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Enzymatic activity of potential fungal plant pathogens
and the effect of their culture filtrates on seed germination
and seedling growth of garden cress (Lepidium sativum L.)
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Abstract The in vitro ability to produce enzymes and the
toxicological influence of culture filtrates from potential
fungal plant pathogens on seed germination, sprout
growth, stabilization of cell membranes (electrical con-
ductivity of exudates), and growth of seedlings of garden
cress (Lepidium sativum L.) were investigated. The fungi
used in the study showed significantly different ability to
secrete enzymes with different activities. The highest am-
ylolytic activity was shown by Fusarium oxysporum
(Fo2), proteolytic activity by F sulphureum (Fs1564),
Gibberella avenacea (Ga2) and G. intricans (Gi2),
cellulitic activity by Haematonectria haematococca
(Hh776), and pectinolytic activity by strains Fol and
Fo2 of E oxysporum. All the fungal filtrates significantly
reduced percentages of seed germination, the growth of
sprout and seedlings, and destabilization of cell mem-
branes in seedlings. Fusarium poae (Fp2) and
G. fujikuroi (Gf1) most strongly reduced seed germination
and sprout growth, whereas G. fujikuroi (Gfl) most
strongly affected growth and destabilization of cell mem-
branes in seedlings. Fungal enzyme abilities, and in par-
ticular pectinase synthesis, do not determine the impact of
their culture filtrates on seeds and seedlings. Probably
other secondary metabolites synthesized by F. poae
(Fp2) and G. fujikuroi (Gfl) have a negative influence
on seeds and seedlings of garden cress. The plant used in
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this study is very sensitive to external factors. Therefore,
in the near future, different model plants e.g., cereals,
which are less sensitive to external factors, will be used
for in-depth characterization of the toxicological influence
of culture filtrates from Fusarium spp. and Gibberella spp.
on plants.
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Introduction

Garden cress (Lepidium sativum L.) is edible with me-
dicinal properties and a fast growing annual herb be-
longing to the Brassicaceae family. This herb is culti-
vated all over India, North America and parts of Europe,
and it is often used in in vitro and in vivo studies,
because it is easy to breed, grows rapidly, small in size
and is sensitive to external factors (Tuncay et al. 2011;
Agarwal and Sharma 2013; Wagh et al. 2013; Sharma
etal. 2015). Therefore, cress can be a good alternative in
toxicity tests for duckweed (Lemna minor and L. gibba),
which is very often used in such tests (Fairchild et al.
1997, 2009; Marwood et al. 2001). Moreover, garden
cress is popular in terms of consumers and producers
because of its peppery taste and having health promot-
ing substances such as glucosinolates and sterols (Raval
and Pandya 2011; Tuncay etal. 2011; Wagh et al. 2013).

Garden cress (seeds and plants) on account of its
chemical composition and health benefits is used for
animals as fodder and in treating and curing certain
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diseases of humans (Maier et al. 1998; Gokavi et al.
2004; Su and Arab 2006; Juma 2007; Diwakar et al.
2010; Doke and Guha 2014). The herb is used for
treating and preventing vitamin C deficiency, constipa-
tion, and poor immunity and as a diuretic. The seeds are
useful in dysenteric diarrhea, in febrile and catarrhal
infections, and they have hypoglycemic activity as well
as antihypertensive activity. They are also considered to
be an aphrodisiac, lactagogue, galactogogue and em-
menagogue (Eddouks et al. 2005; Datta et al. 2011;
Rehman et al. 2012; Agarwal and Sharma 2013).

Crop losses due to fungal pathogens represent one of
the most serious threats to global food production; e.g.,
cereal plants are subject to attack from a diverse array of
fungal pathogens including biotrophs such as rust fungi
that feed on living cells and necrotrophs such as Fusar-
ium pathogens that kill host cells to obtain nutrients
(Gardiner et al. 2012). Fusarium is a cosmopolitan
genus of filamentous ascomycete fungi that includes
many plant pathogens and mycotoxigenic fungi, posing
a threat to plant and animal health and food safety
(O’Donnell et al. 2013; Ma et al. 2013).

Fusarium spp. cause diseases of plants in agricultural
and natural ecosystems such as Fusarium head blight or
scab of cereals, sudden death syndrome of soybeans, ear
rot of maize, blights, vascular wilts, rots, and cankers
(O’Donnell et al. 1998, 2000; Desjardins et al. 2002; Aoki
etal. 2005; van der Does et al. 2008; Coleman et al. 2009).
These fungi produce a diverse array of toxic secondary
metabolites, the most important Fusarium mycotoxins
being fumonisins, zearalenone and trichothecenes:
deoxynivalenol, nivalenol and T-2 toxin (Desjardins
et al. 1996; Bai et al. 2002; Desmond et al. 2008; Ilgen
et al. 2008; Ma et al. 2013; Woloshuk and Shim 2013).

