.5. Heat Treatment 

The heat treatments used were 

(i)  46°C Hot air for 1 hour (HA46
1h

) 

(ii)  70°C Hot air for 4 minutes (HA704) 

(iii)  70°C Hot air for 6 minutes (HA70
6
) 

(iv)  48°C Hot water for 10 minutes (HW48
10

) 

(v)  42°C Hot water for 25 minutes (HW42
25

) 

(vi)  Control which is untreated 

Hot air was obtained using Gallenkamp oven and heated to 

the required temperature. The hot water treatment was carried 

out in a water bath heated to the required temperature. All 

treatments were replicated five times. After treatment, the 

fruits were stored in sterilized dessicators, placed on the side 

bench in the laboratory at 28°C±2°C. The controls were 

transferred into sterilized dessicators after inoculation 

without heat treatment. 

2.6. Assessment of Disease Severity 

The extent of decay of the fruits were measured as the 

disease severity on the scale of 1 – 5 where; 1 is healthy (no 

decay); 2 is little or slight decay on 20% - 30% decay on 

fruit; 3 is heavy decay on 50% - 60% decay on fruit; 4 is very 

severe on 70 – 80% decay on fruit and 5 is complete decay 

on more than 90% decay of fruit [6]. 

3. Results and Discussion 

3.1. Effect of Heat Treatment on Disease 

Severity of Tomato 

Table 1 shows the effect of heat treatment on disease 



 International Journal of Agricultural Sciences and Natural Resources 2017; 4(6): 43-49 45 

 

severity of mature-green fruits. There was no sign of decay as 

at day 4 in the control and treated fruits except HW42
25

 and 

HA46
1h

 with mean of 1.20, but this was not significantly 

different from other treatments. The severity of disease 

observed in HA70
4
, HW48

10
, and HA46

1h
 treated fruits on 

day 5 was not significantly different from the disease severity 

observed in HW42
25

which had the highest disease index with 

mean of 1.60 and HA70
6
and control which had fruits which 

had no sign of spoilage. Result obtained on day 6 of storage 

showed no significant difference in severity of disease in all 

treated fruits. On the11th day of storage, complete spoilage 

was observed in HA46
1h

 with mean of 5.00 not significantly 

different from HA70
6
 with mean of 4.20. HA70

4
, HW48

10
 

and the control fruits had mean of 1.40, 1.40, and 1.60 

respectively, not significantly different from mean of 

HW42
25

 treated fruits with 3.40. 

On the third day of storage in breaker fruits, there was no 

sign of decay in all the treated fruits except control fruits 

with symptoms and mean of 1.40 which was significantly 

different from all treated fruits. By the fifth day, result 

showed no significant difference in the mean value obtained 

in all the treated fruits. On the sixth day of storage, both 

HA70
4
 and HW48

10
 had mean of 1.20 significantly different 

from other treated fruits. Control, HA70
6
, HW42

25
 and 

HA46
1h

 had mean values of 2.60, 2.60, 2.40and 2.40 

respectively. Both HA70
4
 and HW48

10
 continued to have 

mean value significantly different from other treated fruits till 

11
th

 day of storage. On the eleventh day of storage, both 

HA70
4
 and HW48

10
 had mean value of 1.40 which was 

significantly different from HW42
25

 with mean of 4.20, 

HA46
1h

 with mean of 4.40, HA70
6
 with mean of 5.00 and 

control with mean of 5.00. (Table 2). 

Table 1. Effect of heat treatment on the disease severity caused by F. nivale on mature-green tomato fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.0a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 

HA 706 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 

HW 4225 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 1.60±0.55b 1.80±0.84a 

HA 704 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45ab 1.20±0.45a 

HA 461h 1.00±0.00a 1.00±0.00a 1.00±0.45a 1.20±0.45a 1.40±0.55ab 1.80±0.45a 

HW 4810 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45ab 1.20±0.45a 

Table 1. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 1.20±0.45a 1.40±0.89a 1.60±1.34a 1.60±1.34a 1.60±1.79a 1.25±0.82 

