Polish Journal of Microbiology
2007, Vol. 56, No 4, 257-264

ORIGINAL PAPER

Comparative Study of the Effect of Stress by the Heavy Metals Cd*2, Pb*?,
and Zn*? on Morphological Characteristics
of Saprolegnia delica Coker and Dictyuchus carpophorus Zopf.

ESAM H. ALI

Botany Department, Faculty of Science, Assiut University, Assiut, Egypt

Received 11 April 2007, 15t revison 20 June 2007, 2" revison 23 October 2007, accepted 5 November 2007

Abstract

The effects of essential (Zn*?) and non-essential (Cd*? and Pb*?) heavy metals on morphogenesis of two represantatives of informal group
zoosporic fungi namely; Saprolegnia delica Coker and Dictyuchus carpophorus Zopf. were studied. These two species varied in their
tolerance of each amended heavy metal. Lead had the most potent effect amongst the tested heavy metals in inhibiting the radial extension
of the vegetative hyphae of the two tested species. The vegetative hyphae of S. delica and D. carpophorus assumed different morphological
alterations compared with that at controls depending upon the applied heavy metal and the dose concentration. Both zoosporangial formation
and discharges of the two tested fungi were greatly inhibited even at the low concentrations of Cd. Zoosporangia of D. carpophorus appeared
curved at high concentrations of Cd. Zoosporangial formation and discharge of the two zoosporic fungi showed variable deformation when
treated with Pb. The different applications of Zn nearly stimulated sporangial elongation in both zoosporic fungi. Sex organs varied in their
numbers and morphogenesis at each treatment of the applied heavy metal. The gemmae of'S. delica were greatly reduced or missed at the

elevated toxic levels of Cd whereas they enhanced in numbers and size at most Pb treatments and little affected at Zn applications.
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Introduction

The rate of the global deposition of the heavy met-
als Cd*?, Pb*2, and Zn*? have dramatically increased
over the past two centuries (Candelone et al., 1995).
Industrial inputs and the agronomic application of fer-
tilizers, pesticides, and metal-contaminated sewage
continue to contribute to metal accumulation (Herland
et al., 2000). Both essential and nonessential heavy
metals can be toxic above a critical concentration
which depends on the organism (Blaudez et al., 2000).
Among heavy metals necessary for fungal growth is
zinc. Nonessential metals commonly include cad-
mium and lead. Toxic heavy metals can inhibit the
growth, cause morphological changes and affect the
reproduction of organisms. However, some aquatic
microorganisms (protista) can selectively take up
various heavy metal ions from aqueous systems, and
therefore are important for the regulation of environ-
mental pollution and the recovery of useful metals
from nature. Intensive studies have been done about
the impact of heavy metals on fungal activity. The

morphological changes induced by heavy metals are
common among all groups of the fungi. Some reports
are available on the effect of the heavy metals on mor-
phogenesis of the vegetative hyphae (e.g. Darlington
and Rauser, 1988; Gabriel et al., 1996a; Baldrain,
2003), sporulation (Abel and Baerlocher, 1984; Leyval
etal., 1994; Duarte etal., 2004) and sexual and
asexual reproduction (Perlman, 1948; Vega and Le
Tourneau, 1974; Chiu et al., 1998) of some fungal
groups. However, studies dealing with the morpho-
genesis of zoosporic fungi, especially Oomycetes
responses to increased levels of heavy metals are less
frequent (Hendrix et al., 1969; Halsall, 1977; Lundy
et al., 2001).

Therefore, the aim of our present studies is to ex-
plore the effects of some heavy metal ions on the
growth, sporulation and sexual and asexual reproduc-
tion of two common zoosporic fungi (Saprolegnia
delica and Dictyuchus carpophorus) belonging to
family Saprolegniaceae, class Oomycetes collected
from highly polluted waters drainages across Nile
Delta (Lower Egypt).
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Experimental
Materials and Methods

Organisms selection. Two species of zoosporic
fungi namely; Saprolegnia delica Coker and Dictyu-
chus carpophorus Zopf. belonging to the family Sapro-
legniaceae, class Oomycetes were chosen for this study.
They are frequent in highly polluted water drainages
in Nile Delta of Lower Egypt (Ali, 2007).