Fungal culture filtrates may contain their metabolites,
which are substances discharged by fungi in their meta-
bolic processes. The metabolites are products of some
amino acids, mycotoxins, cyclic peptides, aromatic, phe-
nols, terpenoids and plant growth regulators (Nema 1992;
Madhosing 1995; Desjardins et al. 1996; Bai et al. 2002;
Desmond et al. 2008; Ilgen et al. 2008; Ma et al. 2013;
Woloshuk and Shim 2013). For example, fungal toxins
are known to cause destruction of plants by causing
necrosis, chlorosis, wilting and sometimes by inhibiting
seed germination (Idris et al. 2003). In addition, experi-
ments with pathogen culture filtrates have shown that
tissue response in vitro may correlate with disease reaction
of the host variety, and, where this occurs, the use of
culture filtrates may allow selection of important traits in
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disease resistance in vitro (Daud 1986; Svabova et al.
2011). Fungi of the genus Fusarium are also known to
produce biologically active secondary metabolites in their
cultures filtrates, often displaying phytotoxicity in tests on
tissue culture plantlets, calli and cellular suspensions of
many plant species (McLean 1996).

Plant diseases caused by Fusarium spp. and their
secondary metabolites induced losses to crop yield and
quality are responsible for multi-billion US dollar losses
to world agriculture annually (Wu 2007). In addition,
these fungi are responsible for keratitis and finger and
toenail infections in immunocompetent humans, as well
as life-threatening infections in humans with chronically
low levels of white blood cells (Chang et al. 2006;
Sutton and Brandt 2011). Currently, at least seven alter-
native generic names based on sexual stages are linked
to Fusarium e.g., Gibberella, Nectria, and
Neocosmospora (Geiser et al. 2013).

The aim of this study was to determine the enzymatic
activity of potential fungal plant pathogens and the
effect of their culture filtrates on the seed germination
and the seedling growth rate of garden cress (Lepidium
sativum L.).

Material and methods
Identification and isolation of fungi from host plants

One hundred seeds (from each host plant: Maize — Zea
mays L., Spring barley — Hordeum vulgare L., Winter
wheat — Triticum aestivum L.) were surface disinfected
in sodium hypochlorite (1 % available chlorine) for
10 min and plated on sterile PDA medium (Potato
Dextrose Agar, Biocorp) in 90 mm Petri dishes. The
incubation of the seeds on Petri dishes was carried out at
room temperature (22 °C) for 4-10 days in the darkness.
After incubation, emerging colonies of fungi on the
plates were subcultured on PDA media (isolates were
purified by the single spore method) for identification of
species using macro- and microscopic observations,
namely the morphology of hyphae, conidia and
sporangia, of the colonies that had grown on PDA
medium and using diagnostic keys (Boot 1971; Nelson
et al. 1983). Further studies were executed on selected
isolates of Fusarium and Gibberella spp. among all
other fungi isolated from the seed, and two species
(Fusarium sulphureum Schltdl. — 1564,
Haematonectria haematococca (Berk. & Broome)
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Table 1 Source of fungal species used in the study

Fungal species

Fungal strain Host plant

Species Variety Plant part
Fusarium culmorum (W. G. Smith) Sacc.  Fcl Winter wheat Bogatka Seeds
Fusarium culmorum (W. G. Smith) Sacc.  Fc2 (Triticum aestivum L.)
Fusarium incarnatum (Desm.) Sacc. Fil Maize Jawor
Fusarium incarnatum (Desm.) Sacc. Fi2 (Zea mays L.)
Fusarium oxysporum Schlecht. Fol Spring barley Nagradowicki
(Hordeum vulgare L.)
Fusarium oxysporum Schlecht. Fo2 Winter wheat (Triticum aestivum L.) Bogatka
Fusarium poae (Peck) Wollenw. Fpl
Fusarium poae (Peck) Wollenw. Fp2
Fusarium reticulatum Mont. Frl Maize Jawor
Fusarium reticulatum Mont. Fr2 (Zea mays L.)
Fusarium sulphureum Schltdl. Fs1564 Potato Bank of Plant Pathogens, Institute of
(Solanum tuberosum L.) Plant Protection - National Research
Institute (Poland)
Gibberella avenacea R.J. Cook Gal Winter wheat Bogatka Seeds
Gibberella avenacea R.J. Cook Ga2 (Triticum aestivum L.)
Gibberella fujikuroi (Sawada) Wollenw. Gfl Maize (Zea mays L.) Jawor
Gibberella intricans Wollenw. Gil Winter wheat Bogatka
Gibberella intricans Wollenw. Gi2 (Triticum aestivum L.)
Gibberella pulicaris (Fr.) Sacc. Gpl
Gibberella pulicaris (Fr.) Sacc. Gp2
Gibberella zeae (Schwein.) Petch Gzl
Gibberella zeae (Schwein.) Petch Gz2
Haematonectria haematococca Hh776 Potato Bank of Plant Pathogens, Institute of

(Berk. & Broome) Samuels & Rossman

(Solanum tuberosum L.)

