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Abstract

Studies on sensitivity of microorganisms colonizing the leaves of winter wheat cultivar Almari to
Amistar 250SC, Bravo 500SC fungicides and Bion SOWG plant resistance stimulator were performed

in 2000-01.

The studied fungicides decreased growth of hyphae fungi colonizing the leaves of winter wheat culti-

vated in pots, especially 24 hours after treatment, compared to control. Created free ecological niche was
inhabited by bacteria and yeast-like fungi. From leaves treatment with Bion 5S0WG, the number of isolated

microorganisms was bigger than control.

In vitro fungicides Bravo 500SC and Amistar 250SC were very toxic to fungi Rhodotorula sp., Sac-
charomyces sp. and Cryptococcus sp. Colonizing the leaves of winter wheat. Bion SOWG plan resistance
stimulator was toxic, but only in concentrations of 50 and 500 pg to Rhodotorula sp. Studied plant protec-

tion agents stimulated of strain Candida albicans.
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Introduction

The leaf surface of winter wheat is a specific ecosys-
tem inhabited by bacteria and fungi; an ecosystem which
is mainly shaped by plant secretions [1, 2, 3, 4, 5, 6, 7].
Characteristic species of this ecological niche are: Alter-
naria alternata (Fr.) Keissler, Cladosporium spp. Fusar-
ium spp., Aureobasidium pullulans (de Bary) Am. [1, 2,
7]. Nevertheless, yeast-like fungi play the dominant role
here; most frequently mentioned are the species that be-
long to the following genera: Sporobolomyces, Rhodotor-
ula, Candida, Cryptococcus [7, 8, 9]. As far as epiphytic
bacteria are concerned, the following genera are worthy
of mention: Pseudomonas, Bacillus, Enterobacter, Erwin-
ia, Flavobacterium, Xanthomonas and Pantoea [10, 11,
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12, 13]. A homeostasis is established between the micro-
organisms colonizing the leaf surface; this homeostasis is
put under pressure from the environment, which is both
naturally occurring and anthropogenic. Plant pesticides in
this system may be treated as an impermanent ecological
stress. These preparations, when applied as recommended
by a manufacturer, act at low or medium concentrations,
which is too weak and too short-acting to produce any ir-
reversible changes in the ecosystem [3, 14, 15]. It should
be remembered, however, that fungicides are extensively
used in agriculture and their microenvironmental impact
is widespread [16]. Exhaustive tests for the toxicity of
fungicides are being carried out on animals; nevertheless,
in recent years many publications have appeared and they
show alternative methods of toxicological evaluation of
plant pesticides, methods that are fast and cheap [17, 18].
Yeast-like fungi, which are eukaryotic organisms, provide
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a potentially suitable model for cytotoxicological evalua-
tion of preparations which are introduced to the agricul-
tural environment [19, 16]. Furthermore, they are wide-
spread, they commonly occur on leaves and they play a
significant role under natural conditions, a role which has
not yet been fully explained [1, 2, 3, 4, 5, 6, 7].

The present study is an attempt to determine the sensi-
tivity of various groups of microorganisms colonizing the
wheat leaf surface to plant pesticides which contain chlo-
rotalonil, strobilurin and acibenzolar-S-methyl; it is also an
attempt to use yeast-like fungi as model organisms for toxi-
cological evaluation of the aforementioned preparations.

Materials and Methods
The Outline of the Experiment

Pot experiments were carried out in two series in
2000-01. The exact experiment was located in the Ex-
perimental Station in Tomaszkowo near Olsztyn under
conditions of natural sources of foliar infections. Winter
wheat, the cultivar Almari, was the object of the study. It
grew in 30 cm diameter pots (20 plants/pot). The experi-
ment was planned in a completely randomized design in
four replications. At the beginning of blade spraying the
plants were sprayed with plant pesticides in the recom-
mended commercial doses. A plant resistance stimulator
called Bion 50WG (acibenzolar-S-methyl) and the fun-
gicides Bravo 500SC (chlorotalonil) and Amistar 250SC
(azoxystrobin) were applied. Objects that were sprayed
with sterile water provided a control.