Medium used for growing of zoosporic fungi.
Water-sesame seeds cultures were used for growing
the two selected zoosporic fungal species during this
investigation. This medium was proved to be the best
for growing of zoosporic fungi (Khallil, 1984). Six
sterilized germinating sesame seeds were introduced
into sterilized Petri-dishes (10 cm in diameter each)
to which 20 ml of deionized, sterilized, distilled water
were added.

Inoculation, incubation and microscopical ex-
amination. For fungal inoculation of Petri dishes con-
taining the desired concentrations of each applied
heavy metals as follows: for Cd*?; 0.5, 1.0, 1.5, 2.0,
4.0 pg/ml, for Pb*2; 4.0, 6.0, 8.0, 10.0, 15.0 pg/ml
and for Zn*?; 10.0, 20.0, 30.0, 40.0, 50.0 pg/ml. The
heavy metals were used in the following chemical for-
mulations: zinc sulfate for Zn*? (ZnSO < TH,0), lead
acetate (CH,COO),Pb for Pb*2 and cadmium chloride
for Cd*? (CdCl,). The concentrations of the heavy
metals were carefully chosen for the study after it has
been established through preliminary experiments.
Two ml of zoospores suspension of the tested fungal
species were applied for each Petri dish. Zoospores
suspension was prepared by growing the tested fungal
species on water sesame seeds cultures for ten days at
20+2°C during which zoospores are matured and de-
veloped as inoculation propagules. The experiment
was done in triplicates. Petri dishes were then incubated
at 20°C. Microscopical examinations and observations
on the developing colonies were carefully followed
starting from the second day of incubation and were
continued daily during the period of experiment (thirty
days). Morphological abnormalities of the two tested
zoosporic fungal species at the different treatments of
the heavy metals were observed, described and were
almost photographed at the same magnifications. Mor-
phological features of the two species of zoosporic
fungi as affected by the different applications of the
heavy metals stress, which were followed included; the
appearance of vegetative hyphae, zoosporangial forma-
tion and spores discharge, sexual reproductive struc-
tures (oogonia and antheridia) and gemmae formation
(in case of S. delica because D. carpophorus formed
no gemmae). The average numbers of each of zoospo-
rangia, zoosporangial discharge, oogonia and anthe-
ridia per sesame seeds (representing one vegetative
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colony) of the two tested species of zoosporic fungi
were counted and assessed. They were expressed as
high, moderate, low and rare numbers as follows:

(A) For S. delica; high number (more than 25 per
one colony), moderate number (25 to 12 per colony),
low number (11 to 6 per colony) and rare number (less
than 6 per colony).

(B) For D. carpophorus; high number (more than
20 per one colony), moderate number (20-10 per
colony), low number (9-5 per colony) and rare num-
ber (less than 5 per colony).

Mycelial growth rate. Mycelial growth rate was
also measured on sesame seeds. After incubation of the
plates at 20+2°C for three weeks, the diameters of
colonies were measured in centimeters.

Results

Effect of Cd*% The results presented in Table 1
indicate that S. delica can resist against Cd*? concen-
trations until 4.0 pg/ml. The higher concentrations
were lethal. In case of D. carpophorus, the maximum
withstand of Cd*? stress was 2.0 pug/ml concentration
and higher concentrations were lethal. As shown in
Table I the diameters of colonies of both S. delica and
D. carpophorus descendingly decreased with increas-
ing the toxicity level of Cd*2.

The vegetative hyphae of D. carpophorus treated
with the different concentrations of Cd*? showed sev-
eral morphological alterations compared with that at

Table I
Effects of different tolerant rates of the the heavy metals;
Cd'?, Pb*? and Zn" on the diameters of the vegetative
colonies (cm) of S. delica and D. carpophorus

Heavy Tolerant Diameters of vegetative colonies (cm)
metals Concs. Saprolegnia Dictyuchus
pg/ml delica carpophorus
Control 2.9 2.6
0.5 2.1 2.2
1.0 1.3 1.7
+2
cd 15 0.8 1.4
2.0 0.6 1.0
4.0 0.3 NG
Control 2.9 2.6
4.0 1.4 1.9
6.0 0.7 1.7
+2
Po 8.0 0.6 0.6
10.0 0.5 0.3
15.0 0.2 NG
Control 2.9 2.6
10.0 3.1 2.8
20.0 2.5 2.6
+2
Zn 30.0 1.8 2.0
40.0 1.3 1.7
50.0 1.1 1.5

NG: Means no vegetative growth appeared at these concentrations.
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A.: Vegetative hyphae of D. carpophorus
bearing dictyoid shaped sympodial
sporangia at control.