Plant Protection - National Research
Institute (Poland)

Samuels & Rossman — 776) obtained from the Bank of
Plant Pathogens (Table 1).

Fungal culture filtrate preparation

Five discs (0.3 cm diameter) of mycelia and spores
taken from the periphery of 10-day-old culture of each
fungus grown on PDA medium were introduced into
250-mL conical flasks, each containing 50 mL of
Czapek Dox broth (Biocorp) in the case of enzyme
assay or Sabouraud dextrose broth (peptone 10 g L'
and glucose 40 g L") in the case of assessment of the
effects of culture filtrates on the seed germination and
the seedling growth rate of garden cress. The flasks were
incubated at 25+ 1 °C for 14 days. The fungal filtrates
were obtained by passing the culture through a sterile
Whatman No. 3 filter paper to obtain a cell-free filtrate.

After that the filtrate was passed again through a bacte-
rial filter (0.45 pm).

Enzyme assay

Fungal strains were screened for the production of am-
ylases, proteases, cellulases and pectinases by plate
assay.

Media used to measure fungal enzymatic activity The
media included: phosphate buffer, agar and a substrate
suitable for a given enzymatic reaction (Table 2). Such
appropriately prepared substrates were then boiled and
25 mL was poured into Petri dishes with a diameter of
90 mm. After solidification of the substrates, five holes
were cut in each dish, with a diameter of 7 mm. Then, to
each hole, 0.1 mL of the filtrate was applied. Each
variant of the experiment was carried out on three dishes
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Table2 Composition of media used to measure fungal enzymatic
activity

Enzymes Composition of medium  Procedure

Amylases 100 mL phosphate buffer After 24 h of incubation
with a pH of 6 at ca. 22 °C, medium
(12.1 mL 0.1 M was removed from
Na,HPO, and 78 ml Petri plates and
0.1 M KH,POy), 2 % immersed in a
agar and 0.2 % starch 0.05 % J, solution.

Proteases 100 mL phosphate buffer After 24 h of incubation
with a pH of 6 at ca. 22 °C, medium
(121 mL 0.1 M was removed from
Na,HPO, and 78 mL Petri plates and
0.1 M KH,POy), 2 % immersed in a
agar and 1 % gelatin saturated solution of
(NH,4),PO,.
Cellulases 100 mL phosphate buffer After 16 h of incubation
withapHof 6 (12.1 ml  at 30 °C, medium was
0.1 M Na,HPO, and removed from Petri

78 ml 0.1 M plates and immersed
KH,POy), 1.5 % agar for 30 minina 0.1 %
and 0.1 g of Congo Red solution.
carboxymethyl Thereafter rinsed 3
cellulose (sodium times in sterile distilled
carboxymethyl water and placed for
cellulose) 5 minin 1 M NaCl and

subsequent for 5 min
in 5 % acetic acid.

Pectinases 100 mL 0.1 M phosphate After 4 h of incubation at
buffer witha pH of 6.3 30 °C, medium was
22mL 0.1 M removed from Petri
Na,HPO,4 and 78 mL plates and immersed
0.1 MKH,PO,),3 g for 120 min in a
of agar and 0.5 g of 0.02 % ammoniated
pectin (poly-D- ruthenium oxychloride
galacturonic acid (ruthenium red)
methyl ester) solution.

(15 holes). The content of the enzymes in the medium
was determined by measuring the width of the colored
area formed as a result of the enzymatic reaction, and
then converted to enzymatic units (EU) in 1 mL of the
medium, using standard curves.

Standard curves The enzymes, with established titer,
were added to the holes cut in the substrates, with a
diameter of 7 mm. Based on the obtained results, cali-
bration curves were constructed and the number of
enzymatic units contained in the fungal filtrates was
identified. To check the pectolytic activity, pectinase
from Aspergillus niger (Pectinase, Fluka) was used,
dissolved in 0.1 M phosphate buffer, pH 6.3 (22 mL
0.1 M Na,HPO,4 and 78 mL 0.1 M KH,PO,), to give
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12.65 EU in 1 mL. The proteolytic and amylolytic
activity was verified by adding to the holes either
0.1 mL 3.6 EU of amylase and 1 mL 0.2 EU of protease
(Panzytrat 10000, Knoll AG), dissolved in phosphate
buffer, pH 6 (12.1 mL 0.1 M Na,HPO, and 78 mL
0.1 M KH,PO,). The cellulolytic activity was verified
by adding to the hole 0.1 mL 0.0255 EU of cellulase
from Trichoderma longibrachiatum (Fluka), dissolved
in phosphate buffer, pH 6 (12.1 mL 0.1 M Na,HPO, and
78 mL 0.1 M KH,PO,).

