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Botrytis fabae incites chocolate spot, one of the most devastating fungal diseases infecting and
constraining faba bean cultivation in Ethiopia. Culturing of B. fabae and mass production of its infective
conidia has been very difficult for pathological researches on the disease caused by this fungus.
Therefore, two in vitro experiments were conducted to evaluate influence of culture media on mycelial
growth and sporulation of B. fabae. Ten and six separate media were evaluated for mycelial growth and
sporulation, respectively. A 6 mm agar plug of fresh B. fabae culture was inoculated to each medium,
arranged in CRD with 4 replications and were incubated at 22°C. Of the media tested, significantly
highest (89.40 and 88.15 mm) mycelial growth were recorded on chickpea dextrose agar (CDA) and
soybean dextrose agar (SBDA), respectively. Sabouraud dextrose agar supported the lowest (66.40 mm)
mycelial growth 7 days after inoculation at 22°C. Significantly excellent conidial formation and spore
count were recorded from Chrysanthemum flower dextrose agar (CFDA) medium (1.07 x 106/ml). Potato
dextrose agar (PDA) was found inferior both in growth and sporulation of the fungus ad compared to
those tested media which exhibited maximum mycelial growth and excellent sporulation. The overall
results of this study indicated that cultural characteristics, mycelial growth and sporulation of B. fabae
were influenced by media sources, implying that CDA and SBDA were best suited for mycelial growth.
CFDA supported maximum sporulation and conidial production as compared to PDA medium. This
study might be helpful for studying various aspects of B. fabae and further enhanced by complementing
the tested media with different C, N and salt sources to investigate various biological and molecular
characteristics of the fungus.
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INTRODUCTION

The economic importance of faba bean (Vicia faba L.) animal consumption because of its rich protein and
cultivation in the world can be explained by its high carbohydrate contents as well as for improving soil
nutritional value. It has been used both for human and fertility as a green manure and nodulating crop for N,
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fixation (Mathews and Marcellos, 2003; Stoddard et al.,
2010). It has also significant rotational benefits
predominantly in cereal-based farming systems, by
suppressing cereal fungal and bacterial diseases,
nematodes and weeds (Salmeron et al., 2010). However,
there has been a steady reduction in the cultivated area
of faba bean due to several reasons. Under the Ethiopian
conditions, fungal diseases have always been the major
limiting factors of faba bean cultivation. Of such fungal
diseases, chocolate spot (Botrytis fabae Sard.) is highly
(94.6%) prevalent in main faba bean growing areas of
Ethiopia (Endale et al., 2014) and the disease caused up
to 34 and 61% yield losses on tolerant and susceptible
faba bean varieties, respectively (Dereje and Yaynu,
2001). Currently, a yield loss of up to 68% has been
reported in northern Ethiopia (Sahile et al., 2010).

A number of physiological and environmental factors
are known to influence growth and reproduction of fungi.
Likewise, B. fabae requires several specific growth
conditions for growth and reproduction. It is well known
that growth and sporulation are important phases during
the life of fungi, which is considerably influenced by
external growth factors (Mishra and Tripathi, 2015).
Among the external growth factors, nutrition was one of
the determinants that were previously proved by several
workers in many fungal pathogens using different culture
media sources (Kasar et al., 2004; Rani and Murthy,
2004; Younis et al., 2004; Kim et al., 2005; Zhao et al.,
2010; Lazarotto et al., 2013).

Although, only a few culture media types, which
supported the radial growth, dry weight growth and
sporulation of the fungus, have been reported to favor the
isolation of B. fabae, the nutrient requirements for good
growth of the fungus do not imply the nutrient
requirements for good sporulation. Previous attempts to
find suitable culture media to obtain good sporulation of
B. fabae experienced difficulty (Leach and Moore, 1966;
Dereje, 1993). Recently, a re-investigation on suitable
media and ambient temperature levels on growth and
sporulation of B. fabae has been started using semi-
synthetic growth media including faba bean dextrose
agar where sufficient conidial production was a problem
(Terefe et al., 2015). Thus, lack of efficient culture media
that support vegetative growth and sporulation of B.
fabae has been an impediment to mycological and
pathological studies related to the fungus. Therefore, to
deal with this problem and to improve the understanding
of the often different growth media requirements for
growth and sporulation of B. fabae, the present
investigation was undertaken to determine the best
culture media type(s) for rapid mycelial growth and
sporulation of B. fabae under controlled conditions.