Collecting Plant Samples

The analysis of the population of microorganisms
colonizing the leaf surface of winter wheat was carried
out after 24 hours (the end of growing apace (GS 29)),
after 10 days (the beginning of blade spraying (GS 30)
and after 20 days the stage of the first node (GS 31) from
the moment of plant pesticides application. Ten full-
grown leaves were collected from each pot, always third
from the top. A cumulative sample was taken from the
collected leaves and next, 1 cm pieces were cut from the
base part of leaf blade; then their width was measured.
Different methods were adopted according to the group
of the microorganisms isolated from the surface of the
leaves.

Microbiological Analysis

Leaf cut-outs (15 from each combination) were rinsed
in 15 ml of sterile water in 200 ml flasks. The flasks to-
gether with leaf pieces were shaken for 30 minutes in a
358S-type table shaker (frequency 170/min, amplitude 8)
[5, 7]. 0.1 ml of microorganic suspension was taken from
each flask, and then it was inoculated with a palp into the
following substrata: nutrient agar pH 7.2 used for isolat-
ing bacteria, Martin’s medium (PDA medium with rose
Bengal and streptomycin) used for isolating fungi.

The experiment was planned in four replications. The
microorganisms were incubated in the dark at 25°C. After
the number of colonies on the plate had established, their
counts were calculated per 1 cm? of the leaf surface. The
results were statistically handled by means of the analysis
of variance on transformed data (y=log(x+1)).

The Isolation of Ballistosporic Fungi

One-centimetre leaf pieces were attached to the Petri
upper plate with petroleum jelly [5]. The lower plate was
filled with potato dextrose nutrient medium. The experi-
ment was planned in four replications. The microorgan-
isms were incubated in the dark at 25°C. After four days
the grown colonies of fungi were counted four times, every
24 hours. After their number on the plate was established,
their counts were calculated per 1 cm? of the leaf surface.
The results were statistically handled by means of the
analysis of variance on transformed data (y=log(x+1)).

The qualitative analysis of the composition of the
community of hyphal fungi. The qualitative composi-
tion of the population of hyphal fungi was analyzed 24
hours, 10 days and 20 days after each fungicide treatment
[15]. The colonies of fungi that had different morphologi-
cal features were subcultured from Martin’s medium onto
agar slants. The slants were incubated for 7 days in the
dark at 25°C. The fungi were determined on the basis of
the available keys and monographs [20, 21, 22, 23, 24,
25,26, 27, 28].

1000 <t XL
100 N
\ 9
10 2 o 94
O— N (I\, -_—
1 -
- -ﬁ.\a{\
0.7 R 0,1
0,1 =~ -
° 02 v
0,01 0.2 ~~ 1
0,001
GS29 GS 30 GS31
10000 — U
2300
(oS
v’ ~ ~
1000 ~
7
’ * ~ o
, 7/ N 230
100 A
28 ’ 58
g - -
18 - .- AR
10 i) =" -
— o _=
6 -~
e
3
1
GS 29 GS 30 GS 31
—O= 'Bacteria = 0= Hyphal fungi
—/r—Yeast-like fungi —@— Ballistosporic yeast-like fungi

Fig. 1. Number of microorganisms colonizing the leaves of win-
ter wheat in the years 2000 (top) and 2001 (down).
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Fig. 2. The effect of pesticides on microorganisms colonizing the leaves of winter wheat (sum in years 2000-01).

The Influence of Selected Plant Pesticides
on the Growth of Yeast-Like Fungi

The method of “intoxicated substrata” [29] was em-
ployed in the studies. The following concentrations of the
plant resistance stimulator Bion SOWG and the fungicides
Amistar 250SC and Bravo 500SC were applied: 5, 50,
500 pl of biologically active substance in 1 ml of PDA
substratum. Petri plates without the preparation provided
a control. One analyzed the growth of yeast-like fungi of
the genera Cryptococcus, Candida and Rhodotorula that
were collected from leaves, and an isolate of Candida al-
bicans that was collected from human oral cavity. These
fungi were determined on the basis of the form of micro-
culture and on the basis of biochemical tests used for the
determination of yeast-like fungi, called API 20 C AUX
[30, 31, 32]. After their number on the plate was estab-
lished, their counts were calculated by means of computer
image-analysis using a program called Microscan. The
experiment was planned in four replications. The results
were statistically analyzed and given in percentage of
control combination.

