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Effects of Pulverized Ganoderma Spp., on Sclerotium Rolfsii Sacc and Post-harvest
Tomato (Lycopersicon esculentum Mill.) Fruits Preservation.
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State, Nigeria

Abstract: Ganoderma lucidum Karst and Ganoderma applanatum Pat., were collected from the wild, air
dried, pulverized and screened for fungicidal activity using a popular rot fungus; Sclerotium rolfsii Sacc.,
and as preservative of post-harvest tomato fruits (Lycopersicon esculentum Mill. syn. Solanum
lycopersicum) of the Northern variety. Sclerotia inoculums were dropped aseptically on PDA (Potato
Dextrose Agar) media with different concentrations of separately milled Ganoderma sporophore (0g/250ml,
0.50g/250ml, 1.00g/250ml, 1.50g/250ml, 2.00g/250ml). Each sclerotium inoculated on PDA media
containing different concentrations of Ganoderma lucidum respectively, developed sparse mycelium growth
of the rot fungus when compared with the control. Sclerotia growth inhibition was observed for PDA
medium with 2.00g/250ml of G. applanatum. The tomato fruits preserved with powdered derivatives of
G. lucidum and G. applanatum respectively on exposed plates at room temperature (29 ± 300C) showed
no improvement storage-life nor prevented early rot after 14 days when compared with the control.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill. syn.
Solanum lycopersicum) is one of the most popular and
widely grown fruit in sub-Saharan Africa. It is
informally categorized as vegetable worldwide[2] and
belongs to the family Solanaceae with eggplants,
potatoes and peppers[3]. It is short-lived, perennial and
usually grown in Nigeria as annual plant. The origin of
tomato plant remained controversial amidst reports that
it is native to central, south and south-central
America[24]. Tindall[30] remarked that the Portuguese
traders and freed slaves from West Indies introduced
this plant into West Africa.

Tomato constitutes an important component of the
daily diet of Nigerians, being a good source of
vitamins A, C and E and minerals such as calcium,
iron, magnesium, phosphorus and potassium, it is eaten
in different forms. It is also an excellent source of
lycoprene, a powerful antioxidant potentially capable of
lowering the risk of cancer and heart disease in
humans. Tomatoes are 93% to 95% water with low
calorific content with a nutritional value good for
weight loss, obesity, eye and liver disorder, urinary
tract infection, jaundice etc. Tomato fruits are of
diverse varieties differing in colors (yellow, orange,
pink, purple, brown, white, or green), flavor, shape
(flat, plum or pear), size, growth characteristic
(determinate or indeterminate) and ecophysiological

nature[4]. It is cultivated almost throughout the country
with commercial scale production popular in the
Northern and South Western parts of Nigeria[26].

The commercial production of tomato fruits and
distribution to end consumers across the country is
fraught by a combination of factors important amongst
which are its susceptibility to damage by handling,
post-harvest rot and/or non-rot pathogens[8]. In
developing countries, post-harvest losses of fruits and
vegetables is but at 20% to 50% by Okezie[25], and this
was commonly tackled by the use of synthetic
chemical[17,10,7]. The growing awareness on the health
risks associated with the consumption of chemically
preserved fruits and vegetables, and the long-term
impact of the indiscriminate use of post-harvest
chemotherapeutics on the global environment have
necessitated the search for alternative non-chemical
methods[34]. Heimann[16] remarked that the use of
synthetic chemicals (insecticides, bactericides,
fungicides) potentially alters the quality (aroma, taste,
flavor, color) and nutritional status of post-harvest
tomato fruit.  

Sclerotium rolfsii Sacc. (syns. Athelia rolfsii
(Curzi) Tu & Kimbrough; Corticium rolfsii Curzi;
Pellicularia rolfsii (Curzi) E.West), commonly referred
to as rolf fungus, was first observed in a diseased
tomato by Peter Henry Rolfs in Florida around
1892[32,21]. The fungus is an omnivorous (saprophytic or
parasitic), soil-borne pathogen capable of infecting a
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wide  range  of  agricultural  (sweet  potato, pumpkin,
corn, peanut, wheat, tomato) and horticultural crops of
approximately 500 species and belonging to 100
families in tropical, subtropical and warm temperate
countries including Nigeria[27]. The wide host range,
fastidious growth coupled with its ability to produce
persistent sclerotia contributed to their pertinence in
economic crops (fruits and vegetables) losses and
control difficulty[14]. It attacks stem, shoots, crowns,
fruits and leaves of many plants and was reported by
Erinle[12] and Wokoma[35] to be responsible for the
annual losses incurred by tomato growers in southern
Nigeria. S. rolfsii does not produce wind dispersed
spores and its spread depends on movement of infested
soils, plant material, animals, animal manure,
contaminated equipment and farm equipments[18,27]. 