B.: Abnormal protoplasmic accumulation
in D. carpophorus vegetative hyphae
at 0.5 pg/ml of Cd.

C.: Eccentric oogonia (arrow) characteristic
for D. carpophorus at control.

D.: Immature oogonia (arrow)
of D. carpophorus at 0.5 pg/ml of Cd.

E.: Coiled vegetative hyphae of D. carpophorus
as observed at 1.5 pg/ml of Cd.

F.: Zoosporangia of D. carpophorus appeared
curved at 1.5 pg/ml of Cd.

Fig. 1. Some morphological characteristics of Dictyuchus carpophorus at controls and as affected by different treatments
of the heavy metal Cd.

controls (Fig. 1A). In this regards, unusual protoplas-
mic accumulations (Fig. 1B) were recorded inside the
vegetative hyphae of D. carpophorus at the minimum
inhibitory concentration (0.5 pg/ml). Sporangia often
occurred at this concentration but sex organs appeared
in low numbers and they were just appeared after
10 days of the incubation period. Normal eccentric
oogonia were observed only at controls (Fig. 1C)
whereas they appeared immature (Fig. 1D) at this
treatment (0.5 pg/ml). Uprising Cd concentration to
1.0 pg/ml diminished the sporangial formation in
D. carpophorus (Table 1) where they were less fre-
quent. At this treatment, only low numbers of undif-
ferentiated oogonia were remarked after 12 days of in-

cubation but male antheridia were completely missed.
The vegetative hyphae of D. carpophorus were spiral
(Fig. 1E) in their appearance at 1.5 pg/ml concentra-
tion of Cd and they were provided with crippled ends.
Sporangia were observed in low rates at this sup-
plement and they were severely bent being as forced
for curvature (Fig. 1F) compared with that at control.
Sexual reproductive organs totally disappeared at
this concentration although prolongation of the incu-
bation period. With increasing Cd supplements until
2.0 pg/ml (sublethal dose), the vegetative hyphae
showed depleted protoplasmic material and seemed
vacuolated and displayed abnormal branching at
ends. The vegetative hyphae were also sterile bearing
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Table 1T
Effects of various concentrations of the heavy metals; Cd*?, Pb*? and Zn* on some mor-
phological aspects of S. delica and D. carpophorus which included sporangial formation
(SF), sporangial discharge (SD), sexual reproduction organs (SR) and gemmae formation
(GF) as were observed on cultures of water sesame seeds

Tested zoosporic fungi
Heavy | Concs. Saprolegnia delica Dictyuchus carpophorus
metals | pg/ml
SF SD SR GF SF SR
Control H H H H H H
0.5 H H H H H L
cd” 1.0 M R M M M Ro
1.5 L R M R L —
2.0 R - R R — —
4.0 - - - - NG NG
Control H H H H H H
4.0 L L H H H L
Pb 6.0 L - R H H R
8.0 R - R H L Ab
10.0 R - - M R -
15.0 - - - - NG NG
Control H H H H H H
10.0 H H H M H M
P 20.0 M M H M H M
& 30.0 M L R L H Ab
40.0 L R Ro - M Ab
50.0 - - - - R -

Where: — Means that these fungal structures did not appear at this concentration

NG: No fungal growth (lethal concentration), Ro: only rare number of oogonia appeared, Ab: only an-
theridia appeared, H: High numbers, M: Moderate numbers, L: Low numbers, R: Rare numbers

For S. delica: H; >25 per one seed, M; 25-12 per one seed, L; 11-6 per one seed and R; <6 per one

sesame seed.

For D. carpophorus: H; >20 per one seed, M; 20-10, L; 9-5 per one seed and R; <5 per one sesame seed.

neither sporangia nor sexual reproductive organs what-
ever the period of incubation.

