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Abstract | Tomato is a beneficial, economically important and highly consumable crop. Several fungal dis-
eases may affect its yield. Early blight is one of its most destructive diseases. Biocontrol agents are the best-
known source to minimize the attack of pathogen. Tomato leaves infected with early blight symptoms were
collected from Lahore. Pathogen was isolated on PDA and its morphological characters were studied. All the
characters used for identification of pathogen confirmed the culture as Alterneria solani. Ganoderma lucidum
was collected from University of the Punjab, Lahore associated with dead oaks of Dalbergia sisso. Macro
and microscopic identification was performed to confirm the characteristics of G. Zucidum. Interaction of G.
lucidum with A. solani was also observed to measure the disease inhibiting potential. Crude protein extract
was also prepared to observe the inhibitory effect of G. Jucidum against A. solani. The results for interaction of
mycelia of G. /ucidum with pathogen 4. solani reveal that G. lucidum is an eflicient biocontrol agent to reduce
the disease incidence. Crude protein extract was also found beneficial to control the pathogen. The results for
minimum inhibitory concentration (MIC) of crude protein extract reveal that Smg/ml is the concentration,
which inhibited 100% growth of 4. so/ani. It was concluded that either mycelia or crude protein extract of G.
lucidum could be used for pathogen inhibition.
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Introduction fungi. Among them, fungi are much complex organ-
isms than viruses or bacteria. They might develop var-

Tomato is amongst the economically important ious diseases in plants that cause loss of a considera-
and health beneficial vegetable crops worldwide.  ble portion of the crop each year (Juan, 2015). Early

It was grown on about 52300 ha area in 2016-2017, blight caused by Alterneria solani (Ellis and Gibson,
giving 529.6 million tons production (GoP, 2017).  1975) is the most common and disparaging disease of
'There are approximately two hundred known diseases  tomato crop that affect 5 to 50% of the crop yield and
of tomato caused by viruses, bacteria, nematodes and  cause loss of millions of dollars worldwide (Saleem ez
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al., 2016, Kumar ez al., 2018). This disease is devel-
oped in warm temperatures and prolonged phases of
leaf moisture due to heavy rain, overhead irrigation,
or dews. The pathogen might be present on suscep-
tible tomato plants or on solanaceous weeds (Foolad
et al., 2008). This fungus attacks on leaves, shoot and
fruit of tomato plant and causes complete defoliation
in case of severe outbreak (Sobia ez a/.,2019). A num-
ber of chemical fungicides are available in the market
for the crop protection. Some of them are excellent
in terms of efficacy and cost benefit. However, their
indiscriminate use has created the problems of air,
soil and water pollution, development of resistance in
target organisms and serious health hazards due to
toxicity of their residues. Satisfying consumer needs
and taking care of human health and environmental
safety can be achieved either by reducing the usage of
synthetic pesticides or by supplementing with biolog-
ical pesticides. Synthetic pesticides could be supple-
mented with biopesticides as alternative pest and dis-
ease management products (Engindeniz ez a/., 2013).

Ganoderma lucidum (Curtis) P. Karst is a medicinal
mushroom in the group polypores and family Gan-
odermataceae. Due to its capability of medication it
acknowledged terms like “Elixir of life”, “Food of
Gods”, “Mushroom of the Universe”. The extracts de-
rived from G. Jucidum have antimicrobial effect due to
lysozyme and acid protease (Klaus and Niksi¢, 2007,
Garuba ez al., 2020). Its extract has been used against
Bacillus subtilis and Pseudomonas syringes which are

plant pathogen (Ofodile, 2006).

'The current investigation was adopted to observe the
potential of G. ucidum to manage the early blight of
tomato caused by A. solani. For this purpose, mycelia
of G. lucidum were used for interaction against 4. sola-
ni. Crude protein extract was also used to assess the
fungal inhibiting potential of G. Zucidum.

Materials and Methods

Collection of infected tomato

Surveys of tomato fields at Lahore were conducted
during February-March 2016 to collect the infected
leaves with symptoms of early blight. Infected leaves
were cut into 1 cm? small pieces and surface steri-
lized with 1% NaOClI for 1 min. Pieces of infected
leaves were inoculated on PDA plates and incubated

at 25°C for three days (Shoaib ez a/., 2019).

Collection of Ganoderma lucidum

Isolates of G. lucidum were collected associated with
Dalbergia sisso from STC (Student Teacher Center),
Botanical Garden and PU Graveyard in Quaid-e-
Azam Campus, University of the Punjab, Lahore.
Specimens were collected based on morphological
teatures such as size of basidiocarps and pores, color
of upper and lower surface, type of stipe attachment
with pileus and presence or absence of any ornamen-
tations on the surface. Collected specimens were cut
into small pieces, surface sterilized with 1% NaOCI,
inoculated on PDA media and incubated for at 25°C
for three days.