Cultural or non-chemical practices (crop rotation,
black plastic mulching, deep soil plowing, liming, soil
solarization) and chemical control of pre- and post-
harvest infections of fruit and vegetables were reported
to be high-priced, labour and capital intensive[21]. The
use of amendments such as compost, oat or straw in
small scale farms and greenhouses limit disease
incidence and increase the population of antagonistic or
competitive soil microorganisms. This according to
Holliday[17] is fraught with the risk of the competitive
or antagonistic microorganisms becoming opportunistic.
Thomas and Waage[31] also reported that chemical
control methods of crop infections negatively impact on
the environment and human health while soil
solarization disrupt naturally resident biological
antagonists and competitors[13]. 

This study therefore aims at using two Ganoderma
species (bracket mushrooms) i.e. Ganoderma lucidum
(Curtis) P. Karst and Ganoderma applanatum (Pers.)
Pat. as a low-priced, easy to use, environmentally
friendly mycofungicide of post-harvest pathogens using
S. rolfsii a case study. It also screened Ganoderma
species for mycofungal efficacy in prolonging the
storage life and quality (palatability, monetary value,
freshness and nutritiveness) of perishable crops of wide
economic value such as tomato fruits. 

MATERIALS AND METHODS

Sclerotia of S. rolfsii used for this study were
cultivated in the laboratory using decaying cocoyam
petiole bait buried in soils obtained from tomato farms
located in Ekosodin village, Edo state, Nigeria while
Ganoderma applanatum and Ganoderma lucidum were
harvested from living trees and dead tree trunks in
forests and plantations around Benin City, Edo State. 

Healthy tomato fruits of the Northern variety used
for the study were carefully selected based on
uniformity of size and color from a basket of tomato
purchased in Uselu market, Benin City, Edo state.

All the glass wares used for this study were
washed using a detergent and bleach solution, sterilized
in an electric oven at 1600C for 3 hours and allowed
to cool for 5 hours before use. The inoculating needle
and forceps were also sterilized by dipping into
absolute alcohol, then flamed until it is red hot and
subsequently cooled in alcohol. The inoculating
table/workbench was washed thoroughly with detergents
and surface sterilized with absolute alcohol.

Preparation of Mycofungicide and Preservative: The
sporophores of Ganoderma species harvested and
identified as G. applanatum and G. lucidum
respectively were brought to the laboratory in paper
bags, washed slightly under flowing tap water to
remove all sand debris and air dried to constant weight
after which the fruit bodies were pulverized using a
locally made grinding machine. They were later kept in
aseptic, well labeled, closed jars until used.

Preparation of Culture Media: Two hundred and fifty
gram (250g) of previously purchased potatoes were
washed, peeled, and cut into 12mm2 cubes, rinsed
slightly in clean tap water and boiled for an hour in a
one liter pyrex beaker containing 500ml distilled water.
The preparation was later mashed, filtered with the use
of a muslin cloth after which 25g of agar powder, 20g
of dextrose and 1.25gm of Chloramphenicol were
added to the filtrate respectively. The mixture was
thoroughly stirred, later dispensed into a 2 litre conical
flask and the volume adjusted to 1,250m1 with distilled
water.

G. lucidum and G. applanatum powder were each
weighed out using a top loading siemens electric
balance (AL-120S) into 0.5g, 1.00g, 1.50g and 2.00g
respectively and dispensed into 2 sets of four
previously labeled 250ml conical flasks respectively.
This is followed by the addition of the prepared potato
dextrose agar (PDA) to fill the 250ml mark on each
conical flask. The control flask was filled with PDA
after which the flasks totaling nine were each corked
with a cotton wool wrapped in foil stopper and
autoclaved at temperatures of 1210C, 1.05kg/cm3 for 15
minutes.