Effect of fungal culture filtrate on seeds and seedlings
of garden cress

Seeds of cress were purchased from PNOS Ozarow
Mazowiecki S.A. (Poland). Undamaged seeds were
separated from damaged seeds and surface disinfected
using 0.5 % sodium hypochlorite solution for 1 min and
rinsed 4 times in sterile distilled water.

Effect of fungal culture filtrate on seed
germination Thirty surface disinfected seeds in six rep-
licates were placed in sterilized Petri dishes (90 mm)
lined with a double layer of filter paper, moistened with
3 mL of each fungal filtrate and incubated at room
temperature (25+2 °C) for 48 h with a daily light
period. Thereafter, another 3 mL of fungal filtrate was
added. The control samples were seeds presoaked in
sterile distilled water or medium instead of fungal fil-
trates for the same periods of time. After 3 and 6 days of
incubation (the time from placing of seeds in Petri
dishes), Petri dishes were observed, the percentage of
germinated seeds was counted and the length of sprouts
was measured.

Effect of fungal culture filtrate on seedling
growth Thirty surface disinfected seeds in six repli-
cates were placed in sterilized Petri dishes (90 mm)
lined with a double layer of filter paper, moistened
with 9 mL of sterile distilled water and incubated at
room temperature (25+2 °C) for 72 and 120 h with
a daily light period. After each incubation period,
3 mL of fungal filtrates was added to each Petri
dish. The control samples were seeds were
presoaked in sterile distilled water or medium in-
stead of fungal filtrates for the same periods of time.
After 7 days of incubation (the time from placing of
seeds in Petri dishes), seedlings of each replicate
were washed in 250-mL conical flasks containing
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150 mL of redistilled water and used for further
studies (measurement of the length of the plants
and electrical conductivity).

Measurement of length of seedlings and top
leaves Measurements were made using 30 seedlings
and 30 top leaves (each from a different plant) in
three replications. The seedlings were measured
from the base of the stem to the bottom of the
leaves, and with feather-like leaves — the top leaf
(Fig. 1). Then, the same plants were used to measure
electrical conductivity of exudates.

Measurement of electrical conductivity of exudates In
250 mL conical flasks containing 50 mL of
redistilled water, either 30 seedlings, or 30
feather-like leaves (each from a different plant)
were placed in three replications. They were then
incubated (ca. 22 °C) for 20 h, shaken for 30 min,
and, as a result, exudates were obtained, using a
plastic sieve. Forty mL of the exudate was poured
into a glass dish and its electrical conductivity was
measured using a conductivity meter, type OK
102/1 (Radelkis) at 23 °C.

Statistical analysis

The results were analyzed by ANOVA, using the
Statistica 12.0 package. Means were compared
using the Tukey HSD (honest significant difference)
test at & <0.01. Percentage data, before analysis of
variance, were transformed to Bliss (1934) angular
degrees by the formula y=arcsin (value%) *. After
transformation, the variance was approximately
constant, allowing analysis of variance to compare
particular components.

a b

Fig. 1 Measurement of length of seedling (a) and top leaf (b).

Results

The fungi used in the study showed a difference in the
ability to secrete enzymes with different activities —
95.2 % of strains synthesized protease, 81 % cellulase,
66.7 % amylase and only 38.1 % pectinase. Average
enzymatic activity from all fungi ranged from
1.49x 107> EU per 1 mL of medium for cellulases to
0.2x 107" for pectinases. The highest amylolytic activ-
ity was shown by Fusarium oxysporum (Fo2), proteo-
lytic activity by F. sulphureum (Fs1564), Gibberella
avenacea (Ga2) and G. intricans (Gi2), cellulitic activity
by Haematonectria haematococca (Hh776), and
pectinolytic activity by both strains of F oxysporum
(Fol and Fo2) (Table 3).

Generally, culture filtrates from potential plant path-
ogenic fungi significantly limited the percentage of gar-
den cress seeds germinated compared to the controls
(medium, distilled water) in both incubation periods.
The control with distilled water did not show limited
seed germination. The same was true for sprout length
of this plant. In the case of seed germination there were
no significant differences between incubation periods,
but in the case of sprout growth there were significant
differences for both controls —after 6 days of incubation,
increased sprout growth rate (Figs. 2 and 3).