Results

The composition and count of the communities of mi-
croorganisms that belong to winter wheat phyllosphere
were characteristic of this ecological niche. Bacteria were
dominant here (Fig. 1); in the year 2001, when the sys-
tem of weather conditions was conducive to their growth,
their count averaged about 2300 of colony-forming units
(CFU) per 1 cm?of leaf surface. The community of fungi

emerged to be quite numerous and diversified. Yeast-like
fungi were most frequently isolated. In the second year
of studies, from 6 to 58 CFU were obtained, on average,
from 1 ¢m? of a leaf of winter wheat, depending on the
time of observation. Hyphal fungi and ballistosporic
yeast-like fungi were few. In 2000 hyphal fungi were ob-
tained occasionally, while ballistosporic yeast-like fungi
were obtained only at the stage of growing apace (GS
29). The system of weather conditions in 2001 was more
conducive to the growth of epiphytic fungi. In addition,
the older the plants were, the more numerous the commu-
nities of hyphal fungi and ballistosporic yeast-like fungi
became (Fig. 1).

In most cases the fungicides under study showed vari-
ous direction and power of action on the studied groups of
microorganisms in comparison with the preparation Bion
SOWG (Fig. 2). One day after the application of fungicides
on leaves the numbers of hyphal fungi and ballistosporic
yeast-likes were definitely lower in comparison with the
control, while in the case of the fungicide Bravo 500SC
the same held true also for the rest of yeast-like fungi. In
this observation period the resistance of plant stimulator
Bion SOWG was definitely stimulating to all the studied
groups of microorganisms. After 10 days from the pro-
tective treatment the count of communities of the studied
epiphytic hyphal fungi was back at the control level. At
that time the count of the bacteria community in combina-
tions where the preparations were applied was definitely
higher than in the control. A higher number of yeast-like
fungi in comparison with the control were also observed
on winter wheat leaves which were protected with the
preparation Amistar 250SC. After 20 days the reductive
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I D D S S R S action of pesticides on hyphal fungi and ballistosporic

— 1= yeast-likes was declining; nevertheless, it remained at the

| T T T R R T I R same level in the rest of yeast-like fungi. The count of
bacteria community was returning to the control level.

' R S A I I I Leaf surface of the winter wheat that belongs to the

S P P R N R S B cultivar Almari constituted a peculiar ecological niche,

which was inhabited by a population of hyphal fungi, a

' [ R I T AT I I Rl population which was not much diversified and was char-

- acterized by high growth dynamics in the observation pe-
— | riod (Table 1). I obtained a total of 760 colonies of fungi
which belonged to 30 genera and species; dark non-sporu-

9

1 1 ' 1 1 1 1 1 1 )}
lating colonies were also obtained. In 2001 more fungal
' [ R T B NS colonies were obtained, constituting as much as 85% of
- the whole isolation. The community of fungi which was
L N obtained in the year 2000 contained from 1 to 7 species;
, A I P T T T PN in 2001 from 2 to 9, depending on the applied plant pes-
ticides.
' N N T N R Saprophytic species, characteristic of this biocenosis
. T T 1T 17T 1T 1T Te=le were of the genus Cladosporium (Cladosporium her-
19 barum, Cladosporium cladosporioides, Cladosporium
—_ w| e macrocarpum), which constituted 61% of all isolates. It
emerged that the taxa which occurred with these fungi
' L R R I A AU B el B were the fungi of the genera Penicillium, Trichoderma (T.
. T T T T T Telw aureoviride, T. konigii, T. hamatum, T. viride) Acremo-
- nium and Alternata.
: PN T R T A O O R e Potentially pathogenic fungi, Fusarium avenaceum

and Septoria tritici, emerged occasionally, on leaves pro-
S N N N tected with plant resistance stimulator (both types) and
with the fungicide Amistar 250SC (F. avenaceum).