Morphological identification of isolated cultures
Morphological and microscopic characteristics of the
cultures isolated from tomato leaves and basidiocarps
were studied for identification. Colony characters of
the fungal isolates were recorded with respect to color,
shape and nature of the colony (Burkholder ez al,
1954). Microscopic features of fungi such as type of
hyphae, type of spores or conidia, color and shape of
spore or conidia etc. were also observed. Microscopic
teatures of basidiocarps were also observed directly by
cutting their small pieces.

Interaction of Ganoderma Ilucidum with Alternaria
solani

Antifungal potential of G. Jucidum against early blight
of tomato was determined by Dual Culture Method.
An agar disc of 6mm diameter was plugged out from
periphery of agar media and replaced with the disc
of A. solani. The plug of G. lucidum was also inocu-
lated in the center of media plate. 'The inoculated
plates were incubated at 28 C for 7 days. Antagonistic
activity was calculated after 5 days of incubation by
measuring the radius of the 4. so/ani colony in the di-
rection of the G. lucidum (T) and the radius of the 4.
solani colony in the control plate (C). The two read-
ings were transformed into percentage inhibition of
radial growth (PIRG) using the formula developed
by Skidmore and Dickinson (Anupama ez a/., 2015).

Grothe Inhibition(%) = x 100

Where;
C: Control; T: Treatment.

Isolation of crude protein extract

One hundred gram mycelia of G. Zucidum prepared in
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1000 ml potato dextrose broth were extracted with
250 mL extraction buffer (pH 6.5) containing 10 mM
NaH, PO,, 15 mM Na HPO,, 100 mM KCI, 2 mM
EDTA, 2 mM thiourea. Cell disrupter was used for
lysis of cell walls and membranes at 20000 pa pres-
sure to isolate proteins. Cocktail protease inhibitor
(Sigma fast S-3830) was added before cell disruption.
Disrupted material was centrifuged at 10,000 rpm
for 20 min and supernatant was obtained (Miguel ez
al.,1996). This supernatant was used as crude protein
extract and quantified by Bradford assay. The crude
extract with different concentration of 0.5 mg/mL, 1
mg/mL and 2 mg/mL were spread in agar media plate
while the fungal pathogen was inoculated in center of
the plate. Control with pathogen was also used for
comparison of results. These plates were incubated for
5 days at 28°C and then percentage growth inhibition
was observed (Anupama e al., 2015).

Minimum inhibitory concentration (MIC)

MIC is the concentration, which inhibits more than
90% growth of pathogens. Several doses with increas-
ing concentration (100 pg/mL, 200 pg/mL, 400 pg/
mL, 600 pg/mL, 800 pg/mL,1 mg/mL, 1.25 mg/
mL, 1.5 mg/mL, 2 mg/mL, 2.5 mg/mL, 5 mg/mL,
7.5 mg/mL, 10 mg/mL) of crude protein extract were
applied to determine the MIC. The activity assay was
performed for crude extract to observe MIC against
A. solani by using micro spectrophotometry (Broeka-
ert ez al., 1990). In this protocol, 20 pl of fungal spore
suspension (2x10° spores/ml) and 50 pl of crude ex-
tract with different concentrations were added in 100
pl potato dextrose broth. 4. solani and Tris-Cl (pH
7.5) were used as positive and negative controls re-
spectively. Plate was incubated for 30 min to settle
down the materials. After 30 min, the absorbance at
595 nm wavelength was observed with microspectro-
photometer. Further incubation was done at 28 C for
72 h and then its absorbance was observed again at
595 nm. Percentage growth inhibition was observed
with following formula by subtracting the absorbance
value of 72 h with absorbance value of 30 min.

[C (72h) — € (30min)] — [T(72h) — T (30min)]

Growth Inhibition (%) = c72 30mins) x 100
rs — 30mins

Where:
C: Control; T: Treatment.

"Thermal stability of crude protein extract
The temperature stability of the crude protein ex-
tract (Smg/mL) was determined by incubating pro-

tein specimen at high temperatures 80 C, 90 C and
100C for 15 min. After incubation the protein frac-
tions were rapidly cooled in ice water and antifungal
activity assay was performed to measure the thermal
stability of extract by microspectrophotometry.

Statistical ansalysis

Data from invitro experiments were subjected to a
one-way analysis of variance (ANOVA). Mean sep-
aration of treatments was accomplished using LSD
(least significant difference) and the probability of
P-value was taken P < 0.05 to indicate the signifi-
cance of data. All statistical analyses were conducted
using Statistix 8.1.

