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ABSTRACT

The aim of the present study was to determine how internal diversity of oak-hornbeam forest modifies the co-
urse and effects of infestation of small-flowered balsam (Impatiens parviflora) with rust Puccinia komarovii. The
study investigated the effect of the disease on the demography of the population, and the habit and biomass allo-
cation of the infested specimens, as well as the initiation of non-specific defense mechanisms.

It was shown that: 1) the percentage of infected specimens was independent of the undergrowth-coverage rate
and of the 1. parviflora density; 2) infected populations differ from healthy ones in the seasonal dynamics of abun-
dance changes; 3) high mortality is observed as early as May and the first part of June, i.e. it pertains to speci-
mens, which did not begin reproduction; 4) the presence of infection and its intensity stimulate the growth of the
stem and the hypocotyl; 5) fresh weight of infected specimens is by almost 30% lower in comparison to the wei-
ght of uninfected plants; the weight of badly infected plants decreases by 20% in comparison to the less severely
infected balsam plants; the weight of generative organs drops most significantly, even by over 50%; 6) biomass
allocation does not fluctuate considerably; 7) reproduction effort expressed by the ratio of the weight of fruits (or
only seeds) to the total biomass shows a distinct downward trend; 8) the environmental factor does not affect the
force of defense mechanisms, the strength of biochemical response of diseased plants depends on the degree of
their infestation.
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effects, biomass allocation, physiological host-pathogen interaction.

INTRODUCTION

Since a long time the relationship between fungus para-
site and host plant has been studied in cultivation. These
studies concerned tractability of agricultural plant varieties
to disease and the effect of disease on plant harvest. Some
few investigations carried on wild plant populations indi-
cate, that the fungi influences plant demography, morpho-
logy and hardiness (Burdon 1987; Clay 1990; Elias 1995;
Harper 1977; Lembicz 1996; Panika 2004).

The Asian plant of small-flowered balsam (Impatiens
parviflora) has been found in Europe for over 160 years.
The naturalization of this species in the new continent is
evidenced among others by the fact that it enters into nu-
merous interrelationships with fungi, plants and animals li-
ving on the continent (Daumann 1967; Hegi 1965; Schmitz
1998; Stary, Laska 1999; Trepl 1984). At the same time,
through balsam plants also other organisms, previously not
found here, have been imported to the new habitat (Sta-

cherska 1972). One of them is the fungus Puccinia koma-
rovii.

Puccinia komarovii originated from Central Asia and the
northern Himalayas, where it parasitizes on Impatiens pa-
wiflora and Impatiens amphorata Edgew. The crossing of
the geographical boundary occurred in the early 20th cen-
tury, probably through seeds of Impatiens parviflora mixed
with the fungus (Savich 1957). In 1921 the analyzed spe-
cies was found in Kiev, in 1933 in Berlin, in 1937 in Riga,
in 1938 in Copenhagen, and in 1940 in Salzburg (Rauhala
1951 after Trepl 1984; Sydow, Sydow 1935; Trepl 1984).
In Poland it has been reported since 1934, the first stands
were found in Silesia and in Beskidy. Puccinia komarovii
is at present considered a common species throughout Po-
land (Majewski 1979). In Europe it is considered an inva-
sion species (Bacigdlova, Zlochova 2001).

The aim of the presented investigations was to determine
how the internal diversity of oak-hornbeam forest modifies
the course and effects of rust infection. The effect of the
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disease was investigated on demography of the population
and the habit and biomass allocation of the infected speci-
mens, as well as the initiation of non-specific defense me-
chanisms.

METHODS

The investigations were conducted in the Wielkopolski
National Park. In forest sector 136 permanent plots of 3x5 m
were established. The sites of the plots reflected the inter-
nal diversity of the oak-hornbeam forest Galio sylvatici-
Carpinetum (Table 1).

Field observations were conducted for 3 years. At the
turn of July and August the diseased and healthy speci-
mens, growing in the plots of 1X1 m incorporated into per-
manent study plots, were counted. At the same time, the
coverage rate with undergrowth plants was recorded for
each plot. On the basis of the collected data statistical ana-
lyses (Pearson correlation) were performed to find whether
undergrowth density and the density of small-flowered bal-
sam had a significant effect on the percentage of diseased
specimens. In one year additionally the percentage of spe-
cimens with mild and severe disease symptoms were recor-
ded, which was the simplest method to assess the intensity
of the disease. Plants in which whole leaf blades were co-
vered by uredia, telia and numerous yellow discolorations
of leaf tissues were considered to exhibit severe disease
symptoms.