Preparation of Stock Culture: Previously cultivated
dark brown sclerotia (# 1mm diameter) of S. rolfsii
were picked with aseptic forceps, placed in a sterilized
petri dish and rinsed several times with distilled water
to remove loose debris, washed briefly in 75% (v/v)
ethanol and 0.1N HCL. The sclerotia were them plated
on previously prepared PDA media and incubated at
room temperature for seven days. The pure mycelia
generated were kept in the refrigerator at 40C as stock
culture.
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Inoculation of Ganoderma-PDA Media: Mycelia from
the stock culture were sub-cultured on solidified PDA
media containing 0.5g/250ml, 1.00g/250ml,
1.50g/250ml, 2.00g/250ml concentrations of G.
applanatum and G. lucidum powder respectively. This
was done in triplicate with each plate properly labeled
and incubated at room temperature. Daily radial
mycelia growth was measured using a meter rule. The
number of sclerotia formed every two days were
manually counted from the first day of appearance and
also recorded. 

Preservation of Tomato with Ganoderma spp.
Powder: Some of the previously selected tomato fruits
were washed using distilled water while the other set
was unwashed. Each set (10 fruits) in triplicate was
placed in a hollow plastic sieve bowl (15cm diameter;
< 6cm deep) previously lined (bottom only) with single
cell thick brown paper and sprinkled with 50g dry
powder of G lucidum and G. applanatum respectively
while the controls were not treated. These were later
left on a laboratory workbench at room temperature
and monitored daily for rot, spot, injury and any form
of blemish for 2 weeks. 

Results: S. rolfsii grew on all the media containing
different concentrations of G. lucidum and G.
applanatum respectively (Table 1). Mycelia growth of
the fungus was slightly inhibited on PDA with
1.50g/250ml and 2.00g/250g concentrations of G.
lucidum respectively on the 5th day of study. Redial
growth data from the other media containing different
concentration of G. lucidum from the first day of
inoculation recorded faster vegetative growth compared
to the control. There is no significant difference
between the control and treated PDA media (P # 0.05).
Mycelia growth retardation was not observed for other
media containing different concentration of G. lucidum
(Fig. 1). Media containing different concentrations of
G. applanatum showed greater inhibitory effect on the
vegetative growth of S. rolfsii especially at
1.50g/250ml and 2.00g/ml while slight inhibition was
recorded at 1.00g/250ml concentration (Table 2)
compared to the control 

Sclerotia were formed in all the media containing
different concentrations of Ganoderma species
respectively after 8 days of inoculation and incubation
at room temperature. The numbers of sclerotia in PDA
cultures containing G. lucidum at different
concentration were inconsistent with the concentration
gradient. Inhibitory effect was observed on all the
media except at 2.00g/250ml and 1.50g/250ml
concentrations on days 6 (161 ± 21.75) and 10
respectively (Table 3). Media mixed with different
concentrations of G. applanatum recorded steady

reduction in sclerotia formation along with increased
concentration with 2.00g/250ml recording the best
effect (9 ± 21.20) two days after the first sclerotium
was observed. There was marked inhibition of sclerotia
formation at concentration of 2.00g/250m1 on PDA -
G. applanatum cultures when compared with the
control. There is a significant difference in sclerotia
number across concentration and control (Table 4).

Pulverized G. lucidum and G. applanatum
respectively were observed to shorten the storage life
of tomato fruits and promote their susceptibility to
quality deteriorating factors when compared to the
untreated/control (Tables 5 and 6). Hundred percent
(100%) spoilage of unwashed tomatoes was recorded in
plastic sieves containing G. lucidum and G. applanatum
dry powder compared with the untreated (significant at
P # 0.05) which recorded slow rotting with about 35%
deterioration by the end of the study. 

Discussion: Preservation process prevents or reduces
microbial growth initiation or their chemical actions
capable of causing food or material decay and/or turned
rancid or spoilt, making such food unfit for
consumption, unmarketable, and forcing their sale far
below the market value[33]. Many fruit rot fungi i.e.
Phytophthora infestans, Sclerotium rolfsii, Fusarium
oxysporium f. sp. lycopersici Synd & Hans etc. are
capable of producing macerating enzymes that can
disarticulate and disintegrate host tissues during
infection accelerating rot development[10,6]. Ryall and
Pentzer[28] observed that rot development during storage
was linked to latent infections initiated from the field.
The control of post-harvest fruits and vegetables
remained a challenge considering the environmental and
health effect exerted by the use of chemical control.
Fungi pathogens responsible for the latent infections in
post-harvest tomato fruits were observed by
Muhammad et al.[22] to be associated with tomatoes
sold in Northwestern Nigerian markets with S. rolfsii
recorded along with F. oxysporum f. sp. lycopersici
Synd & Hans and a bacterium; Pseudomonas
solanacearum E.F.Smith as the most pathogenic.    