Culture filtrates obtained from individual strains dif-
ferently affected cress seeds and their values were sta-
tistically significant. On the other hand, the differences
between incubation periods in only a few cases were
statistically different. In the case of seed germination
significant differences were observed between study
periods for fungal filtrates from strains such as
F. reticulatum (Frl), F. reticulatum (Fr2),
F sulphureum (Fs1564) and G. pulicaris (Gp1l), where-
as in the case of sprout growth rate it was the case for
filtrates from F oxysporum (Fo2), F. poae (Fp2) and
G. fujikuroi (Gf1). After 3 days of incubation, the
weakest influence on germination of the cress seeds
was caused by filtrates of F. culmorum (Fcl),
G. pulicaris (Gp2) and G. zeae (Gz1, Gz2) — compara-
bly as the control with media; and after 6 days of
incubation it was caused by filtrates of F. sulphureum
(Fs1564) and G. pulicaris (Gp2). In the case of sprout
length, the weakest effect was exerted by filtrates of
G. zeae (Gz2) and H. haematococca (Hh776) in both
incubation periods, and the impact was comparable to
the control with media. The other hand, the greatest
influence on inhibition of seed germination and growth
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Table 3 Area of enzymatic activity (mm) and number of enzymatic units (EU) synthesized by fungi in 1 mL of medium

Fungal species Fungal  Amylase Protease Cellulase Pectinase
strain
Area of EUx 107 Area of EU x 107 Area of EU x Area of EU x
activity (mm) activity (mm) activity (mm) 107 activity (mm) 107"

E culmorum Fel 0.08 0.06 e* 0.00 0.00 m* 2.10 1.31 fg* 0.00 0.00 c*
E culmorum Fc2 0.00 0.00 e 3.46 1.06 gh 3.50 219 d 0.00 0.00 ¢
E incarnatum Fil 0.00 0.00 ¢ 2.02 062 kI 198 124 fg 136 052 b
F incarnatum Fi2 0.00 0.00 e 2.08 0.63 kI 296 1.85 de 0.04 0.02 ¢
F. oxysporum Fol 4.10 284 b 3.86 1.18 f 4.76 298 ¢ 3.64 140 a
F. oxysporum Fo2 5.94 412 a 4.68 143 bc 6.74 421 b 286 1.10 a
E poae Fpl 0.06 0.04 e 4.56 1.39 bed 0.06 0.04 h 0.00 0.00 ¢
E poae Fp2 0.04 0.03 e 430 131 de 1.62 1.01 g 0.00 0.00 ¢
F. reticulatum Frl 2.94 204 ¢ 3.38 1.03 hi 048 0.00 h  0.05 0.02 ¢
E reticulatum Fr2 1.76 122 d 3.06 093 i 0.12 0.08 h 0.02 0.01 ¢
E sulphureum Fs1564  0.10 0.07 e 5.84 1.78 a 7.28 455 b 0.00 0.00 ¢
G. avenacea Gal 0.10 0.07 e 4.40 1.34 cde 0.00 0.00 h 0.00 0.00 ¢
G. avenacea Ga2 0.15 0.00 e 5.58 1.70 a 0.12 0.08 h 0.00 0.00 ¢
G. fujikuroi Gfl 0.06 0.04 e 4.74 145 b 0.58 036 h 0.00 0.00 ¢
G. intricans Gil 0.02 0.01 e 3.84 1.17 fg 2.60 1.63 ef 1.20 046 b
G. intricans Gi2 0.00 0.00 e 5.74 1.75 a 3.00 1.88 de 2.00 0.77 b
G. pulicaris Gpl 0.00 0.00 ¢ 4.08 124 ef 240 1.50 ef 0.00 0.00 ¢
G. pulicaris Gp2 0.02 0.01 e 222 0.68 jk  2.02 1.26 fg 0.00 0.00 ¢
G. zeae Gzl 0.00 0.00 e 4.82 147 b 0.00 0.00 h 0.00 0.00 ¢
G. zeae Gz2 0.10 0.07 e 2.52 0.77 j 0.00 0.00 h 0.00 0.00 ¢
H. haematococca Hh776 2.72 1.89 d 1.84 0.56 1 8.30 519 a  0.00 0.00 ¢
Means 0.87 0.60 3.67 1.12 241 1.49 0.53 0.20

*Means followed by the same letter are not statistically different at the v <0.01 level according to the Tukey HSD test; others are. Letters
indicate differences in synthesis of the enzyme by individual strains; they refer to means in columns

Fig. 2 Effect of fungal culture
filtrates on seed germination of
garden cress (Lepidium sativum
L.). *Means followed by the same
letter are not statistically different
at the «<0.01 level according to
the Tukey HSD test; others are.
Small letters indicate the
differences in the % of
germinated seeds in a given
incubation period. Capital letters
indicate the difference in the % of
germinated seeds within the
length of sprout after different
incubation period
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Fig. 3 Effect of fungal culture
filtrates on length of garden cress

W fungal culture filtrate
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O control — media O control — distilled water
29.3
a
A
18.1
a
B 12.3
9.9 b
b A
3.1 B 4.0
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(Lepidium sativum L.) sprouts. 357
*Means followed by the same
letter are not statistically different 30 1
at the @ <0.01 level according to
the Tukey HSD test; others are. e 251
Small letters indicate the g
differences in the length of sprout g) 20 1
in a given incubation period. 5
Capital letters indicate the = 157
difference within the length of 5
sprout after different incubation Z 10
period
5 .
0

of sprouts was caused by filtrates of F. poae (Fp2) and
G. fujikuroi (Gf1) in both incubation periods (Table 4).