Results and Discussion

Morphological identification of Pathogen

The fungal isolates had concentric zonation with
regular and smooth margin, colony was matt like in
appearance and greyish-brown at early stage which
become black in color as mature. Conidiophores were
dark brown, usually grow single or in groups and 35-
80 pm in size. Conidia were single, slender, muriform,
olivaceous brown in color with 1-5 longitudinal and
4-9 transverse septation and measured as 55 - 95
pm x 12-20 um with a tapering end (Figure 1B).
Mycelium was containing septate, branched and
pale brown hyphae which turned dark with maturity
(Figure 1A).

Morphological identification of G. lucidum

Fruiting bodies of G. Zucidum were collected from Uni-
versity of the Punjab, Lahore Pakistan growing and
associated with the base of D. sissoo. Basidiocarp con-
sisted of three main parts namely; cap (pileus), stem
(stalk) and pores. Cap was kidney or bracket shaped,
upper side had rough, irregular, corky, tough and var-
nished surface, yellowish towards margins, edges were
oft white at early stages. Cap was 37 cm in diameter
and 5-7 cm thick, soft, moist and leathery at early
stages which became tough and corky with maturity.
Lower surface consisted of minute tubes of 3-18 mm
length, appeared as dense pores (3-8 per um) which
were whitish yellow at earlier and became bruising
brown with maturity. Stalk was 2-15 cm long, 1-4 cm
wide, sometimes straight or twisted having the same
pigmentation as of upper surface. Overall basidiocarp
remained soft and corky but after maturity it became

hard like wood.
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Figure 1: A) Purigied mycelial growth, B) Microphotograph of conidial strutures of Alternatia solani on PDA at 100x (Labomed CXL, Labo

America inc.)

Figure 2: A) Basidiocatp, B) Mycelial growth, C) Hmenium, D) Basidiospores of G. lucidum.

Figure 3: Antagonistic effect of G. lucidum against A. solani; A) Control (4. solani) B anc C) Dual culture (G. lucidum in white colony and

A. solani in black colony showing growth zone of inkibition).

Microscopic study has shown three types of hyphae
(generative, binding and skeletal) with a number of
basidia and basidiospores. Elongated tubes on lower
surface were of brown color and having hymenium all
over its inner surface, producing dark brown double
walled basidiopores which were elliptical and about 9
pm in length. A number of ellipsoidal and thin walled

basidia were also observed (Figure 2).

Antagonistic effect of G. lucidum against A. solani

Results revealed that the maximum growth inhibition
of A. solani in dual culture method was calculated up
to 80% in comparison with control. Zone of inhibi-
tion was separating two cultures exhibiting the an-
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tifungal potential of G. Jucidum against the mycelial
growth of 4. solani (Figure 3).

Activity assay of crude protein extract

In results of activity, assay of crude protein against
A. solani significant growth inhibition was observed
at three different concentrations (0.5 mg/ml, 1 mg/
ml, 2 mg/ml. Among all the applied concentrations
of crude protein extract 2 mg/ml exhibited about
94% growth inhibition potential followed by 1mg/
ml (72%) against A. solani while minimum inhibitory
effectiveness was observed with the 0.5 mg/ml con-
centration which was measured as 43% in combat-
ing with A. solani. Thus the antifungal effectiveness
of crude protein extract of G. fucidum was confirmed

(Figure 4 and 5).

Figure 4: Activity assay of crude protein extract aginst A. solani.
Different alphabet letters indicate significant difference ar 0.05 prob-
ability level.

Table 1: Thermal stability of crude extract.

Treatment %age inhbition
80°C., 15min 100
90°C., 15min 100
100°C., 15min 100

MIC of crude protein extract

In result of MIC of crude extract against A. solani
significant growth inhibition was also observed with
increasing concentration of crude protein extract. As
a result, maximum value for the MIC of crude pro-
tein extract was calculated in case of 2 mg/ml which
was recorded as 92% followed by 5, 7.5 and 10 mg/
ml which have exhibited a stationary phase while in-
hibiting the mycelial growth of 4. solani up to 100%
(Figure 6).

Thermal stability

Crude protein extract (5 mg/mL) of G. lucidum was
heated at 80°C, 90°C and 100°C for 15 min and