MATERIALS AND METHODS
Isolation and culturing of B. fabae

The specific B. fabae isolate used in this study was purified from

naturally infected faba bean plants cultivated during the 2015/2016
main cropping season at Haramaya University Crop Research Site,
Ethiopia. Faba bean infected leaflets with typical chocolate spot
lesions were surface-sterilized by 5% sodium hypochlorite solution
for 3 min, rinsed in sterile distilled water and dried with a sterile
blotting paper. The patch specimens were placed on the surface of
PDA medium in Petri dishes (ICARDA, 1986). The Petri plates with
2 to 3 mm pieces of specimens were kept in a glass case at room
temperature (18 to 20°C) under 12 h day/night alternating cycles
using fluorescent light and examined them five to seven days after
inoculation (DAI) for emerging fungal colonies (Sahile et al., 2011).
Purified cultures of the isolate were done on faba bean dextrose
agar (FDA) medium at room temperature under 12 h of day/night
alternating cycles of light as used by Zakrzewska (2004) and Terefe
et al. (2015).

Medium preparation

With a view to find out the medium that best suits for the mycelial
growth, conidia production, sporulation and other cultural
characteristics of the fungus, 10 culture media, viz soybean
dextrose agar (SBDA), field pea dextrose agar (FPDA), faba bean
dextrose agar (FDA), potato dextrose agar (PDA), PDA
complemented with faba bean meal (MnPDA), chickpea dextrose
agar (CDA), chrysanthemum flower dextrose agar (CFDA), oat
meal agar (OMA), sabouraud dextrose agar (SDA) and malt extract
agar (MEA) in solid states were compared. Preparation procedures
of each growth medium are presented as follows:

Preparation of FDA medium

200 g of faba bean seeds were rinsed in distilled water and surface-
sterilized with 5% sodium hypochlorite solution for 3 min and placed
into a 2 L flask. Next, 1 L of distilled water was added and the
content was autoclaved in 121°C for 30 min. The resulting brew
was filtered through two layers of gauze and complemented to a
volume of 1 L of sterile distilled water. Next, 39 g of PDA and 5 g of
agar were added and the brew was autoclaved again in 121°C for
15 min (Zakrzewska, 2004). Allowed to cool (below 50°C) and 20
ml of the medium was poured into each sterilized Petri plate.

Preparation of SBDA, FPDA and CDA media

300 g of soybean, field pea and chickpea seeds of each were
rinsed in distilled water and surface-sterilized with 5% sodium
hypochlorite solution for 3 min and placed into a 2 L flask. Next,
similar procedures as in FDA preparation was followed.

Preparation of fresh PDA

200 g of fresh potato tubers were peeled and sliced into pieces.
They were boiled in 1 L of distilled water for 40 min. The infusion
was strained through two layers of cheesecloth and the potato
slices were discarded. 20 g glucose and 15 g agar were added to
the potato infusion and stirred together. The volume was
complemented with 1 L of distilled water and autoclaved, cooled
and poured to plates as in FDA preparation.

Preparation of MNnPDA medium

Standard PDA medium was supplemented with faba bean seed
meal (20 g of the meal per 1 L of the medium). The meal was
prepared by soaking faba bean seeds in distilled water for 24 h
under laboratory conditions. The imbibed seeds were heated at



90°C for 30 min and the testas were removed. The resulted seed
mass was placed in flasks and autoclaved in 121°C for 30 min.
Next, it was dried at a temperature between 80 and 100°C and
milled (Zakrzewska, 2004; Terefe et al., 2015). The supplemented
PDA was autoclaved, cooled and poured to plates as described in
FDA preparation.

Preparation of CFDA medium

25 g of well dried Chrysanthemum flower was milled; and the
powder was supplemented with 15 g of agar and 1 g of dextrose in
1 L of distilled water. The content was, then autoclaved, cooled and
poured to plates as described in FDA preparation.