S. delica can resist concentrations of Cd until
4.0 ng/ml and these concentrations were the most ef-
fective amongst the heavy metals in reducing its radial
mycelial growth compared with Pb and Zn sup-
plements (Table I). The different tolerant rates of Cd
affected the morphological features of S. delica as com-
pared with normal shapes at control (Fig. 2A). The veg-
etative hyphae showed inner protoplasmic aggregations
at different applications of Cd, which increased with
rising the concentration. As indicated in Table I, the
radial growth of the vegetative colonies of S. delica
lowered with rising the stress concentrations of the
heavy metal Cd. At the concentration of 0.5 pg/ml of
Cd the ends of the vegetative hyphae appeared coiled
compared with that at control. Also, at this mini-
mal inhibitory concentration, zoosporangial forma-
tion, zoospores discharge, and gemmae formation of
S. delica were little harmed and they were still in high
numbers (Table II). However, this concentration pro-
moted oogonial and antheridial formation. Oogonia
characterized by its wide diameter and high density
of oospheres content compared with the control. At
1.0 pg/ml treatments of Cd, zoosporangia were as-

sessed in moderate numbers and they rarely showed
spore release compared with the control. Oogonia and
antheridia were observed in moderate numbers. Oogo-
nia appeared with unusual coiled oogonial stalks and
they did not show complete cytoplasmic cleavage.
Also, gemmae enlarged in their size as compared with
the control although they were depressed in their
numbers (moderate number). Zoosporangia of S. delica
were counted in low numbers at 1.5 pg/ml of Cd and
they rarely showed zoospores discharge. At this supple-
ment (1.5 pg/ml), oogonia and antheridia were also
formed in moderate numbers and oogonia showed no
ooplasm cleavage whatever the extension of the period
of incubation. The ends of the vegetative hyphae of
S. delica severely showed coiled ends at 2.0 pg/ml
of Cd and zoosporangia (rare numbers) were small,
deformed and un-discharged. At this concentration
(2.0 pg/ml) of Cd, rare numbers of rudimental oogonia
and non-functional antheridia were formed and gemmae
were also sharply reduced (rare numbers). Only feeble
sterile mycelial growth, without reproductive struc-
tures, appeared at 4.0 pg/ml of Cd and other higher
concentrations were found lethal for fungal growth.
Effects of Pb*2. With respect to D. carpopho-
rus, the fungus can resist concentrations of Pb until
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A.: Saprolegnia delica at control showing
vegetative hyphae, sporangial proliferation
(arrow) and sex organs (arrowheads).

C.: Premature oogonia (arrow) of S. delica
at 8.0 pg/ml of Pb.

E.: Non-functional antheridia (arrow) in
D. carpophorus as appeared at 40.0 pg/ml of Zn.

B.: Empty oogonia (arrow) of D. carpophorus
as seemed at 6.0 pg/ml of Pb.

D.: Vast sporangial elongation
in D. carpophorus at 30.0 pg/ml of Zn.

F.: Premature oogonia antheridia (arrow)
of S. delica as observed at 30.0 pg/ml of Zn.

Fig. 2. Morphological alterations in Saprolegnia delica and Dictyuchus carpophorus treated
with various concentrations of the heavy metals Pb and Zn.

10.0 pg/ml and higher concentration were found lethal
for spores germination. The different applications of
Pb were the strongest in inhibiting the radial growth
of the vegetative colonies compared with Cd and Zn
treatments as presented in Table 1. As the concentra-
tion of Pb raised the diameters of the vegetative colo-
nies decreased. The vegetative hyphae at 4.0 ug/ml
of Pb (the minimal inhibitory concentration) were
thicker and stunted compared with that at control.
Zoosporangia were highly occurred although they

were shorter and thicker than that at control. Oogonia
(undifferentiated) and antheridia were of low numbers
and they delayed in their appearance (after 8 days of
incubation) compared with the control. At 6.0 pg/ml
applications of Pb zoosporangial formation little
affected and still of high number. Rare numbers of
vacuolated-oogonia (Fig. 2B) and antheridia appeared
at this concentration of Pb after prolonged incubation
period (18 days). Thick vegetative hyphae bearing
low numbers of short zoosporangia were obviously
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appeared at 8.0 pg/ml treatment of Pb. At this appli-
cation (8.0 pg/ml), sexual reproductive organs repre-
sented only by sporadic short antheridia. A very re-
stricted mycelia growth was formed at 10.0 pg/ml of
Pb and the vegetative hyphae were tumoured showing
apical protuberances. Only abortive sporangia were
formed in rare numbers and no sexual structures ap-
peared at this sublethal concentration.