Studies relating to chemical, biological and
integrated management of pre-harvest control of disease
causing fungi pathogens of tomatoes in developing
countries including Nigeria are more prolific compared
to post-harvest and storage infections[1,19,25]. S. rolfsii
which according to Latunde-Dada[20] is responsible for
southern blight disease and constitute a major problem
to tomato cultivation in warm regions of the world
grew on all the media containing different
concentrations of G. lucidum and G. applanatum
respectively. PDA media containing different
concentrations of G. lucidum recorded facilitated
vegetative   growth   across   concentration   gradient 
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Fig. 1: A = G.applanatum, B = G.lucidum, C = 4 days old media containing G.applanatum at 1.00g/250ml, D
= 4 days old media containing G.lucidum at 1.00g/250ml, 

Table 1: Effect of G. lucidum on the mycelia growth (cm) of S. rolfsii ± SD
Concentration Day

----------------------------------------------------------------------------------------------------------------------------
2 3 4 5

Control 0.97 ± 0.31 2.10 ± 0.85 3.37 ± 1.27 4.23 ± 0.64
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.50g/250ml 1.43 ± 0.25 2.50 ± 0.92 3.83 ± 0.47 4.25 ± 0.21
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.00g/250ml 1.75 ± 1.47 2.73 ± 0.81 3.70 ± 0.53 4.03 ± 0.64
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.50g/250ml 1.47 ± 0.21 2.30 ± 1.01 3.37 ± 3.83 3.87 ± 0.25
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.00g/250ml 1.57 ± 0.38 2.73 ± 0.55 3.63 ± 0.40 3.83 ± 0.60

Table 2: Effect of G. applanatum on the mycelia growth (cm) of S. rolfsii ± SD
Concentration Day

---------------------------------------------------------------------------------------------------------------------------
2 3 4 5

Control 1.7 ± 0.28 2.1 ± 0.66 3.6 ± 0.54 4.5 ± 0.92
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.50g/250ml 1.2 ± 0.31 2.00 ± 0.44 2.90 ± 0.65 4.20 ± 0.83
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.00g/250ml 1.6 ± 0.60 1.9 ± 0.38 3.2 ± 0.47 4.40 ± 0.51
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.50g/250ml 1.2 ± 0.25 1.4 ± 0.33 2.7 ± 0.53 3.7 ± 0.53
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.00g/250ml 1.2 ± 0.3 1.5 ± 0.26 2.7 ± 0.76 3.3 ± 0.32

compared to the control. Mycelia growth was only
slightly inhibited at 2.00g/250ml on the 5th day of
inoculation despite being statistically significant (P #
0.05). These observations although ran contrary to
expectation, but might be linked to the presence of a
single or combination of growth facilitator
preferentially utilized by the fungus or the absence of
mycelia growth inhibitor(s) that can subjugate the
fungus. In addition, the concentrations used for the
study may be below the threshold (2.00g/250ml) that
is required to cause vegetative growth retardation.
Compared to the control, G. applanatum inhibited the

mycelia growth of S. rolfsii in all the media along
increased concentration gradient. The mild antifungal
efficacy which is significant (P # 0.05) may be
connected to the nature of chemical composition of the
pulverized sporophores of G. applanatum used for the
study. This is in concordance with in vivo antifungal,
antibacterial and medicinal reports on the use of
Ganoderma and related in vitro works such as those of
Abdel-Mellek et al.[1], and Hadizadeh et al.[15] who
used a basidiomycetous yeast (Rhodosporidium
paludigenum) and essential oil of some medicinal
plants respectively.
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Table 3: Effect of G. lucidum on sclerotia formation by S. rolfsii ± SD
Day Concentration

------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 0.50g/250ml 1.00g/250ml 1.50g/250ml 2.00g/250ml

2 94.67 ± 2.38 100 ± 28.28 134 ± 72.12 100 ± 62.23 154 ± 11.31
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 136.67 ± 55.16 98.33 ± 78.56 120 ± 104.46 97 ± 67.51 125.33 ± 18.35
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 145.67 ± 49.60 136 ± 30.20 130 ± 10.50 111 ± 66.19 161 ± 21.75
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 149.00 ± 43.51 145 ± 23.00 136 ± 65.74 148 ± 86.59 164 ± 5.29
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 160 ± 20.00 166.67 ± 29.53 164 ± 64.44 197.33 ± 43.33 190 ± 30.00