One day after treatment the fungicide Bravo 500SC
| I T R S N = reduced the number of epiphytic species of hyphal fungi;

11

species of the genus Trichoderma occurred more fre-
quently in this combination than in the control. The fun-

gicide Amistar 250SC and the plant resistance stimulator
Bion 50WG contributed to specific diversification of the

| PN T O T T O IO PO I community of saprophytic hyphal fungi in comparison

with control. Ten days after the treatment the trend for
the modification of the number of species of saprophytic

fungi induced by plant pesticides was declining.
Fungi of the genus Cladosporium accumulated on the

31

! vl = ] | e winter wheat leaves which were protected with fungi-

cides. This effect was extreme in the case of the fungicide
Amistar 250SC. Nevertheless, the action of the prepara-
tion Bravo 500 SC was greatest. 20 days after treatment
the plant resistance stimulator Bion S0WG was conducive
to accumulation of the genera Cladosporium and Rhizo-
pus.

Under in vitro conditions yeast-like fungi from win-
ter wheat leaves appeared to be sensitive to the action
of the fungicides Amistar 250SC and Bravo 500SC (tab.
2). In the presence of the fungicide Amistar 250SC the
colonies of the fungus of the genera Cryptococcus and
Rhodotorula strain 25 did not grow even at the small-
est concentration of biologically active substances. The
fungicide Bravo 500SC had similar action on the fungus
of the genus Rhodotorula strain 25. The viability of the
rest of the strains of the genera Candida and Rhodotorula
which were collected from the leaves in the presence of

Scopulariopsis chartarum (G.Smith) Morton et
G.Smith

Septoria tritici Rob. Ex Desm.

Torula herbarum (Pers.) Link ex S.F.Gray
Trichoderma aureobaviride Rifai

Trichoderma koningii Oud.

Trichoderma hamatum (Bon.)Bain.
Trichoderma viride Pers. Ex S.F.Gray

Non-sporulating mycelium

Scopulariopsis sp.

Total
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Table 2. The effect of preparations on the survival rate of the yeasts fungi.

Contents of active ingredient
in pul/1 ml PDA Mean
Species of fungi Preparation 5 50 500
Survival rate (% of control)
Amistar 250SC Oa* Oa Oa Oa
Bion 50 WG 100.0bed 47.7ab 44 .3ab 64.0b
Cryptococcus sp.
Bravo 500SC 83.0abc Oa 83.3abc 55.4b
Mean 61b 16a 42ab
Amistar 250SC 4.0a 4.1a 3.9a 4.0a
Bion 50 WG 89.3bcd 70.8abc 72.0abc 77.4b
Candida sp.
Bravo 500SC 4.0a 3.4a 3.7a 4a
Mean 32.3ab 26.1ab 26.5ab
Amistar 250SC 132.3bed 126.3bced 118.7bcd 125.8a
Bion 50 WG 165.0de 111.7bcd 113.7bcd 130.1¢c
Candida albicans
Bravo 500SC 151.0cde 165.7de 205.0e 173.9d
Mean 149c¢ 123¢ 146¢
Amistar 250SC 1.1a 1.8a 0.8a 1.2a
Bion 50 WG 109.2bcd 120.3bed 109.3bed 112.9¢
Rhodotorula sp. 21
Bravo 500SC 0.7a 0.5a 0.5a 0.6a
Mean 37.0ab 40.8ab 36.9ab
Amistar 250SC Oa Oa Oa Oa
Bion 50 WG 94.7bcd 47.9ab Oa 47.5b
Rhodotorula sp. 25
Bravo 500SC Oa Oa Oa Oa
Mean 31.6ab 15.9a Oa

* - values marked by the same letters do not differ significantly according to Newman-Kuels

the studied fungicides did not exceed 5%, irrespective of
the concentration of biologically active substances in the
substratum.

The plant resistance stimulator Bion S0WG had nega-
tive action on the growth of the fungus of the genus RAo-
dotorula strain 25 only at a concentration of 50 pg/ Iml
PDA, when it reduced its growth by more than 50% in
comparison with the control (Table 2). The second strain
which belonged to this genus grew better in the presence
of plant resistance stimulator than without it. The viability
of fungi of the genera Cryptococcus and Candida in the
presence of Bion 50WG ranged, respectively, from 44.3
to 72.0% at its highest concentration (500 pg/ Iml PDA)
and from 47.7 to 70.8% at a lower concentration (50 pg/
Iml PDA).