Selected elements of demography of the infected balsam
population were recorded during two seasons. Changes in
density of Impatiens parviflora were investigated in experi-
mental plots A-F. In one year in plots of 1x3 m, establi-
shed within permanent plots A-F more detailed observa-
tions were undertaken on changes in the number of plants
in the period from seed germination to the full generative
development of the specimens. From April to June obse-
rvations were conducted at weekly intervals, whereas in Ju-
ne and July at the intervals of two or three weeks. Each ti-
me the number of balsam plants, the percentage of speci-

TABLE 1. Characterization of research plots.
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mens with rust infection symptoms and dates of entering
the generative phase by the first balsam plants were recor-
ded along with remarks concerning distinct changes in the
Impatiens parviflora habitat.

In moderately shaded sites 30 diseased and 30 healthy
specimens were selected. Due to the difficulties in collec-
ting the sample containing healthy balsam plants from gaps
in the tree stand, 30 severely infected and 30 mildly infec-
ted plants were selected. The size of the sample was deter-
mined after Abrahamson and Hershey (1977). The length
of the stem and the diameter of the hypocotyl were measu-
red on living plants and the leaves, flowers and fruits were
calculated on each of the selected plants. Immediately after
the plants were collected their fresh weight was determi-
ned. Roots, stems and leaves of the collected plants were
weighed using a WPE 600 balance (up to 600 g), flower
buttons and flowers were weighed on a WPE 30 electronic
balance (up to 30 g), while fruits — on a WPA 60/C/1 elec-
tronic balance (up to 60 g).

The presence of Puccinia komarovii on Impatiens parvi-
flora was documented in the form of binocular macropho-
tography and microphotographs taken under a SEM.

Resistance mechanisms of Impatiens parviflora were in-
vestigated on rust spots on leaves in order to determine the
range of metabolic response of plants. Peroxidase activity,
the release of H,0O, and the lignification of cell walls were
determined. The investigations were conducted in two va-
riants:

1. Release of active oxygen forms is usually a short-term
process, thus in order to detect the occurrence of this meta-
bolic reaction a sample of 30 plants with mild disease
symptoms was collected, selecting specimens from all the
plots. Observations were conducted on two leaves from
each plant.

2. In order to check whether environmental factors modify
the strength of defense mechanisms, ten diseased specimens
were selected at random from each experimental plot. Obse-
rvations were conducted on two leaves from each plant.

The presence of H,O, was detected according to Thor-
dal-Christensen et al. (1997). A water solution of DAB

Plot symbol  Character of phytocoenosis Tree canopy density Soil moisture % vol. C:N
and light condition

A Gs-C; best preserved patch a; 90% 37.69 16.64
ap —
b—

B Gs-C with 1. parviflora domination a;35% 24.96 15.50
2, 20%
b—

C Gs-C with 1. parviflora domination hallow 17.99 17.93

D Gs-C well preserved patch hallow 33.76 13.50

E Gs-C with massive occurrence of Carpinus betulus seedlings  a; 10% 31.75 19.20
ap —
b 20%

F Contact zone in Gs-C ecotone with Calamagrostio-Quercetum a; 5% 16.80 18.43
a —

b 5%
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Fig. 1. Puccinia komarovii on Impatiens parviflora. a, b — aecidia; c, d — uredia; e, f — telia.

(1 mg - ml'' H,O) was prepared adding 1 M HCI dropwise
until DAB-HCI of pH 3.8 was produced. Such solution was
poured into Petri dishes, in which the leaves were placed.
Leaves were taken out of the solution after 12 h, washed in
distilled water and chlorophyll was removed in boiling
96% ethanol heated in a water bath. The appearance of red-
brown color on the leaves indicated the presence of hydro-
gen peroxide.