Preparation of MEA

20 g of malt extract was suspended in 1 L of distilled water and
heated to boiling to dissolve the medium completely. The mix was
complemented with 5 g of mycological peptone and 15 g of agar
powder. The content was thoroughly mixed and sterilized, cooled
and poured to plates as indicated in FDA preparation.

Preparation of SDA medium

10 g of mycological peptone was suspended in 1 L of distilled water
containing 40 g of dextrose and 15 g of agar. The content was
mixed and heated to boiling to completely dissolve the mix. The
medium was then autoclaved, cooled and poured as in the others
sections.

Preparation of OMA medium

60 g of oat meal was suspended in 1 L of distilled water. Twelve
and half gram of agar was added to the mix and heated to boiling to
dissolve the medium completely. The content was sterilized by
autoclaving, cooled and poured to plates as described in the above
sections.

Evaluation of culture media for mycelial growth of B. fabae

Mycelial plug measuring 6 mm diameter was taken from the actively
growing margin of 6 day-old culture using a sterile cork borer, and
placed upside down in the center of each medium in a 9 cm Petri
dish. The Petri plates were immediately sealed with parafilm and
arranged together in completely randomized design with four
replications. All the plates were incubated at 22°C for 14 days and
all the activities were done under aseptic condition inside laminar
flow. Visual observations with regard to colony growth were made
starting from 2 DAI. The colony diameters (mm) were measured in
two directions at right angles to each other starting from 2 DAI at
every 24 h interval until the mycelium fully covered the Petri dish.
The colony diameter was determined by subtracting radius of
centrally circular mycelial plug from the colony radius of fungal
growth after each measurement. Colony morphology, shape and
other cultural characteristics were observed with naked eye
throughout the incubation period and characterized at full plate
colony growth (7 to 11 DAI). The conidia formation was graded as: -
= no sporulation, + = poor, ++ = fair, +++ = good and ++++ =
excellent (Smita and Dhutraj, 2017). The experiment was repeated
twice.

Evaluation of culture media for sporulation of B. fabae

Six different culture media types (MnPDA, FDA, OMA, FPDA, PDA
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and CFDA), which showed promising conidiation ability during the
course of culture media evaluation for mycelial growth, were
upgraded to this set of experiment. The efficacy of each medium on
conidia production was determined by observing and counting the
number of spores per ml of spore suspension. The same procedure
for inoculation and incubation, as above was followed to evaluate
influence of different growth culture media on sporulation of B.
fabae. For spore count, 14 day-old culture of each medium was
considered.

Each plate was flooded with 10 ml of sterile distilled water and its
entire surface was gently rubbed with a glass rod several times to
release all the spores. The spore suspension obtained was filtered
through two layers of sterile gauze and was poured into a small
beaker, the plate was rinsed thoroughly, and the final volume was
adjusted to 20 ml by adding sterile distilled water (Lazarotto et al.,
2013). For CFDA medium, being conidia dislodging with washing
was not successful, the medium was suspended in 20 ml sterilized
distilled water and gently milled with the help of laboratory blender
to ensure complete detachment of spores. The solution was filtered
through two layers of sterile gauze to discard mycelial fragments.
Sporulation was determined under the microscope by counting 4
samples per replicate. The number of spores was counted and
measured using the Malassez haemocytometer slide under an
optical microscope field of vision (10x eyepiece and 40x objective).

Statistical data analysis

Data from two runs of experiments were pooled after confirming
homogeneity of variances for growth and sporulation evaluation.
Analysis of variance was performed to determine influence of
different culture media sources on mycelial growth rate and
sporulation of B. fabae using SAS GLM Procedure (SAS Institute,
2001). The numbers of conidia per milliliter were analyzed after
logarithmic transformation of the values obtained (Pefoura et al.,
2007). Mean separations were made using the least significant
difference (LSD) test at 0.05 probability level. Regression analyses
of diameters of colony radial growth against time after inoculation
were performed and the slopes were used as measures of growth
rates (mm day®) for each culture medium source treatment
(Ramirez et al., 2004). Bartlett's variance homogeneity tests were
performed for each variable before combining data over the two
runs of experiments both in radial growth and sporulation studies
(Gomez and Gomez, 1984).

