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against the Fusarium Wilt of Solanum lycopersicum
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Abstract | Fusarium wilt of tomato is a devastating fungal disease with several infectious strategies leading
to the complete death of plant. None of the strategies in controlling the wilt have shown fruitful results. Dual
culture assay was employed is this study to identify the fungal species with their potent antifungal activity
against the Fusarium wilt of tomato. Six distinct fungal species including Penicillium sp., Aspergillus niger,
Aspergillus flavus, Trichoderma harzianum, Alternaria solani and Pythium aphanidermatum showed growth in-
hibition (%) against the pathogen. Penicillium sp. showed maximum growth inhibition (63.85 + 3.26 %) and
its extract showed 9.20 + 0.14 mm zone of inhibition at 1000 mg-L* against the Fusarium wilt. Based on its
higher in vitro antifungal activity, in vivo screen house experiments were conducted. Plants given the treat-
ment as Penicillium + Fusarium showed slight yellowing of the leaves after 60 days of cultivation. Present
results may help in exploiting the Penicillium sp. extract for isolation and structural characterization of its

antifungal compounds.
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Introduction

Several pathogenic species of Fusarium cause dis-
eases in plants with great diversity. These fungal
species can be air borne, soil borne or reside inside
the plant and can be recovered from any part of the
plant (Summerell et al., 2003). Fusarium oxysporum
f.sp. lycopersici (Fol) is a pathogenic fungus that can
cause Fusarium wilt in tomato and lead to economic
loss (Agrious, 2005). Control of wilt diseases depends
mainly on biological control or synthetic fungicides
(Singha et al., 2011). Fungal bio-control agents have
a narrow host range and they act slowly (Copping
and Menn, 2000) whereas use of synthetic fungicides
against phytopathogenic fungi has been questioned
due to their environmental concern and several micro-

organisms have developed resistance to these chem-
ical fungicides (Gaigole et al., 2011). Therefore, con-
trol of these pathogenic fungi has become important
(Bernal et al., 2002) and there is a need to work on
the development of natural product based fungicides.

Natural products, generally known as secondary me-
tabolites show no harmful effects on the producing
organisms while they have deterrent effects on pred-
ators and competitors (Schafer and Wink, 2009).
'The possible use of the natural products as pharma-
ceuticals has been extensively investigated, and it is
estimated that 50% of the clinically approved drugs
in today’s global market are derived from natural
products (Butler, 2008). Fungal novel bioactive com-
pounds have contributed advances in agriculture and
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human health with impacts on societal and economic
growth (Goler, 2007). Therefore, present study was
designed to isolate distinct fungal species and to test
their antifungal efficacy against the Fusarium wilt of
tomato. Moreover, in vivo screening of the bioactive
extract was also conducted in pot experiments.

Materials and Methods

Isolation of fungal species from soil samples

Fungal species were isolated using soil serial dilution
method (Warcup, 1950). The mixed fungal colonies
were further purified by sub culturing the inoculum
from each colony to new petridish (Freitasetal.,2011).

Isolation of endophytes

Healthy plant segments (Stem and leaves) were first
washed with a running tape water to remove dust and
debris. Small pieces of the segments (0.5 to 1 cm in
length) were surface sterilized with 75 % methanol and
by dipping them in mercuric chloride (HgClL) solu-
tion inside biosafety cabinet. The segments were then
rinsed with sterile distilled water twice and were dried
on blot paper. Finally, 5 to 6 segments were placed on
agar plate and the dishes were incubated at 27 °C for
7-10 days. The plates with mixed fungal colonies were
turther purified by sub culturing the inoculum from
each colony to new petri dish (Arnold et al., 2000).

Identification of fungal Species

Fungal species were identified on the basis of their
morphological characteristics and microscopic ex-
amination (Diba et al., 2007). Length and width of
the colony, presence and absence of mycelium, color
and any pigment production were observed as mor-
phological characteristics whereas spore structures
were observed under the light microscope. The fungal
species were identified with the help of Dr. Shaukat
Husain (Mycologist) at the Department of Plant Pa-
thology, The University of Agriculture, Peshawar, Pa-
kistan and relevant literature (Ilhan et al., 2006).