All the studied plant pesticides had a stimulating action
on the growth of the Candida albicans colony collected
from human oral cavities, at all concentrations (Table 2).
This direction of action was most observable in the pres-
ence of 500ul chlorotalonil in 1ml of PDA substratum.

The preparations Bion SOWG and Amistar 250SC had the
strongest action at a concentration of 5 ul of biologically
active substance in the substratum.

Discussion of Results

The leaf surface emerged as an ecological niche that
was particularly sensitive to the change of atmospheric
conditions. Heavy rainfall in May 2000 (almost twice as
much as in perennation) caused the washing off of mi-
crobial spores [2] and organic compounds from the leaf
surface of winter wheat [6]. May 2001 was warm and
humid, but without heavy rainfall, which was conducive
to the growth of microorganisms on leaves. Exception-
ally low temperatures in the second decade of May of that
year were conducive to the accumulation of psychrophilic
fungi of the genus Cladosporium [24].

The inhibitory action of plant pesticides on hyphal
fungi was considerable one day after the protective treat-
ment. Fungi of the genus Cladosporium were hardly sen-
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Table 3. Ecological information (date of producer).

.. Amistar .
Ecotoxicity 250SC Bravo 500SC | Bion 50 WG
Toxicityto |5 4ot | 0.195mg!l | 1.3 mgl

fish
Toxicityto | 47 ot | 0882mg | 2.8 mg/l
daphnia ) & ) & ©Mme
Toxicity to
algac 0.26 mg/1 0.521 mg/1 4.8 mg/l

sitive to plant pesticides, results that are consistent with
Btaszkowki’s findings [1]. The applied fungicides consid-
erably reduced the number of isolations of non-sporifying
colonies, which increased the number of species of spore-
forming fungi. This confirmed Btaszkowski’s findings [1]
that fungicides, being a stressful factor, induce sporifica-
tion in fungi.

Yeast-like fungi appeared to be the commonest fungi
that grow on winter wheat leaves [9]. Their function is
still to be examined. It is presumed that they may, among
other things, reduce the growth of typical leaf pathogens.
For this reason it is important to know whether the ap-
plied fungicides limit the spectrum of non-pathogenic
fungi that occur on the leaf surface [8]. High sensitivity of
ballistosporic yeast-like fungi to the action of the exam-
ined fungicides seems to be not very favourable; this sen-
sitivity had been also observed earlier [S]. The sensitivity
of the rest of yeast-like fungi to the examined fungicides
seems to be disputable. These fungi, indeed, appeared to
be insensitive to the applied fungicides a short time after
treatment, just as was the case in Mikotajska’s examina-
tions [7]. Later observations, however, show their high
sensitivity to some plant pesticides.

The examinations carried out at the initial stages of
wheat growth supported the thesis that bacteria are the
first to appear on leaves and they are pioneers followed
by yeast-like fungi and next by hyphal fungi [11]. The
application of chlorotanonil, which shows high activity
on many fungi, 4scomycetes in particular, caused the in-
crease of count of bacteria on leaves. Rodgers-Grey and
Shaw [11] observed the same dependence.

The applied strains of yeast-like fungi (collected from
leaves, in particular, of the genus Rhodotorula) appeared
to be very sensitive to the examined fungicides under lab-
oratory conditions. It seems possible to use these eukary-
otic organisms for toxicity tests of plant pesticides [16].
Chlorotanonil, a substance that has been used on a large
scale for many years [33]), shows high toxicity to fish,
daphnia, and algae (tab. 3). Its toxicity to other yeast-like
fungi is also high. Azoxystrobin shows a wide spectrum of
action [33]. Its toxicity to water organisms, fish, daphnia
and algae is low. Definitely, the lowest ecological toxicity
of Bion 50 WG was confirmed in the present study.

Strong resistance of the strain Candida albicans collect-
ed from a different environment to the examined prepara-
tions that are widely used in agriculture is perplexing. This

species is considered pathogenic for a human being. It can
be transmitted in the environment by wild animals or farm
animals [34], as well as by surface water [35]. It emerges
that in the case of the analyzed plant pesticides it may be
expected that they will also stimulate the growth of popula-
tion of this pathogenic species in its natural reservoirs.
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