found that the crude protein extract has a tremendous
thermal stability even at very high temperatures like
100 °C and exhibited 100% inhibition in the mycelial
growth of 4. solani at this very temperature (Table 1).
Food consumption and its demand is increasing day
by day with the increase of world population, while
crops are threatened by pests and pathogens. Similar-
ly, need and application of fungicides is also increased
because of its instant effect on pest population. Fre-
quent application of fungicides is responsible for envi-
ronmental hazards, residual toxicity and development
of resistance in pathogens against these fungicides
(Sobia ez al., 2019). To minimize the effect of chemi-
cal fungicides, there is dore need to find a biocontrol
agent. For this purpose G. Jucidum was used to check
as a biocontrol agent against early blight of tomato.
The tomato leaves with early blight symptoms were
collected with their proper symptoms. Light brown
to black spots with necrotic lesions on the older leaves
of tomato with diameter of 1-2 mm were observed,
enlarged lesions with concentric rings were also ob-
served. These symptoms agreed on the study of Singh
(1987) while he was working with early blight of to-
mato. Datar and Mayee (1985) also observed symp-
toms with the black lesions on stem and fruit of to-
mato while working with the same infectious disease.
'The isolated fungus was morphologically identified on
the basis of its smooth and regular margins with con-
centric zonation and greyish-brown color were also
observed (Figure 1). The results of the present study
were synchronized with findings of previous investi-
gation of 4. solani (Ellis and Gibson, 1975; Nafisa ez
al., 2017). Single, slender, muriform, beaked and ol-
ivaceous brown conidia with longitudinal and trans-
verse septa were observed. Septate, branched and pale
brown-dark hyphae were observed on mycelia (Figure
1). Ahmad (2002) and Nafisa ¢z a/. (2017) found the
same observations during identification of pathogen
isolated from early blight of tomato. Thus, the path-
ogen causing early blight of tomato was identified as
A. solani.

G. lucidum collected from University of the Punjab,
Lahore Pakistan was associated with the base of D.
sissoo. Ying et al. (1987) have also collected G. lucidum
from the roots and stumps of dead oaks and other
hardwood trees. Kidney or bracket shaped cap
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Figure 5: Antigungal potential of crude protein extract of G. lucidum agaist A. sonani. A) Control, B) 0.5mg/mi, C)1mg/ml, D) 2mg/ml.

Figure 6: MIC of crude protein against A. solani by using Mi-
crospectropotmetry. Different alphabet letters indicate significant
difference at 0.05 probability level.

with rough, irregular, corky and varnished upper side
surface and off-white edges were observed. Wide,
straight or twisted stalk with white pigmentation was
observed (Figure 2). Kapoor and Sharma (2014) also
observed the same features on G. Jucidum. Myceli-
al colony of G. lucidum was white and hyphae with
clamp connection were observed. Three types of hy-
phae (generative, binding and skeletal) with a number
of basidia and basidiospores were observed in case of
microscopic identification. Elongated tubes on lower
surface and hymenium over its inner surface, produc-
ing basidiopores with thin walled basidia were also
observed (Figure 2). Roy ez a/. (2006) wrote the same
identification key for G. fucidum in their book “Amer-
ican Herbal Pharmacopoeia and therapeutic com-
pendium” by analyzing the variability of G. Jucidum
with other species of Ganoderma. Singh et al. (2007)
also observed the same findings to identify the G. /u-
cidum by macro and microscopically. G. Jucidum is a
medicinal mushroom and has been used as biocon-

trol agent to restrict the growth of several fungal and
bacterial pathogens. Interaction between G. lucidum
(antagonistic) and A. solani (pathogenic fungi) reveals
that G. Jucidum has the potential to inhibit the path-
ogens. Ofodile ez a/. (2005) revealed this potential of
restricting the mycelial growth of other fungi is due
to the presence of inhibiting metabolites which G.
lucidum releases after inoculation at its substrate. Yi-
huai ez al. (2003) found that G. Jucidum releases some
secondary metabolites which could be responsible for
its antifungal activity. In this research it is revealed
that crude protein extracted from G. Zucidum is also
a potential inhibitor against the growth of 4. solani.
Uma ez al. (2014) reported that extract prepared from
basidiocarp of G. lucidum could be employed to com-
bat several diseases caused by pathogenic microor-
ganisms (Figure 3 and 4). Anita ez a/. (2016) also used
extracts of Ganoderma to control pathogens. Shahid
et al. (2016) also reported that crude extract prepared
from fruiting body of G. lucidum has the potential to
control the fungal pathogens of Calendula officinalis.
Woo-Sik e al. (2011) reported that G. lucidum se-
cretes some enzymes as extracellular in broth media
that has the potential to reduce the diseases. Hadda ez
al. (2015) also found that G. Jucidum secretes highly
specific extracellular enzymes. Wan ez a/. (2017) used
mycelial extract to isolate glucan sulfate to cure some
diseases. A lectin has also been isolated from myce-
lia of G. lucidum by Kawagishi ez al. (1996). Baig ez
al. (2015) also showed that the extract of G. Jucidum
inhbiting growth of Fusarium oxysporum, Aspergilus
flavus and Alterneria alternata.

'The results from this study conclude that the mycelia
and crude protein extract of G. Jucidum has potential
to control the growth of A. solani, a causal pathogen
of early blight of tomato. Thus G. fucidum may be an
effective biological control agent for early blight of
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tomato as well as a prudent replacement to chemical
pesticides.
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