RESULTS
Effect of culture media on mycelial growth of B. fabae

All tested culture media supported growth of the fungus
to various degrees and the culture media significantly (P
< 0.05) affected mycelial growth of B. fabae (Table 1).
The mean colony diameter measured with the entire test
media ranged from 66.40 (on SDA) to 89.40 mm (on
CDA) at 7 DAL. Among the tested culture media sources,
CDA (89.60 mm) and SBDA (88.15 mm) medium showed
statistically similar mycelial growth and both were found
to be more suitable for vegetative growth than the other
culture media. While, MnPDA (85.40 mm) and FDA
(84.53 mm) also showed comparably maximum growth
as the most suitable ones. The third group of culture
media included OMA (81.90 mm), FPDA (81.65 mm) and
CFDA (81.15 mm) produced moderate mycelial growth
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Table 1. In vitro evaluation of the effect of different growth culture media sources on radial colony growth (mm), radial growth rate (mm day ™)

and conidial production of B. fabae incubated at 22°C.

Medi Radial colony growth (mm) after different time periods Radial R? Conidial
SIN ty;euljm (h) of inoculation and incubation 2 growth rate o) production
48 72 96 120 144 168 (mm day™) after 14 days

1 CDA 33.76° 37.28% 57.03%* 77.65° 88.03% 89.40% 0.537 93.7 +

2  SBDA 2928  32.40° 48.03° 66.65° 81.15° 88.15° 0.547 96.7 +

3  MnPDA 30.78° 34.28° 46.28° 66.90° 81.78" 85.40° 0.519 95.1 e+

4  FDA 20.78°  24.15%  41.15° 55.03° 7565° 84.53° 0.581 97.3 .

5 OMA 27.65°  33.14°  46.40° 56.65° 69.03° 81.90° 0.463 98.4 ++

6 FPDA 24.78°  27.90° 44.90° 57.78° 74.78° 81.65° 0.521 97.2 ++

7  CFDA 11.70°  27.90°  41.40° 59.25° 74.40° 81.15° 0.601 97.7 .

8 PDA 17.03"  20.40° 31.90%® 46.03% 59.28° 77.78¢ 0.517 95.7 ++

9 MEA 16.400  21.40° 3453%° 4540° 60.65° 73.65° 0.494 97.9 +

10 SDA 15.65' 18.65"  29.27° 39.53° 5290" 66.40 0.437 95.8 -
Mean 22.78 27.75 42.09 57.09 7177 81.00 0.522
LSD (0.05) 2.67 2.24 3.17 3.30 3.17 2.29
CV (%) 8.12 5.59 5.29 3.99 3.05 1.96

Means of radial growth followed by different letter (s) in the same column are significantly (p < 0.05) different. * CDA = Chickpea dextrose agar; SBDA
= Soybean dextrose agar; MNPDA = standard PDA amended faba bean meal; FDA = Faba bean dextrose agar; OMA = Oat meal agar; FPDA = Field
pea dextrose agar; MEA = Malt extract agar; PDA = potato dextrose agar; SDA = Sabouraud dextrose agar; CFDA = Chrysanthemum flower dextrose
agar. ?Radial growth was determined as average of two runs of experiments on radial colony growth of B. fabae. * Linear radial growth rates were
estimated as the slope of the following function: Colony diameter = Radial growth rate x time + b. * - = No; + = Poor; ++ = Fair; +++ = Good; and ++++

= Excellent conidia production

and they were statistically on par with each other. The
rest culture media had mycelial growth of the fungus
ranging from 66.40 to 77.78 mm. One of the most
commonly exploited culture media for growth of many
fungal pathogens, PDA, supported the third least mycelial
growth (77.78 mm) of the fungus under study.

Fresh culture media source complements prepared
from chickpea, soybean, faba bean and field pea further
promoted mycelial growth from moderate to higher
mycelial growth of the fungus than on synthetic culture
media sources tested. The fungus displayed a growth
rate ranging from 0.437 to 0.601 mm day'1 where a
slower (0.437 mm day"l) growth rate was calculated on
SDA medium than on the other culture media sources
tested at 22°C. Thus, radial growth rate was affected by
variation in culture media sources. At the tested
temperature, mycelial growth on CDA and SBDA media
reached the edge of the Petri plate about seven DAI and
incubation, implying that mycelial growth of B. fabae was
culture media dependent.