The weakest effect on electronic conductivity of exu-
dates, the growth of seedlings and leaves of garden cress
was exerted by the control with redistilled water. On the
other hand, the largest destabilization of cell membranes
of intact plants was caused by fungal culture filtrates, and
in the case of leaves by fungal filtrates and the control
with media — the value was statistically significant
(Fig. 4). The growth of cress was most limited by the
control with medium and by fungal filtrates — the values
of these variants were not statistically significant (Fig. 5).

Culture filtrates obtained from individual strains dif-
ferently affected the destabilization of cell membranes
of seedlings and leaves and their growth — the values
were statistically significant. The highest values of exu-
date electroconductivity for seedlings and leaves were
recorded for samples with the filtrate of G. fujikuroi
(Gfl). The filtrate from this fungus also limited the
growth of seedlings and leaves the most. On the other
hand, the smallest side effects on the cell membranes of
seedlings and the length of plants and leaves were
exerted by the control with redistilled water, and in the
case of the cell membranes of leaves also the control
with redistilled water and fungal filtrates of . culmorum
(Fcl) and G. pulicaris (Gp2) (Table 5).

Discussion

Studies of enzyme production by a phytopathogenic
fungus is complicated, particularly due to the presence

incubation period (days)

of plant enzymes and microbial enzyme inhibitors that
occur in the plants. The most practical way to study the
production of enzymes by a fungus is therefore to study
the production of its enzymes on artificial growth media
that contain no plant or enzyme inhibitors produced by
the plant (Moreira et al. 2005). However, the production
of enzymes by microorganisms in vitro compared to
natural conditions can vary, e.g., due to the type of
medium or culture, which are not dependent on the
genotype of a microorganism (Urbanek 1987).

Fungi are important pathogens of plants and cause
more significant yield losses than bacteria or viruses.
However, bacteria and viruses are more important than
fungi as pathogens of animals (Sexton and Howlett
2006). Extracellular proteins secreted by fungi are able
to macerate tissues and degrade cell wall components
(Baer and Gudmestad 1995). They must thus contain the
enzymes corresponding to the types of glycosidic link-
ages present in the cell wall polysaccharides. Extracel-
lular enzymes are important to fungi not only for diges-
tion but also in many instances for the pathogenic pro-
cess. The enzymes may function in overcoming the
natural resistance of the host as well as in providing
soluble products that can be absorbed and used as food
(North 1982; Dobinson et al. 1996; Pekkarinen et al.
2000). Thorough research reported in the literature has
been focused on trying to determine the role and impor-
tance of extracellular cell wall-degrading enzymes relat-
ed to the virulence of plant pathogenic fungi. In several
cases conclusive evidence has been obtained for the role
of enzymes in the infection process (Nightingale et al.
1999; Pekkarinen et al. 2000; Oeser et al. 2002;
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Table 4 Effect of fungal culture filtrates on seed germination and sprout length of garden cress (Lepidium sativum L.) after 3 and 6 days of

incubation

Fungal species Fungal strain Seed germination (%)

Sprout length (mm)

3 days* 6 days* 3 days* 6 days*
F. culmorum Fcl 92.06 N 92.06 od kx 435 odef s 6.20 cdef sk
F culmorum Fc2 86.67 de 86.67 N 4.60 ode 5.40 defe
F. incarnatum Fil 85.00 dey 85.00 N 3.20 efghi | 490 efe,
F. incarnatum Fi2 86.67 de 86.67 ef 4.10 cdefg 5.01 defg
F. oxysporum Fol 73.44 s 79.69 eh 1.07 ghi 230 ehi
F. oxysporum Fo2 61.29 by 66.13 N 0.66 b 0.98 b
F. poae Fpl 72.41 s 77.59 hi 0.51 N 127 hi
F. poae Fp2 3235 N 35.29 N 0.32 s 0.52 N
F. reticulatum Frl 63.33 by 75.00 L 2.52 efghi | 420 feh
F. reticulatum Fr2 41.67 s 46.67 ke 0.99 ghi 127 hi
FE. sulphureum Fs1564 90.00 bey 95.00 i 3.80 defgh 434 fgh
G. avenacea Gal 86.15 dey 86.15 N 3.90 cdefe 479 ofe
G. avenacea Ga2 90.77 be, 93.85 be, 1.88 cfghi 3.00 fehi
G. fujikuroi Gfl 28.33 N 28.33 N 0.28 s 0.49 N
G. intricans Gil 83.33 s 83.33 fe, 3.30 efghi | 3.98 feh
G. intricans Gi2 78.33 N 78.33 hi 2.90 ofghi 3.45 fehi
G. pulicaris Gpl 60.00 by 80.00 eh 1.20 fehi 257 ehi
G. pulicaris Gp2 91.67 N 95.00 N 4.50 ede 4.12 feh
G. zeae Gzl 91.67 N 93.33 be, 6.90 bed 7.88 ode
G. zeae Gz2 91.67 N 91.67 oy 8.14 N 925 ey
H. haematococca Hh776 88.33 oy 90.00 de 7.00 b 8.35 oy
control — media 90.70 be, 92.60 bed 9.91 b 12.30 N
control — distilled water 100.00 oA 100.00 2 18.10 i 29.30 N