HA 706 2.20±0.84abc 3.40±1.52b 3.80±1.64b 4.20±1.79b 4.20±1.79b 2.16±1.68 

HW 4225 2.40±1.34bc 2.80±1.63ab 3.00±1.87ab 3.40±2.19ab 3.40±2.19ab 2.05±1.51 

HA 704 1.20±0.45a 1.20±0.45a 1.40±0.89a 1.40±0.89a 1.40±0.89a 1.18±0.51 

HA 461h 3.00±0.00c 4.00±0.00b 4.20±0.45b 4.80±0.45b 5.00±0.00b 2.60±1.59 

HW 4810 1.20±0.89a 1.20±0.45a 1.40±0.89a 1.40±0.89a 1.40±0.89a 1.35±0.99 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

Table 2. Effect of heat treatment on the disease severity caused by F. nivale on breaker fruits of tomato fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.00a 1.00±0.00a 1.40±0.55b 1.60±0.55a 1.60±0.55a 2.60±0.55b 

HA 706 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 2.00±0.71a 2.60±0.55b 

HW 4225 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 1.80±0.45a 2.40±0.89b 

HA 704 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 1.20±0.45a 1.20±0.45a 

HA 461h 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.40±0.55a 2.00±0.82a 2.40±0.89b 

HW 4810 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 1.20±0.45a 

Table 2. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 3.80±0.45b 4.20±0.84b 5.00±0.00b 5.00±0.00b 5.00±0.00b 2.93±1.68 

HA 706 3.40±0.55b 4.20±0.45b 5.00±0.00b 5.00±0.00b 5.00±0.00b 2.85±1.69 

HW 4225 3.40±1.34b 3.80±1.64b 4.20±1.79b 4.20±1.79b 4.20±1.79b 2.56±1.73 

HA 704 1.20±0.45a 1.20±0.45a 1.40±0.55a 1.40±0.55a 1.40±0.55a 2.56±1.57 

HA 461h 3.20±1.30b 3.80±1.64b 4.40±1.34b 4.40±1.34b 4.40±1.34b 2.69±1.60 

HW 4810 1.20±0.45a 1.40±0.55a 1.40±0.55a 1.40±0.55a 1.40±0.55a 2.53±1.67 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

In turning fruits, spoilage became noticeable on the second 

day of storage in HW48
10

 with mean of 1.80 which was not 

significantly different from HW42
25

 with mean of 1.40. 

Fruits exposed to HW42
25

 were also not significantly 
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different from HA70
6
 and HW46

1h
 with mean of 1.20 and 

control and HA70
4
 with mean of 1.00. By the fourth day, 

there was noticeable sign of decay in all the treated fruits and 

control. Both HA46
1h

 and control had mean of 2.00 not 

significantly different from HA70
4
 with mean of 1.20, and 

HA70
6
 with mean of 2.40, HW48

10
 with mean of 2.60 and 

HW42
25

 with mean of 2.80. On the fifth day, result obtained 

showed that HA70
4
 had mean value of 1.20 significantly 

different from others, HA46
1h

 had 2.60, control had 3.00, 

HW48
10

 had 3.20 and HW42
25

 had 3.60. On day 9, disease 

severity in HA70
4
 increased to 1.40 significantly different 

from HA70
6
 with mean of 4.80 and others which were 

completely spoilt. By day 11, HA70
4
 had attained mean of 

1.60 significantly different from other treated fruit. (Table 3). 

Table 4 shows the effect of heat treatment on disease 

severity of pink fruits of tomato. Spoilage was noticeable 

from the second day of storage in control with mean of 2.00 

which was significantly different from the observation on 

HA46
1h

 treated fruits with mean of 1.60. HW48
10

 treated 

fruits had mean of 1.20 but was not significantly different 

from other treated fruits with no evident sign of spoilage. By 

the fifth day of storage, the control, HW42
25

 and HA46
1h

 had 

means of 3.80, 3.80 and 3.60 respectively. This was 

significantly different from the mean obtained in HW48
10

 

treated fruits with mean of 2.60. There was no significant 

difference in mean obtained in HA70
6
 treated fruits (3.00) 

and that obtained in HW42
25

, control, HA46
1h

 and HW48
10

. 