S. delica tolerated concentrations of Pb*? until
15.0 pg/ml and the higher concentrations were found
lethal. In addition, the most remarkable phenomenon
was the increase of S. delica gemmae numbers (high
numbers) at the lowest three concentrations (4.0, 6.0
and 8.0 pg/ml) of Pb being as response of the fungus to
face stress conditions of the heavy metal. The minimal
inhibitory concentration of Pb for the fungal growth
was 4.0 pg/ml at which the lateral vegetative hyphae
showed abnormal branching. Both zoosporangial for-
mation and discharge greatly reduced and they were
appeared in low numbers (Table II). Oogonia and an-
theridia were differentiated and were of high numbers
at this treatment. At 6.0 pg/ml treatments, the vegeta-
tive hyphae were slightly thicker and spiral compared
with the control. Zoosporangial formation greatly de-
formed in their shapes compared with the control and
they did not show zoospores release whatever the
incubation period used despite zoospores cleavage.
Oogonia and antheridia declined in their numbers
(rarely formed) and the majority of oogonia did not
show any cytoplasmic cleavage. Rare numbers of spo-
rangia were observed at 8.0 ug/ml. These sporangia
failed in their cleavage and so no spore liberation real-
ized. Rudimental oogonia (Fig. 2C) and non-functional
antheridia were observed in rare numbers at this treat-
ment. At 10.0 pg/ml treatment of Pb, zoosporangia
were also observed in rare numbers and they were very
reduced in size showing no zoospores cleavage. At
this concentration, gemmae enlarged in size and ap-
peared in moderate numbers. No sexual reproductive
organs appeared whatever the period of incubation.
Only sterile stunted vegetative hyphae appeared at the
sub-lethal concentration (15.0 pg/ml) and other dis-
tinguished morphological fungal structures disap-
peared completely whatever the period of incubation.

Effects of Zn*2. In case of D. carpophorus, the fun-
gal zoospores can germinate and grow until 50.0 pg/ml
concentrations of Zn and thus they running out S. deli-
ca in their tolerance of the heavy metal as indicated in
Table I. The low concentrations of Zn until 30.0 pg/ml
were almost promotive for the radial growth of the ve-
getative hyphae and sporangial formation of D. carpo-
phorus. The results presented in Table II show that
zoosporangia were of high numbers at the low concen-
trations (10, 20 or 30 pg/ml) of Zn. At these treatment
sporangia were pronouncedly elongated (Fig. 2D)
compared with the control. Also, these treatments
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stimulated the germination of the encysted spores
within their sporangia. Oogonia (eccentric) and an-
theridia moderately formed at 10.0 and 20.0 pg/ml
of Zn (minimal inhibitory doses of sex organs) after
4 and 6 days of incubation. However, only twined,
elongated antheridial branches were observed at
30.0 pug/ml. Zoosporangia were counted in moderate
numbers at 40.0 pg/ml supplements of Zn and they
still of unusual elongation. Only non-functional an-
theridia (Fig. 2E) appeared at this treatment and
oogonia completely missed whatever the period of
incubation used. Only sterile vegetative hyphae, which
were spiral in their appearance, were observed at the
sublethal concentration of Zn (50.0 pg/ml).