Isolation of Fusarium oxysporum f.sp. lycopersici (Fol)

Infected tomato plants were selected to isolate Fo/ as
described (Singha et al., 2011) . Fungal growth micro
conidia were observed under the microscope (Agrios,
2005).The pure culture was stored at 4 °C.'The fungus

was re-cultured every second month.

Dual culture assays
Dual culture techique was used to test the antifun-

gal efficacy of the isolated fungal species against Fo/
(Mishra, 2010). The petri dishes with PDA media
were first incolucated with the mycelial plugs (5 mm
in diameter) of the isolated fungal species and after
2 days of incubation at 28 °C, the same plates were
inoculated with the mycelial plug (5 mm in diameter)
of the Fo/placed 5 cm away from the antagonists. The
antagonist and the pathogen were incubated for ad-
ditional 9 days at 28 °C. The growth of the pathogen
in both the test and control experiments was recorded
and % inhibition of the radial growth was calculated as:

32

i

%o Inhibition = » 100

Where; G1 = growth of the pathogen in control and
G2 = growth of the pathogen in dual culture.

Well diffusion method

Well diffusion method was used for in vitro antifungal
assay of the crude extracts as described (Sonawane et
al., 2015). Crude extracts (20 pL) dissolved in meth-
anol (10 mg'mL) were poured in wells. Mancozeb
and methanol were used as positive and negative con-
trol respectively. The plates were incubated at 27 °C
for 7 days and zone of inhibition (mm) was measured.

In vivo screen house experimenz‘s of tomato

In vivo antifungal activity of the extract was carried
out in screen house as described (LLee et al.,2001). The
pots were filled with sterilized soil (1 kg) in each pot.
After 10 days of cultivation, 5 mL of the treatment
suspension was applied using hypodermic syringe to
the plants as Fungal Extract (FE), Fusarium (Fus),
Fungal Extract (FE) + Fusarium (Fus), Manzoceb
+ Fusarium (Man+Fus), Fungal Extract (Sprayed) +
Fusarium (FESp + Fus) and Mancozeb (Sprayed) +

Fusarium (1\/IamSp + Fus).

Statistical analysis
Means and standard deviations were calculated using
Statistix 8.1.

Results and Discussion

Isolation of fungal species from soil and plants

Total nine fungal species including Penicillium sp.,
Aspergillus flavus, Aspergillus niger, Alternaria sola-
ni, Trichoderma harzianum, Rhizopus stolonifer and
Paecilomyces lilacinus from soil samples were isolated
whereas Pythium aphanidermatum was isolated from
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the plant samples. Fusarium oxysporum f.sp. lycopersici
was isolated from the diseased tomato plant show-
ing the symptoms of wilt. Geographical location and
sampling methods are important factors in the isola-
tion of fungal species (Gaddeyya et al., 2012). It has
been reported that occurrence (%) of Aspergillus and
Fusarium was more than other fungal species at Wa-
zirabad and Mandi Bahudin, Punjab, Pakistan (Raza
et al., 2013). The environmental factors of soil such
as moisture, nutrients, temperature and pIH affect the

diversity of fungal population (Yu et al., 2007).

Soil microflora have an important role in various bi-
ochemical transformations and mineralization activi-
ties of the soil and plants. Fungi, a diversified kingdom
plays an important role in soil ecosystem especially in
agricultural soils for organic matter decomposition
and release of minerals (Ainsworth and Bisby, 1995).

Dual culture assays

Isolated fungal species were tested for their antag-
onistic activities against Fusarium oxysporum f.sp.
lycopersici. It was observed that out of the nine fun-
gal species, six of them including 4. solani, A. niger,
Penicillium sp., P aphanidermatum, T harzianum and
A. flavus showed antagonistic activity in dual culture
assay. It is clear from Table 1 that the maximum %
inhibition (63.85 * 3.26) was shown by Penicillium
sp. followed by A. niger (51.54 + 1.09) and A. solani
(46.15 = 2.18). A. flavus showed minimum % inhi-
bition (20.00 + 2.18) against the pathogen while P
aphanidermatum and T. harzianum showed % inhibi-

tion 36.16 + 1.09 and 33.85 + 4.35 respectively.

Table 1: Inhibition (%) of six different fungal species
against Fusarium oxysporum fsp. lycopersici in dual
culture assay.