By day 7 of storage, the least disease index was observed in 

HA70
4
 with mean of 4.40 while HW42

25
 and HA46

1h
 treated 

fruits were completely spoilt. On the eighth day of storage, 

complete spoilage was observed in all the treated fruits and 

control. 

Table 3. Effect of heat treatment on the disease severity caused by F. nivale on turning fruits of tomato fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.00a 1.00±0.00a 1.40±0.55ab 2.00±0.71ab 3.00±0.71b 3.80±0.84b 

HA 706 1.00±0.00a 1.20±0.45a 1.40±0.55ab 2.40±1.14b 3.00±1.22b 3.40±1.14b 

HW 4225 1.00±0.00a 1.40±0.55ab 2.20±1.10b 2.80±0.84b 3.60±0.89b 4.20±0.45b 

HA 704 1.00±0.00a 1.00±0.45a 1.00±0.71a 1.20±0.45a 1.20±0.45a 1.20±0.45a 

HA 461h 1.00±0.00a 1.20±0.45a 1.60±0.55ab 2.00±0.71ab 2.60±0.55b 3.60±0.55b 

HW 4810 1.00±0.00a 1.80±0.45b 2.00±0.00b 2.60±0.55b 3.20±0.45b 3.80±0.84b 

Table 3. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 4.60±0.55b 5.00±0.00b 5.00±0.00b 5.00±0.00b 5.00±0.00b 3.35±1.70 

HA 706 4.20±0.84b 4.80±0.45b 4.80±0.45b 4.80±0.45b 4.80±0.45b 3.25±1.64 

HW 4225 4.60±0.55b 5.00±0.00b 5.00±0.00b 5.00±0.00b 5.00±0.00b 3.62±1.56 

HA 704 1.20±0.45a 1.20±0.45a 1.40±0.55a 1.40±0.55a 1.60±0.55a 3.18±1.52 

HA 461h 4.40±0.55b 5.00±0.00b 5.00±0.00b 5.00±0.00b 5.00±0.00b 3.31±1.64 

HW 4810 4.40±0.55b 5.00±0.00b 5.00±0.00b 5.00±0.00b 5.00±0.00b 3.53±1.48 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

Table 4. Effect of heat treatment on the disease severity caused by F. nivale on pink fruits of tomato Fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.00a 2.00±0.00c 2.80±0.45c 3.60±0.55c 3.80±0.84c 4.60±0.55cd 

HA 706 1.00±0.00a 1.00±0.00a 1.40±0.55ab 2.40±0.55b 3.00±0.71bc 4.00±0.71bc 

HW 4225 1.00±0.00a 1.00±0.00a 1.20±0.45a 2.60±0.55b 3.80±0.45c 4.60±0.55cd 

HA 704 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.40±0.55a 1.40±0.55a 2.60±0.55a 

HA 461h 1.00±0.00a 1.60±0.55b 2.80±0.45c 3.60±0.55c 3.60±0.55c 5.00±0.00d 

HW 4810 1.00±0.00a 1.20±0.45a 2.00±0.71b 2.60±0.55d 2.60±0.55b 3.80±0.45b 

Table 4. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 4.60±0.55ab 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.85±1.38 

HA 706 4.80±0.45ab 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.42±1.69 

HW 4225 5.00±0.00b 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.56±1.72 

HA 704 4.40±0.55a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 2.98±1.83 

HA 461h 5.00±0.00b 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.87±1.47 

HW 4810 4.80±0.45ab 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.45±1.60 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

In light red fruits, significant signs of spoilage were 

observed on day 2 in control fruits and HA46
1h

 treated fruits 

with mean of 1.80 and 2.00 respectively. Spoilage was also 

observed in HW42
25

 treated fruit but was not significant. On 
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the fourth day of storage, HA70
4
 treated fruits had a mean 

value of 2.00 which was not significantly different from 

HA70
6
 treated fruits with the least disease index and HW42

25
 

and HW48
10

 treated fruits both with mean value of 2.80. The 

HA46
1h

treated fruits had the highest mean value of 3.80. By 

day 7, there was no significant difference in disease index 

observed in all treated fruits; complete spoilage was observed 

on the eighth day of storage in all the treated fruits. (Table 5). 