The low concentration of Zn (10.0 pg/ml) promoted
hyphal elongation of S. delica as compared with the
control (Table I). Both zoosporangial formation and
discharge were highly activated and were of high
numbers as shown in Table II. Oogonia and anthe-
ridia fully differentiated and they were of high num-
bers. The most distinct morphological feature at this
concentration (10.0 pg/ml) is the stimulation of oogo-
nial germination compared with the control. Ripening
eggs (oospores) inside oogonium germinated via long
germ tubes. Gemmae were also recorded in high num-
bers. Zoosporangia and sporangial release were ob-
served in moderate numbers at 20.0 ug/ml of Zn (the
minimal inhibitory concentration for sporangial forma-
tion) but sporangia were longer as compared with the
control. Oogonia and antheridia encountered in high
numbers at this treatment and most of the fertilized
eggs within oogonia also germinated forming germ-
lings. Gemmae slightly dropped at this application and
they were found in moderate numbers. With increasing
Zn supplements for 30.0 pg/ml, moderate numbers
of elongated and multi-branched sporangia, which
showed low rate of zoospores release, were enco-
untered. Undifferentiated oogonia and antheridia
(Fig. 2F) were remarked in rare numbers and enlarged
gemmae were formed in low numbers. At 40.0 pg/ml
concentration of Zn, low numbers of deformed spo-
rangia appeared and these sporangia rarely discharged.
At this treatment, rudimental rare numbers of oogo-
nia were shown and no antheridia formed at all. Only
un-fruitful spiral hyphal threads were observed at the
sublethal concentration of Zn*? (50.0 pg/ml) whatever
the period of incubation used.

Discussion

The results showed that Cd was the strongest
heavy metal in inhibiting the growth and morphogen-
esis of the two tested zoosporic fungi. In accordance
with these results, Tham et al. (1999) reported that the
toxicity of heavy metals in Ganoderma lucidum decre-
ased in the order: Hg > Cd > Cu> U > Pb > Mn = Zn.
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The maximum tolerance rates of D. carpophorus
and S. delica for Cd were 2.0 and 4.0 ng/ml. The dia-
meters of their vegetative colonies decreased with ris-
ing Cd toxicity. Morphological abnormalities of the
vegetative hyphae varied according to the organism
tested and the applied Cd concentration. The vege-
tative hyphae of the two tested fungal species were
spiral and vacuolated compared with the control at
most of the tolerant Cd concentrations. In this regard,
Purkayastha et al. (1994) reported that Cd at 0.05 mM
caused a strong growth reduction of Pleurotus sajor-
caju and Inonotus obliqguus (Baldrain and Gabriel,
1997), and the growth of P. sanguineus and 7. ver-
sicolor was inhibited completely by the addition of
0.1 mM Cd to a stationary liquid culture (Pointing
et al., 2000). In addition, Lundy et al. (2001) found
that the heavy metals Cu, Co, Hg, Zn and Cd at
concentrations between 0.05 and 3.0 mM decreased
the mycelial area and radial extension of Achlya
bisexualis. In the presence of 3 mM Hg the hyphae
displayed spiral growth.

The morphological changes induced by the heavy
metal Cd are also common among other groups of
fungi (Darlington and Rauseer, 1988; Gabriel ef al.,
1996a; Baldrain, 2003; Jaeckel et al., 2005).

D. carpophorus and S. delica tolerated concentra-
tions of the heavy metal Pb until 10.0 and 15.0 pg/ml,
respectively. The heavy metal Pb was the most effec-
tive metal in inhibiting the radial growth of the two
tested organisms. As a result, the vegetative hyphae
of the two fungal species were thicker and stunted
compared with the control. This finding is similar to
that obtained by Ropek and Para (2002) who found
that the growth of Verticillium lecanii was inhibited
by Pb supplements.

D. carpophorus and S. delica tolerated parallel con-
centrations of Zn (50.0 pg/ml). The low concentrations
of Zn until 30.0 pg/ml were promotive for the hyphal
extension and elongation. In this regard, zinc has shown
to be essential for the growth and nutrition of some
species of Phycomyces (Odegard, 1952), Fusarium
(Saraswathi-Devi, 1955), Helminthosporium (Peterson
and Ketelson, 1956; White and Johnson, 1968), Arthro-
botrys (Coscarelli and Pramer, 1962) and Monoascus
purpureus (McHan and Johnson, 1970). In addition,
Jaeckel et al. (2005) found that Heliscus lugdunensis
and Verticillium cf. alboatrum showed a remarkable
difference in their tolerance to Zn. The growth of V. cf.
alboatrum was not inhibited at 1 mM Zn, whereas for
H. lugdunensis no growth occurred above 0.3 mM Zn.
On the other hand, Babich and Stotzky (1978) found
that Zn at 10 mM concentration completely inhibited
mycelial growth of Rhizoctonia solani.