Table 4: Effect of G. applanatum on sclerotia formation by S. rolfsii ± SD
Days Concentration

------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 0.50g/250ml 1.00g/250ml 1.50g/250ml 2.00g/250ml

2 154 ± 20.00 136 ± 50.00 134.25 ± 44.16 112 ± 43.29 9 ± 21.20
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 270 ± 49.16 210 ± 72.28 204 ± 55.02 202 ± 30.70 120 ± 10.33
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 321 ± 20.23 224.33 ± 65.19 283 ± 23.35 283 ± 23.35 199 ± 47.54
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 346 ± 28.12 287 ± 74.50 332 ± 59.51 332 ± 59.51 204 ± 80.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 351 ± 66.32 276 ± 112.21 259 ± 35.60 307 ± 94.78 255 ± 80.14

Table 5: Effect of treating tomato fruits with dry G. lucidum powder for a 10 days preservation period (%).
Treatment Day

---------------------------------------------------------------------------------------------------------------------
3 4 8 10

UT - 30 75 100
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UU - - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
WT - 44 75 96
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
WU - - - -
UT= unwashed but treated; UU= unwashed and untreated; WT= washed and treated; WU= washed and untreated

Table 6: Effect of treating tomato fruits with dry G. applanatum powder for a 10 days preservation period (%).
Treatment Day

--------------------------------------------------------------------------------------------------------------------------
3 5 7 10

UT - 55 80 100
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UU - 20 23 33
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
WT - 25 66 78
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
WU - 25 33 35
UT= unwashed but treated; UU= unwashed and untreated; WT= washed and treated; WU= washed and untreated

 Although, literature on the use of edible and medicinal
mushrooms or derived products in reducing post-harvest
losses of economic fruits and vegetables are dearth.
This study is one of the first from Nigeria that
screened mushrooms for antifungal efficacy on post-
harvest pathogens[5,29]. It is therefore pertinent, in light
of global concern for fruits free of chemical residue
and blemish from microorganism, toxins and other
quality deteriorating factors, to study further the
antifungal and post-harvest storage potentials of both
wild edible and medicinal mushrooms by exploring

extraction methods such as oil, water and alcohol.   
Reduction in sclerotia formation was observed in

media with different concentrations of G.lucidum on
the 2nd to 8th day after the first sclerotium appearance.
There was an observed increase in sclerotia number
compared to the control recorded for other
concentrations. The reason for this is not yet
understood but it may be attributed to the physiological
process of acclimatization of the target fungus coupled
with  the  media’s nutritional level and mechanism of
resource utilization[15]. G. applanatum media recorded
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sclerotia reduction across all concentrations with
2.00g/250ml having the best effect. This may be
connected with the presence of yet unidentified potent
inhibitors. Further study on the physicochemical profile
of both mushroom and media, and fungus nutrient
utilization dynamics is therefore pertinent to
understanding the observation recorded[9].

The spade of destruction of perishable crops of
economic value in storage by post-harvest diseases
especially in developing countries as reported by
Agrios[2] and Naurren[23] has encouraged this present
study. Tomato fruits treated with pulverized G. lucidum
and G. applanatum had short storage-life and recorded
high susceptibility to fruit quality deteriorating
pathogens compared to the controls which were without
pulverized Ganoderma treatment. The inefficacy of
pulverized Ganoderma species in the post-harvest
preservation of tomato fruits may be linked to changing
ambient environmental factors caused by the moisture
retaining capacity of the powder used for the
experiment. This according to Wilson et al.[33] and
Naureen[24] predisposed the fruits to attack by fungi
pathogens leading to rots, making them unfit for
consumption by producing mycotoxins. 

G. applanatum has proven to be more efficient
against the mycelia development and sclerotia
formation by S. rolfsii compared to G. lucidum despite
failure to prolong the storage life of post-harvest
tomato fruits. It is important that further studies be
explored to discover the best extraction and application
methodologies that will yield satisfactory results. This
study therefore serves as reference for further related
studies on the use of wild edible and medicinal
mushrooms as panacea of pre- and post-harvest
infections of economic crops in Nigeria.  
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