Effect of culture media on sporulation of B. fabae

There was significant variation in spore density per
culture medium used and culture media significantly (P <
0.05) affected conidia production and sporulation of B.
fabae (Table 2). Among the six culture media sources
upgraded and tested for conidiation and sporulation,

excellent (1.07 x 10° spores/ml) spore count of the fungus
was observed on CFDA medium at 14 DAI and
incubation, which was significantly different from the
other tested media. In order of suitability for sporulation,
CFDA was followed by MnPDA (2.61 x 10° spores/ml)
and FDA (2.42 x10° spores/ml), which showed good
degree of sporulation of the fungus. The rest three culture
media sources including OMA (6.2 x 10* spores/ml),
FPDA (5.1 x 10* spores/ml) and PDA (7.0 x 10*
spores/ml) were found to be less favorable for sporulation
of the fungus than the other culture media where their
degree of sporulation was only fair (++) on the same date
after inoculation and incubation. This implying that
sporulation of B. fabae was also culture media
dependent.

Observations on various colony characters were also
recorded. All the culture media exhibited a wide range of
colony characteristics with regard to conidial and
sclerotial formation, rate of sporulation, shape and
mycelial growth habit (Table 2 and Figure 1). Mycelial
growth patterns included both light and dense radial
extending mycelium. Radial mycelial growth was
consistently a characteristic feature of the fungus on all
media sources. Highly dense, white mycelia and circular
colonies with regular margins were observed on OMA,
MnPDA and FDA culture media, whereas light, white
mycelia and circular colonies with more or less regular
margins were recorded on PDA, FPDA and CFDA culture
media. It was also observed that all the tested culture
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Table 2. Effect of selected growth culture media on conidial formation, cultural characteristics and sporulation of B. fabae at 22°C under in
vitro condition.

Conidia Sporulation (x 10°/ml) ®

SIN  Medium® production Cultural characteristics Rough Transformed

after 14 days 2 data data

Light, dull white mycelium mat. Dominated by radial growth with
few aerial mycelium. Circular colony with regular margin.
Characterized by high density of grayish conidia masses and
many black sclerotia.

Dense, white mycelial growth. Radial growth with very few aerial
mycelium. Colony maintained circular shape with regular margin
throughout the incubation period. High spore density and many
black sclerotia were observed late in the incubation period.

1 CFDA ++++ 1067 3.03%

2  MnPDA e+ 261 2.42°

Dense, white mycelial growth. Characteristic radial growth with

3 FDA +++

incubation period.

few aerial mycelium. Circular colony with regular margin. Good
rate of sporulation with many black sclerotia late in the

242 2.39°

Light, white mycelium mainly growing radial with some aerial

4 PDA ++

mycelium. Nearly circular colony with irregular margin. 70 1.85¢

Characterized by very few black sclerotia and conidia formation.
Dense, white mycelial mat with characteristic radial extension of

5 OMA ++

culture.

mycelium. Circular colony with regular margin. Low rate of
sporulation and formation of black sclerotia at the center of the

62 1.80°

Light, white mycelial growth with radial growing mycelium. Few

6 FPDA ++

aerial mycelium. Circular colony with regular margin throughout
the incubation period. Low rate of sporulation with few black

51 1.72

sclerotia at the center of the culture.

LSD (0.05)
CV (%)

0.06
0.02

Means of conidial counts in the same column followed by the same letters are not significantly (p < 0.05) different. *CDA = Chick pea dextrose agar;
MnPDA = Potato dextrose agar amended with faba bean meal; FDA = Faba bean dextrose agar; FPDA = Field pea dextrose agar; PDA = potato

dextrose agar; CFDA = Chrysanthemum flower dextrose agar. 2

++ = Fair; +++ = Good; and ++++ = Excellent conidia production on 14 DAI and

incubation. *Sporulation/spore count was observed on 14 DAI and incubation. Variables "Sporulation mI™ (x 1000)" were analyzed after logarithmic

transformation [log (x + 1)].

media sources exhibited different levels of black sclerotia
formation and distribution at 22°C late in the incubation
period.