Elevated concentrations of Cd diminished the num-
ber of formed sporangia in D. carpophorus, which ap-
peared in curvature-fashion. The different Cd doses
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inhibited zoosporangial numbers in S. delica and the
process of zoospores formation and release. It was
found that heavy metals are harmful for asexual repro-
duction in different taxonomic groups of fungi. The
reproductive stage of spore formation and conidium
production are much more sensitive to heavy metals
than mycelial growth in saprophytic and mycorrhizal
soil fungi (Leyval et al., 1994) and also in aquatic
hyphomycetes (Abel and Baerlocher, 1984).

Sporangial formation in D. carpophorus and S. de-
lica sharply declined and sporangia became shorter
with rising the heavy metal Pb concentration. In accor-
dance, Ropek and Para (2002) found that the ions of
Pb inhibited the growth and sporulation of Verticil-
lium lecanii.

The low treatments of Zn until 30.0 pg/ml enhanced
sporangial formation and elongation in D. carpophorus
and also flourished the germination of encysted
spores. However, higher concentrations (40.0 pg/ml)
of Zn lowered sporangial numbers before they totally
disappeared at 50.0 pg/ml. Elevated concentrations of
Zn had an inhibitory action on sporangial formation
and zoospores release in S. delica and sporangia as-
sumed different alter shapes according to Zn concen-
tration. In this respect, Halsall (1977) reported that
low concentrations of zinc (10~ to 1076 M) increased
the numbers of zoosporangia formed by Phytophthora
cinnamomi. This probably reflects the requirement by
Phytophthora species for traces of zinc (Hendrix et al.,
1969). However, Halsall (1977) mentioned that the
total inhibition of P. cinnamomi and P. drechsleri myce-
lial growth occurred between 1 and 5x10° M Cu™?
whereas total inhibition of sporangial formation oc-
curred between 1 and 5x 1077 M Cu*?. At copper con-
centrations between 10> M and 5x107’M, many
P. drechsleri zoosporangia were abnormal in appear-
ance and nonviable; in many cases the zoosporangial
wall had ruptured, releasing the zoospores as a non-
motile cohesive mass.

These results are also comparative with that ob-
tained by Duarte et al. (2004) who noted that zinc
concentration and exposure time inhibited fungal pro-
duction and affected fungal reproduction by either
stimulating or inhibiting sporulation rates of aquatic
hyphomycetous fungi colonizing alder leaf discs in
microcosms.

Sexual reproductive organs in D. carpophorus se-
riously affected by the heavy metal Cd and they were
observed only at 5.0 and 1.0 pg/ml after prolonged
incubation period. Oogonia of S. delica enlarged in
diameter and increased in their contents of eggs at the
lowest concentration of Cd whereas the higher doses
were inhibitory for sex organs formation. The sensi-
tivity of formation of sex organs, in response to Cd
stress, was also observed in other taxonomic groups
of fungi (Gabriel et al., 1996b; Chiu et al., 1998).
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The supplements of the heavy metal Pb were gen-
erally promotive for sex organs formation and their
related activities at the low concentrations while they
were suppressive at high doses in the two tested
zoosporic fungi.

Gemmae formation in S. delica treated with the
heavy metal Cd was sensitive where they lowered in
number and size with rising the concentration. Gem-
mae of S. delica increased in numbers and enlarged in
size at most concentrations of Pb being to resist the
stress action of the heavy metal. Higher concentrations
of Zn were only the effective in delimiting the gemmae
formation in S. delica. Similar results were obtained by
Perlman (1948) who mentioned that concentrations
higher than 1 mg/liter of Zn resulted in increased scle-
rotial formation in Sclerotium delphinii. Moreover,
Vega and Le Tourneau (1974) reported that sclerotial
production by Whetzelinia sclerotiorum occurred if Zn
was added to cultures grown for periods of 1-22 days.

Further investigations on the effects of these heavy
metals on the metabolisms and biosorption of
zoosporic fungi would be necessary for precise evalu-
ation. The results of these experiments could prove
the applicability of zoosporic fungi as cheap and safe
biosorbents in bioremediation to treat different wastes
contaminated with heavy metals.
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