Peroxidase activity was determined according to Thor-
dal-Christensen et al. (1997). To the DAB-HCI solution of
pH 3.8, prepared as described above, 2 M NaOH were gra-
dually added in order to increase pH of the solution to 5.8.
Each leaf was flooded with such solution with the addition
of 2.5 ml water solution of 1.0 mM H,O,. The presence of
peroxidases was evidenced by the appearance of polymeri-
zed DAB in the form of red-brown coloring.

The in vivo lignin detection was carried out according to
Milosevic and Slusarenko (1996). Leaves were placed for
12 h in 25 ml 1% phloroglucin solution in 70% ethanol.
Next leaves were rinsed twice in distilled water and placed
for a moment in 30% HCI. The occurrence of red-orange
coloring indicates the presence of lignins.

RESULTS

Symptoms of Puccinia komarovii infestation

The whole life cycle of Puccinia komarovii occurs on
one host. Rust development takes place in two phases: the
vegetative stage (mycelium) and the sporulating stage
(Chester 1946; Joseph 1929). Detailed descriptions of the
sporulating stage were given e.g. by Bacigdlova et al.
(1998), Buhr (1964), Majewski (1979), and Sydow and Sy-
dow (1904).

In infected balsam plants in the Wielkopolski National
Park aecidia appeared in the period from May to June.

They are found on the stem, less frequently on the petiole
and the underside of cotyledon blades — they often cause
calluses and deformations of the hypocotyl (Fig. la, b).
Uredia may be observed as early as June on the underside
of leaf blades; they take the form of small light brown clu-
sters (Fig. 1c, d). They are accompanied by indistinct yel-
lowish spots on the upper part of leaves. Apart from uredia,
concentrically distributed chestnut brown sporing telia de-
velop in July and August (Fig. le, f).

The effect of the disease on the demography
of balsam plants

During the three years of observations no such phytoceno-
sis patches were found, in which all the specimens were free
from the fungal parasite. Statistical methods showed that the
percentage of infected specimens was independent of the
undergrowth-coverage rate and of the density of Impatiens
parviflora. However, at density of balsam plants above
90 specimens/m? the percentage of diseased specimens was
always above 90%. At density below 90 plants/m? the per-
centage of infected plants varied considerably, ranging from
0to 100% (Fig. 2).

The frequency of infested specimens varied depending
on site conditions, under which Impatiens parviflora was
developing (Fig. 3). The smallest percentage of such speci-
mens was found in experimental plot D, while slightly hi-
gher — in plots A and E. The highest number of plants infe-
sted by the fungus, i.e. approx. 95% all specimens, was re-
ported in plot C. A high (B) and very high (C) percentage
of infected balsam plants is connected with very high den-
sity of this species, as has been mentioned earlier. In all the
experimental plots the ratio of infected and healthy speci-
mens during the three successive years of observations was
similar and the maximum seasonal variation was 20%.
Fungal infection developed with varying intensity in indi-
vidual plots, but in all the sites severely and moderately in-
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Fig. 2. The influence of Impatiens parviflora density on the participation
of infected specimens by Puccinia komarovii.

fected specimens were found. The percentage of severely
infected specimens varied considerably, ranging from ap-
prox. 30% (D) to approx. 70% (B, C).

Investigations showed that there is a dependency betwe-
en the percentage of all infected specimens and the severity
of infection (Fig. 4). Balsam was more moderately infected
in the ecotone zone than in the oak-hornbeam forest, as
was indicated by the considerable percentage of moderate-
ly infected plants in comparison to the total percentage of
infected plants.

Infected populations of Impatiens parviflora differ from
healthy populations in the seasonal dynamics of population
size. In figure 5 the results of the investigations, conducted
by the authors of this study in the Wielkopolski National
Park, were compared with data coming from the uninfected
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population in the Bialowieza National Park (Kujawa-Paw-
laczyk 1991). In infected populations a decrease in density
began usually in May, while in healthy populations the be-
ginning of the drop in density was observed not earlier than
in June, and most often in July or August. Such a shift in
time may not result only from climatic differences, thus
they are explained by the effect of parasitic rust. The slope
of curves does not show distinct differences in the popula-
tions with the presence of Puccinia komarovii and those
without it.