Fungal Species Pathogen Inhibition % =
SD
Aspergillus niger Fusarium 51.54 +1.09
Alternaria solani oxyspom.t@fsp. 46.15 + 2.18
Penicillium sp. eopersici 63.85 + 3.26
Trichoderma harzianum 33.85 +4.35
Pythium aphanidermatum 36.15 + 1.09
Aspergillus flavus 20.00 + 2.18

A zone of inhibition was observed during the dual
culture assay of A. niger, Penicillium sp., 1. harzianum,
P, aphanidermatum and A. flavus against Fusarium ox-
ysporum (Fol). This zone of inhibition is often pro-

duced by the antagonists without hyphae contact by
releasing the inhibitory metabolites such as the secre-
tion of diffusible non-volatile inhibitory substances
known as extracellular exochitinases (Brunner et al.,
2003; Kullning et al., 2000). Hajieghrari et al. (2008)
carried out dual culture assay of 7" harzianum against
Fusarium oxysporum (Fol) and zone of inhibition be-
tween them was suggested as the secretion of exo-
chitinases. Cell fragments of the hosts are dissolved
by diftfusion of these enzymes and which in turn
stimulate further enzymes for rapid growth of 77icho-
derma sp. (Zeilinger et al., 1999). Alwathnani et al.
(2012) reported in his study that P, cizrinum inhibited
F oxysporum {. sp. phaseoli with 53.5 % inhibition. This
may be due to the production of inhibitory substances
such as viridian, terricin and terric acid etc. (Mondal
et al., 2000; Xiao Yan et al., 2006).

In vitro antifungal activity

Based on highest antifungal activity of Penicillium sp.
in dual culture assay, iz vitro antifungal activity of the
crude extract of Penicillium sp. was carried out at three
different concentrations i.e. 1000, 500 and 250 mg-L-
1(Table 2). The extract showed maximum zone of in-
hibition (9.20 + 0.14 mm) against the wilt pathogen
at 1000 mg-L'. Mancozeb, a commercial fungicide
showed 11.70 + 0.57 mm zone of inhibition. Manco-
zeb is a well-known agricultural non-systemic dithio-
carbamate fungicide, which is a mixture of Maneb and
Zineb (Gullino et al., 2010). Its higher antifungal ac-
tivity at 250 mg-L! shows that antifungal compounds
in the crude extract of Penicillium sp. might be in
lower concentration and therefore showed less activ-
ity than Mancozeb even at 1000 mg-L*. Saadabi and
El Amin (2007) investigated the effects of cultural fil-
trates of different fungi in vitro against F oxysporum.

Table 2: Mean zone of inhibition (mm) + SD of
Penicillium sp.

Fungal Species Media Concentra- Zone of Inhibi-

tion (mg'L™") tion (mm) + SD
Penicillium sp. ~ GPYB 1000 9.20 + 0.14

500 4.45+0.21

250 2.40 + 0.28
Positive Control Mancozeb 250 11.70 + 0.57

*Whereas GPYB stands for Glucose Peptone Yeast Extract Broth.

In vivo screen house pot experiment

Due to the higher in vitro antifungal activity of the
crude extract of Penicillium sp. against the pathogen,
in vivo screen house pot experiments were carried
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out. The experiment was conducted twice.

First growing season: Penicillium sp. was selected
for pot experiments based on its higher iz vitro an-
tifungal activity against Fol. The efficacy of its crude
extract was tested in pot experiment. The Roma va-
riety of tomato was selected for pot experiment. The
plant started showing symptoms of wilting after 20
days of cultivation. The disease severity was calculated
as (Grattidge and O’ Brien, 1982): 0 = no symptom, 1
= slight yellowing or wilting, 2 = moderate yellowing
or wilting, 3 = complete wilting and 4 for 100% leaves
yellowed and wilted (Table 3).The plants were given
scale 0 (no symptom) to all the treatments after 20
days. After 30 days of cultivation scale 0 was given
to control and Penicillium (Pen) crude whereas Peni-
cillium + Fusarium (Pen+Fus), Mancozeb + Fusarium
(Man+Fus) while Fusarium (Fus), Penicillium crude
(Sprayed) + Fusarium, Mancozeb (Sprayed) + Fusar-
ium, Penicillium (Filtrate) + Fusarium showed scale 1
(slight yellowing). After 60 days of cultivation, all of
the treatments showed 100 % wilting of the leaves
(Figure 1). Pot experiments showed mixed results in
replicates and no clear idea was drawn from the trail.
The same experiment was repeated in 2nd growing
season of tomato for clear outcomes.