* The incubation period after which the measurements were made

**Means followed by the same letter are not statistically different at the &« <0.01 level according to the Tukey HSD test; others are. Small
letters indicate differences in the interaction of culture filtrates from individual strains on seed germination and the length of sprouts — they
refer to means in columns. Capital letters indicate a difference in seed germination and length of sprout, after different incubation periods;

they refer to means in rows

Shimokawa et al. 2002; Feng et al. 2005; Jenczmionka
and Schifer 2005). Thus, to gain entrance to plant cells,
fungi generally secrete a mixture of hydrolytic enzymes
including cutinases, cellulases, pectinases and proteases
(Knogge 1996). However, pectinases have proved to be
decisive in the infection process of various phytopatho-
genic fungi, as pectin degradation results in weakening
of cell walls, leading to penetration of fungi (Valette-
Collet et al. 2003). These enzymes cause modification
of cell wall structure, increasing accessibility of cell wall
components for degradation by other enzymes, cell lysis
and plant tissue maceration (Panda et al. 2004). Pectic
enzymes are the first polysaccharidases to be induced
when fungi are cultured on isolated plant cell walls and

@ Springer

the first produced in infected tissue (Martinez et al.
1991; Niture et al. 2006). Most fungi used in the study
synthesized protease (95.2 %), then cellulase and amy-
lase, and pectinase the least. However, the pectolytic
enzymes produced by the isolates showed high enzyme
activity. Among the examined fungi are isolates which
able to actively infect the interior of plants. This con-
firms other reports that Fusarium spp. are able to pro-
duce enzymes that act upon the pectic and cellulose
components of cell walls of host plants (Pritsch et al.
2000; Kang and Buchenauer 2000a, b; Roncero et al.
2003; Phalip et al. 2005). However, taking into account
only the results of in vitro enzymatic studies, the role of
a microorganism in the pathogenesis of a plant cannot
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Fig. 4 Effect of fungal culture W fungal culture filtrate O control — media O control — redistilled water

filtrates on electrical conductivity
of exudates from garden cress 45
(Lepidium sativum L.). *Means
followed by the same letter are not
statistically different at the
a<0.01 level according to the
Tukey HSD test; others are

(98]
L

—
I

electrical conductivity
[uS*mL-1 of exudate]
[\

3.82a*

295b

2.30 a*
1.88a

1.08 ¢
0.68 b

be defined (Urbanek 1987). In addition, after penetra-
tion, the fungus often secretes toxins or plant hormone-
like compounds that manipulate the plant’s physiology
to the benefit of the pathogen (Knogge 1996). This is
often achieved through the production of phytotoxins
with varying degrees of specificity towards different
plants (Walton 1994).

According to Haikal (2008), fungal filtrates from
FE culmorum irrespective of filtrate concentrations, filtrate
age and the presoaking period significantly reduced per-
centage seed germination and seedling development of
soybean (Glycine max). Other authors have reported that
culture filtrate from other species of Fusarium can also
reduce percentage seed germination and seedling growth
of various plants. For example, culture filtrate from

30 plants 30 leaves
Garden cress (Lepidium sativum L.)

G. intricans had a negative effect on seed germination
and seedling growth of cumin, from H. haematococca and
E oxysporum on seeds of soybean, from G. fujikuroi,
E incarnatum and F. oxysporum on seeds and roots of
sorghum, and from F oxysporum on tomato seedlings
(Dwivedi 1988; Khurshid et al. 2014; Suthar et al.
2014). It is confirmed by the results of this study that
culture filtrates from the above-listed species also nega-
tively affected seeds and seedlings of garden cress. In
addition, fungal filtrates from species such as F poae,
F reticulatum, F. sulphureum, G. avenacea, G. pulicaris,
G. zeae and H. haematococca caused reduced percentage
seed germination, sprout and seedling growth of garden
cress. However, F poae (Fp2) and G. fujikuroi (Gf1) most
strongly reduced seed germination and sprout growth, and

Fig. 5 Effect of fungal culture W fungal culture filtrate O control — media O control — distilled water
filtrates on growth of garden cress
- . . 40
(Lepidium sativum L.) seedlings. 35.13 a
*Means followed by the same 35 -
letter are not statistically different
at the «<0.01 level according to 30 1
the Tukey HSD test; others are
T 251
£ 19.33b
~ 20 A
g} 15.44 b*
5 15 4
10 693 a
429b* 4.67b
.| I
0
plant leaf

Garden cress (Lepidium sativum L.)