The beginning of the decrease in the number of speci-
mens and the appearance of the first peridea (Fig. 6), ure-
dia and telia occurred almost simultaneously in all the
experimental plots. Thus, the rate of infection was indepen-
dent of the conditions, under which Impatiens parviflora
developed in the oak-hornbeam forest and in the ecotone.
The first plants died still with no visible symptoms of the
fungus presence. The penetration of Puccinia komarovii in-
to the host plants occurs during the germination of see-
dlings, whereas early symptoms of infection (visible peri-
dea) were observed after approx. 2 months since the infec-
tion. Peridea appeared on plants already after the first spe-
cimens entered the generative stage; however, they were
found solely on vegetative specimens. High mortality in
May and in the first part of June pertained only to vegetati-
ve specimens. The specimens, which entered the flowering
stage fast, did not die at that time. In successive months of
vegetation, when Impatiens parviflora was in the generati-
ve stage, high losses of plants from the population were
still observed.
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Fig. 4. The proportion of Impatiens parviflora infected by Puccinia komarovii and severity of infection. Circle diameter and% value — participation of in-

fected specimens in population; A-E — the oak-hornbeam; F — the contact zone.
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Fig. 5. Seasonal changes in the abundance of
diseased Impatiens parviflora population (in
Galio sylvatici-Carpinetum (A-E) and the
contact zone (F), Wielkopolska National
Park) and healthy population (in Tilio-Carpi-

v oV vV v IX

X XI netum, Biatowieza National Park).

TABLE 2. The influence of Puccinia komarovii Tranzsch. infection on some vegetative features of Impatiens parviflora.

Plant samples Stem  Hypocotyl Hypocotyl Stem length : Stem length : Root system length
length length diameter : Hypocotyl length : Hypocotyl diameter

Moderately shaded sites X 19.41 7.92 0.41 2.61 47.28 4.23
healthy specimens SD 3.49 1.66 0.05 1.02 6.56 1.91
\Y% 17.98 20.94 11.08 38.93 13.87 45.16

Max 257 11 0.5 6.39 61.04 8.5

Min 12.2 35 0.31 1.6 29.76 1.3

Moderately shaded sites X 21.14 8.65 0.42 249 50.7 3.7
diseased specimens SD 4.2 1.36 0.06 0.59 7.29 2.36
\Y% 19.89 15.7 15.16 23.67 14.37 63.89

Max  29.2 10.8 0.52 3.6 62.82 11.6

Min 7.4 5.8 0.3 0.94 23.13 1.4

Gaps in the tree stand X 52.34 7.98 0.53 6.72 100.74 2.94
mildly infected specimens SD 5.04 1.23 0.08 1.28 11.79 1.47
\Y% 9.63 15.38 15.49 18.99 11.7 50.17

Max  63.7 10 0.69 10.24 125.83 5.8

Min 394 4.9 0.39 4.15 77.94 0.9

Gaps in the tree stand X 51.73 8.01 0.5 6.52 105.64 3.35
severely infected specimens SD 8.26 1.24 0.1 0.95 16.26 1.17
\Y% 15.97 15.54 19.92 14.56 15.39 35.09

Max 708 11.3 0.73 8.52 136.75 5.8

Min 37.1 5.7 0.34 4.7 77.76 1.5

The effect of the disease on the habit and biomass
of balsam plants

The presence of the fungal infection and its intensity had
an effect on the habit and biomass of small-flowered bal-

sam. In infected specimens the length of the stem and hypo-
cotyl increased by approx. 9%, while the length of the root
decreased by almost 13% in comparison to healthy plants
(Table 2). The presence of the fungus did not change the
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Fig. 6. Seasonal changes in Impatiens parviflora density and participation of infected specimens.

Grey colour — healthy specimens;

Black colour — diseased specimens;

V¥ — first flower buds on Impatiens parviflora;

<> — the time of development of hornbeam seedlings leaves.