DISCUSSION

Searching for alternative suitable culture media for
growth, sporulation and cultural characteristic studies of
the pathogen is the first step in pathological research. In
this study, culture media strongly influenced growth,
sclerotial and conidial formation, and sporulation of B.
fabae. Several studies also found similar results with
regard to the effect of culture media on growth,
sporulation and other cultural characteristics of various
types of fungi (Jackson and Bothast, 1990; Kim et al.,
2005; Zhao et al., 2010; Ibrahim and Shehu, 2015; Koley
and Mahapatra, 2015; Mishra and Tripathi, 2015).
Chickpea dextrose agar and SBDA culture media,
which supported the maximum radial growth rate, were

found to be the most suitable for mycelial growth of B.
fabae. On the other hand, the most commonly used
medium, PDA, supported moderate mycelial growth of
the fungus. This could be attributed to the variation in the
concentration of C, N and other nutrients in each medium
tested. Fresh media preparations from chickpea,
soybean, field pea and faba bean contained high
concentration of C and N sources, which supported
maximum mycelial growth of the pathogen. Previous
research studies also indicated in their studies with
various types of fungi that high concentration of C and N
induces vegetative and abundant mycelial growth (Saha
et al., 2008; Zhao et al., 2010; Mishra and Tripathi, 2015;
Koley and Mahapatra, 2015).

B. fabae grew slowly on PDA in contrast to the findings
of Kim et al. (2005) who concluded that PDA supported
maximum mycelial growth of S. pyriputrescens and
several other researchers studied on many fungi
(Maheswari et al., 1999; Kumar and Singh, 2000; Alam et
al., 2001; Unagul et al, 2005; Saha et al, 2008;
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Chickpea Dextrose Agar

Faba Bean Dextrose Agar

Sabouraud Dextrose Agar

Malt Extract Agar

Figure 1. In vitro influence of growth media on growth and cultural characteristics of B. fabae at 22°C, seven days after

inoculation and incubation.

Premalatha et al., 2012; Pradeep et al., 2013), but this
finding was in proximity to the mycelial growth of
Diplocarpon mali, which attained only < 10 mm on PDA
medium after one month of incubation (Zhao et al., 2010),
implying that PDA is not an ideal culture medium for the
growth and sporulation of B. fabae.

Chrysanthemum flower dextrose agar resulted in
excellent and abundant conidial formation and
sporulation of the test fungus. MnPDA and FDA
supported average conidiation ability and sporulation of
B. fabae, whereas the rest tested culture media showed

fair (OMA, FPDA and PDA), poor (CDA, SBDA and MAE)
and no (SDA) sporulation. Those fresh culture media
sources supporting higher mycelial growth than others
were found to contain too much nutrients and inhibited
sporulation. A similar study by Saha et al. (2008)
indicated that PDA and other culture media having good
sugar content allowed the best mycelial growth of A.
solani, but too much nutrients leads to loss of sporulation
(UKNCC, 1998). A study by Koley and Mahapatra (2015)
also pointed out that OMA supported good sporulation of
A. solani as compared to PDA due to lower sugar



contents than PDA. Heavy perithecia was formed by C.
funicola on LCA medium having low glucose content
(Sharma and Pandey, 2010). Low glucose content is
known to suppress the overgrowth of fast growing
species of fungi and induces sporulation (Osono and
Takeda, 1999). What was found in this current study is
also in parallel with the above findings in which CFDA
contained low sugar levels that supported sporulation of
B. fabae.

Conclusions

B. fabae grew well on all the 10 culture media employed
in the study, while conidiated and sporulated on eight of
the tested culture media. However, the best culture
media for mycelial growth were CDA and SBDA, while
MnPDA and FDA supported good sporulation of the
fungus. But, CFDA is recommended for mass production
of conidia during conidial characteristic and artificial
inoculation studies, both culture media types suited for
mycelial growth, and conidiation and sporulation could be
employed for other cultural characteristic studies of B.
fabae as well. This implies that a combination of two or
more culture media would be more appropriate for
cultural studies of the fungus than using any single
medium. Thus, it is recommended that this information
generated from this study can be used in mycological and
pathological researches dealing with B. fabae, cause
chocolate spot of faba bean. This study might be further
enhanced by complementing the tested culture media
with variable and known C, N and salt sources to
investigate various biological and molecular
characteristics of the fungus.
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