Table 3: Average disease severity scale given to different
treatments in pot experiments during the first growing
season.

Treatments Given Scale
20% 30%  40* 50% 60
Day Day Day Day Day
Control 0 0 0O 0 0
Penicillium (Crude)

Penicillium + Fusarium

Fusarium

Mancozeb + Fusarium
Penicillium (Sprayed) + Fusarium
Mancozeb (Sprayed) + Fusarium

S O O O O O O
I O N
N NN NN N O
W W W W W W o
A A A b b B~ O

Penicillium (Filtrate) + Fusarium

0: 0 symptom; 1 slight yellowing or wilting; 2: moderate yellowing
or wilting; 3: complete wilting; 4: 100% leaves yellowed and wilted.

Second growing season: The experiment was re-
peated in second season due to its inconsistent results
in first season to get reliable and reproducible re-
sults. The pot experiments of tomato plants were
carried out during the month of March-April. The

plant started to show symptoms of Fusarium after 20

days of cultivation. The disease severity was calculated
according to the scale described by Grattidge and O’
Brien (1982): 0 = no symptom, 1 = slight yellowing or
wilting, 2 = moderate yellowing or wilting, 3 = complete
wilting and 4 for 100% leaves yellowed and wilted.

Figure 1: The non-wilted and the wilted plants (a) Control; (b)
Pen+Fus; (c) Fus; (d) Man+Fus, (e) Sfil Pen; (f) 60 days of

plantation.

It was observed that control plants and the plants
given the treatment as only Penicillium (Extract) did
not show symptoms even after 60* day of cultiva-
tion (Table 4). On the 20th day of cultivation all the
other treated plants did not show wilting symptoms.
On the 30™, 40%, 50 and 60™ day of cultivation, the
plant infested with Fusarium showed slight yellowing
or wilting, moderate yellowing, complete yellowing
and 100% leaves yellowed and wilted respectively. The
plants given the treatments as Penicillium + Fusarium
(Pen+Fus) did not show wilting symptoms till 40
day however it showed slight yellowing/wilting on
the 50* and 60™ day. The plants given the treatments
as Penicillium (Sprayed) + Fusarium and Mancozeb
(Sprayed) + Fusarium showed complete wilting of
the plants after 60® of cultivation while Mancozeb +
Fusarium showed moderate yellowing/wilting.

'The in vivo pathogenicity test showed yellowing of
the older leaves as an early symptoms of the tomato
wilt disease. Most of the foliage are affected by turn-
ing yellow and ultimately leads to wilting. The wilting
continues until the plant dies. It has been commonly
reported that tomato plants are attacked by Fusarium
wilt within a growth period of 60 days during flower
initiation. The pathogen proliferates in vascular tissues
through the roots of the plant and breakdown the water
and food supply of the infected plants (Agrios, 2005).
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Table 4: Awerage disease severity scale given to different
treatments in pot experiments during the second growing
season.

Given Scale

20m 300 40" 50% 60
Day Day Day Day Day
Control 0 0 0O 0 O
Penicillium (Extract)

Treatments

Penicillium+ Fusarium
Fusarium
Mancozeb + Fusarium

Penicillium (Sprayed) + Fusarium

W W NN N R O

SO O O O O O
= o= O NN O O
NN R W Rk O

S O O = O O

Mancozeb (Sprayed) + Fusarium

0: o symptom; 1: slight yellowing or wilting; 2: moderate yellowing
or wilting; 3: complete wilting; 4: 100% leaves yellowed and wilted.

Conclusions and Recommendations

Nine fungal species were isolated from soil and plant
samples. Dual culture assays revealed six antifungal
species against Fusarium oxysporum f.sp. lycopersici.
Penicillium sp. showed maximum % inhibition against
the wilt pathogen. The crude extract of the Penicillium
sp. showed 9.20 + 0.14 mm zone of inhibition at 1000
mg-L. In vivo pot experiments showed mixed results
during the first growing season. During the second
season even after 60 days of cultivation the tomato
plant showed slight yellowing or wilting with the ap-
plication of Penicillium extract. These in vitro and in
vivo experiments may help in exploiting the crude ex-
tract for the identification and isolation of antifungal
compounds in future.
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