@ Springer
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Table 5 Effect of fungal culture filtrates on electrical conductivity of exudates from garden cress (Lepidium sativum L.) and their growth

Fungal species Fungal strain Electrical conductivity (uS mL ™" of exudate) Length (mm)

30 seedlings 30 leaves seedling leaf
E culmorum Fcl 1.68 def* 1.05 b* 22.93 bc* 547 ab*
E culmorum Fc2 233 cdef 1.40 ab 20.53 bed 517 ab
F incarnatum Fil 3.00 cdef 1.88 ab 20.13 bed 437 ab
FE incarnatum Fi2 2.50 cdef 1.47 ab 21.13 bed 4.88 ab
F. oxysporum Fol 3.88 bedef 240 ab 13.60 e 437 ab
E oxysporum Fo2 4.50 bedef 2.80 ab 10.20 ef 3.90 ab
F poae Fpl 2.50 cdef 1.44 ab 18.40 d 471 ab
E poae Fp2 6.75 ab 3.90 ab 12.60 ef 3.47 ab
E reticulatum Frl 2.63 cdef 1.68 ab 20.13 bed 4.63 ab
E reticulatum Fr2 4.73 bede 2.93 ab 10.20 ef 3.70 ab
F. sulphureum Fs1564 3.25 bedef 2.10 ab 11.27 ef 433 ab
G. avenacea Gal 5.50 abc 335 ab 13.00 ef 3.52 ab
G. avenacea Ga2 4.25 bedef 2.50 ab 13.13 e 420 ab
G. fujikuroi Gfl 8.50 a 475 a 6.00 g 2.40 b
G. intricans Gil 248 cdef 1.53 ab 18.53 d 5.10 ab
G. intricans Gi2 2.55 cdef 1.60 ab 17.53 d 4.77 ab
G. pulicaris Gpl 5.50 abc 3.48 ab 9.40 fg 3.47 ab
G. pulicaris Gp2 1.45 ef 0.88 b 23.27 b 5.67 ab
G. zeae Gzl 4.50 bedef 2.73 ab 12.93 ef 3.90 ab
G. zeae Gz2 525 abed 3.05 ab 11.47 ef 3.32 ab
H. haematococca Hh776 2.58 cdef 143 ab 17.87 d 4.80 ab
control — media 2.95 cdef 1.88 ab 19.33 cd 4.67 ab
control** 1.08 f 0.68 b 35.13 a 6.93 a

*Means followed by the same letter are not statistically different at the <0.01 level according to the Tukey HSD test; others are. Letters
indicate the effect of culture filtrates from individual strains on electrical conductivity and the length of seedlings and leaves; they refer to

means in columns

**redistilled water — electrical conductivity; distilled water — length

only G. fujikuroi (Gf1) most strongly affected growth and
destabilization of cell membranes in seedlings.

In this study the control of medium also exerted an
effect on seed germination and growth of sprouts, seed-
lings, and electrical conductivity of exudates from gar-
den cress. Most likely, the medium caused stress condi-
tions for seeds and seedlings due to the concentration of
nutrients, e.g., polysaccharides. Therefore, it could en-
hance the effect of fungal filtrates on garden cress.
According to Csonka (1989), the increase in extracellu-
lar osmotic pressure is the cause of water flow in accor-
dance with the concentration gradient. This results in
dehydration of the cytoplasmic components, plasmoly-
sis, and in extreme cases can lead to cell death.

@ Springer

Conclusions

The fungi used in the present study showed significant
differences in the ability to secrete enzymes with differ-
ent activities, and their culture filtrates also had different
effects on seeds and seedlings of garden cress. However,
all fungal filtrates caused reduced percentage seed ger-
mination and growth of sprouts and seedlings, and
caused increased destabilization of cell membranes of
seedlings, as measured by the increase in electrical
conductivity. Fungal enzyme abilities, in particular of
secreting pectinases and cellulases, do not determine the
impact of their culture filtrates on seed and seedling
growth. Fusarium poae (Fp2) and Gibberella fujikuroi
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(Gfl) most strongly reduced seed germination and
sprout growth, and G. fujikuroi (Gfl) most strongly
affected growth and destabilization of cell membranes
in seedlings. However, these fungi do not secrete
pectinases, and the other enzymes are synthesized in
small quantities compared to the other tested fungi.
Probably other secondary metabolites synthesized by
these fungi have a negative influence on seeds and
seedlings of garden cress. The plant used in this study
(garden cress) is very sensitive to external factors.
Therefore, in the near future, different model plants
e.g., cereals, which are less sensitive to external factors,
will be used for in-depth characterization of the toxico-
logical influence of culture filtrates from Fusarium spp.
and Gibberella spp. on plants
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