In red fruit, spoilage was evident in all the treated fruits 

beginning from day 2 (Table 6). The disease index observed 

in day 2 in all treated fruits and control was not significantly 

different from one another, likewise on day 3 of storage. On 

the fifth day of storage, HA70
4
 treated fruits had the least 

mean value of disease severity with 2.80. This was not 

significantly different from HW48
10

 and HA70
6
 treated fruits 

which had mean value of 3.20 and 3.60 respectively. Fruits 

exposed to HA46
1h

 had a mean value of 4.00 which was not 

significantly different from the control and HW42
25

 treated 

fruits with the highest values 4.40 and 4.60 respectively. 

From the seventh day of storage to the eleventh day, 

complete spoilage was observed in all the treated fruits and 

control except HW48
10

 but was not significantly different 

from others through this period of days. 

Table 5. Effect of heat treatment on the disease severity caused by F. nivale on light red fruits of tomato fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.00a 1.80±0.45b 3.20±0.84c 3.60±0.89c 4.20±0.84bc 4.40±0.55b 

HA 706 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.20±0.45a 2.20±0.45a 3.20±0.84a 

HW 4225 1.00±0.00a 1.40±0.55a 2.20±0.45b 2.80±0.45bc 3.20±0.45ab 4.20±0.84b 

HA 704 1.00±0.00a 1.00±0.00a 1.20±0.45a 2.00±0.00ab 2.40±0.55a 4.00±0.71ab 

HA 461h 1.00±0.00a 2.00±0.00b 3.00±0.00bc 3.80±0.45c 4.40±0.55c 4.60±0.55b 

HW 4810 1.00±0.00a 1.00±0.00a 2.20±1.30b 2.80±1.30bc 3.60±1.34bc 4.00±0.71ab 

Table 5. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 4.60±0.71a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.89±1.41 

HA 706 4.80±0.45a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.13±1.83 

HW 4225 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.62±1.55 

HA 704 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.33±1.75 

HA 461h 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.98±1.37 

HW 4810 4.60±0.90a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.56±1.68 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

Table 6. Effect of heat treatment on the disease severity caused by F. nivale on red-ripe fruits of tomato fruits during storage at 28±2°C. 

Treatments 
Days of storage/Disease severity 

1 2 3 4 5 6 

Control 1.00±0.00a 1.40±0.55a 2.40±0.55a 3.60±0.55b 4.60±0.55c 5.00±0.00a 

HA 706 1.00±0.00a 1.40±0.55a 2.00±0.00a 2.60±0.55ab 3.60±0.55ab 4.40±0.55a 

HW 4225 1.00±0.00a 1.80±0.45a 2.00±0.00a 3.60±0.55b 4.40±0.55c 5.00±0.00a 

HA 704 1.00±000a 1.20±0.45a 1.80±0.45a 2.20±0.84a 2.80±0.45a 4.20±0.45a 

HA 461h 1.00±0.00a 1.20±0.45a 2.20±0.45a 3.20±0.45ab 4.00±0.71bc 4.60±0.55a 

HW 4810 1.00±0.00a 1.20±0.45a 2.00±0.71a 2.80±1.30ab 3.20±1.30ab 4.00±1.73 

Table 6. Continued. 

Treatments 
Days of storage/Disease severity 

Mean Total 
7 8 9 10 11 

Control 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.91±1.54 

HA 706 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.64±1.57 

HW 4225 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.89±1.51 

HA 704 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.47±1.65 

HA 461h 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 5.00±0.00a 3.75±1.57 

HW 4810 4.00±1.70a 4.20±0.73a 4.20±1.70a 4.40±1.34a 4.40±1.34a 3.18±1.78 

Means with the same superscript alphabets in a column are not significantly different (p>0.05) by Duncan’s Multiple Range Test 

3.2. Discussion 

The results of this research show that both hot water and 

hot air were effective in reducing disease index in tomato. All 

the hot air treatment (HA70
4
, HA70

6
and HA46

1h
) used in this 

study were effective in the control of F. nivale on tomatoes. 

In mature-green fruits, HA70
6
 and HA46

1h
 inhibited decay 

for 6 days; they also inhibited decay for 4 days in breaker 

fruits. HA70
4
 inhibited decay throughout storage in mature 

green, breaker and turning fruits, providing an effective 

protection against F. nivale. Hot air treatment of mango fruit 

at 48°C for 150 minutes and 46°C for 195 minutes was 
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reported to reduce anthracnose by McGuire [9]. [10] reported 

that 38°C hot air for 72 hours sufficiently inhibited growth of 

A. alternata and B. cinerea on tomatoes. In contrast, [11] 

reported that the treatment of papaya fruit with air 48.5°C for 

3-4 hours did not significantly reduce postharvest disease. 

Using hot water to control F. nivale on tomatoes also 

proved to be effective on this study. HW42
25

 inhibited decay 

in mature green tomatoes for 6 days and in breaker fruits for 

5 days. Hw48
10

 inhibited decay in mature-green and breaker 

fruits for 11 days. The effectiveness of hot water at 52°C for 

15seconds in the reduction of decay development on 

tomatoes was reported by [12]. [13] noted that hot water at 

40°C for 5 and 10 minutes inhibited decay caused by 

Monilinia fructicola in peach fruit. In the same trend, dipping 

cantaloupe fruit inoculated with Fusarium simectectum, 

Cladosporum herbarum and Alternaria alternata in hot 

water at 50°C for 2.5, 5 and 10 minutes as reported by [14] 

inhibited decay by these fungi. Immersion of Oranges 

inoculated with Penicillium digitatum in hot water (75°C for 

150 minutes) reduced decay by 90% when compared with 

control fruits [15]. In the same trend, green mould of 

tangerine was controlled by floating the fruit in 55°C hot 

water for 2-3 minutes [16]. Hot water at 45°C for 30 minutes 

and 47°C for 15 minutes was reported by [17] to make 

‘Kensington’ mangoes resistant to postharvest disease. [18] 

also reported that hot water treatment of Boui mango at 52°C 

for 5 minutes reduced development of postharvest diseases. 

Hot water at 49°C for 29 minutes was reported by [11] to 

effectively control postharvest diseases of papaya fruit. [19] 

reported that part of the effect of hot water is due to its 

potential to remove spores from the wounds and also the 

direct effect of high temperature on the pathogenic agent. 

In green tomatoes, development of decay was inhibited by 

the treatments (both hot air and hot water) for at least 5 days; 

while decay was inhibited all through storage in control. This 

shows that the inability of HA46
1h

, HA70
6
, and HW42

25
to 

reduce disease severity for more than 6 days could be as a 

result of heat stress. Likewise in breaker, disease was 

inhibited for 5 days in control and HW42
25

 treated fruits and 

for four days in HA70
6
 and HA46

1h
. HA70

4
 and HW48

10
 

inhibited decay for 11 days. Decay was also inhibited for at 

least 3-days in turning fruits by all the treatment except 

HA70
4
. Heat stress and pathological stress on the fruit could 

be the reason for the inability of the fruit to inhibit decay for 

longer period. In pink, only HA70
4
 inhibited decay for 5-

days, while others could only inhibit decay for maximum of 

three days. In light red fruits, decay was inhibited by the 

treatment for at least 1 day (HA46
1h

) and at most four days 

(HA70
6
) while in red inhibition of decay was for a period of 

two days minimum in control, HA70
4
, HW42

25
, HA46

1h
 and 

HW48
10

 while it was for 3 days with HA70
4
 treatment. The 

combination of heat stress and pathological stress coupled 

with ripening process may be the cause of the inability of the 

treatment to inhibit decay for longer periods. 

The result presented reveals that heat treatment (hot air 

and hot water) has the ability to inhibit decay in tomato for 

different days. However, further studies are underway to 

understand how the fungi are inhibited as well as the effect 

on the fruit quality. This is necessary to reveal the safety of 

the method on fruits 

4. Conclusion 

This study has demonstrated the effectiveness of heat 

treatment in the preservation of tomato fruits; revealing that 

HA704 was most suitable in preserving mature-green, 

breaker, turning, pink and red-ripe tomato fruits, while 

HA706 was effective in preserving light red fruits. HW4810 

also proved very efficient in the preservation of mature-green 

and breaker tomato fruits, however, the effectiveness of the 

heat treatment used depend on the ripening stage of the fruit 

and the duration of storage. 
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