diameter of the hypocotyl. It was found that also in two gro-
ups of diseased specimens, i.e. in moderately and severely
infected plants, the length of the hypocotyl increased along
with the severity of the infection, but only by approx. 4%.
Both the presence of the fungus itself and the intensity of
infection increased the dispersion of values for most analy-
zed metric traits. Infected specimens in comparison to unin-
fected ones and severely infected specimens in comparison
to plants moderately infected had lower numbers of leaves,
flowers and fruits. Although the fungus severely damages
the surface of leaf blades (forming uredia and telia), the
number of leaves decreased least significantly (Table 3).
Fresh weight of infected plants was by almost 30% lower
in comparison to the weight of uninfected plants. The wei-
ght of severely infected plants decreased by 20% in compa-
rison to the less severely infected balsam plants. In both in-
vestigated cases the weight of each weighed organ decrea-
sed (Table 3). The appearance of infection by itself decrea-
sed more considerably the total biomass and the biomass of
all organs than it was found for the intensity of the infec-
tion. The weight of generative organs decreased most si-
gnificantly, even by over 50%. Under the influence of Puc-
cinia komarovii activity the allocation of balsam biomass

did not undergo considerable modifications. The reproduc-
tion effort expressed by the ratio of the weight of fruits to
the total biomass showed a downward trend (Table 4).

Non-specific defense reactions of Impatiens parviflora

In response to fungal infection in the tissues of the host
plant biochemical reactions are initiated, which lead to the
formation of metabolites and structural barriers inhibiting
the development of the pathogen. Non-specific defense re-
actions include e.g. increased peroxidase activity and the
release of reactive oxygen forms. These compounds may
be one of the first metabolites exhibiting a toxic action to-
wards pathogen cells. A very important role among reacti-
ve oxygen forms is played by hydrogen peroxide H,O,,
since — among other things — it initiates the hardening of
cell walls (e.g. through their lignification).

Colour reactions showed an increase in 3.3-diaminoben-
zidine peroxidase and H,0O, and the lignification of cell
walls in the vicinity of clusters of hyphae on leaves in bal-
sam plants growing in all the experimental plots (Fig. 7).
Additionally in each investigated case hydrogen peroxide
was accumulated in vascular bundles found closest to dise-
ase spots. This compound might be transported by the ves-
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TABLE 3. The influence of Puccinia komarovii infection on Impatiens parviflora fresh biomass and biomass allocation.

Moderately shaded sites

Healthy specimens Diseased specimens
Plant parts
Fresh Biomass allocation Number Fresh Biomass allocation Number
weight [g] [%] weight [g] [%]
Stem 1.478 48.2 41.1 0.87 41.5 343
Leaves 1.537 50.1 42.8 19.67 1.203 57.3 47.5 17.5
Flowers 0.016 0.5 0.4 10.4 0.007 0.3 0.3 6.53
Fruits 0.035 1.2 1.0 4.57 0.019 0.9 0.7 3.5
Above-ground total 3.066 100 2.099 100
Roots 0.527 14.7 0.435 17.2
Stand total 3.593 100 2.534 100
Stem: root ratio 2.8046 2.0000
Gaps in the tree stand
Mildly infected specimens Severely infected specimens
Plant parts
Fresh Biomass allocation Number Fresh Biomass allocation Number
weight [g] [%] weight [g] [%]
Stem 422 65.8 59.0 3.596 71.6 62.9
Leaves 1.993 31.1 27.9 17.8 1.297 25.8 22.7 17.7
Flowers 0.02 0.3 0.3 10.8 0.016 0.3 0.3 9.07
Fruits 0.179 2.8 2.5 8.6 0.11 2.3 2.0 6.3
Above-ground total 6.412 100 5.019 100
Roots 0.735 10.3 0.696 12.2
Stand total 7.147 100 5.715 100
Stem: root ratio 5.7415 5.1667

TABLE 4. The influence of Puccinia komarovii infection on reproduction effort of Impatiens parviflora.

Reproduction effort

Plant samples

Flowers + fruits biomass / total biomass [%]

Fruits biomass / total biomass [%]

Moderately shaded sites

— healthy specimens 1.42 0.97
— diseased specimens 1.03 0.75
Gaps in the tree stand

— mildly infected specimens 2.78 2.50
—severely infected specimens 2.20 1.92

sels to other parts of the leaf and deposited for a longer pe-
riod of time in thickened cell walls of vessels adjacent to
necrotic spots.

Investigations did not show significant differences in the
intensity of biochemical response to rust in plants which
developed under various conditions. Thus, it may be assu-
med that the environmental factor in this case has no effect
on the strength of defense mechanisms. The intensity of re-
sponse depends on the degree of infestation in plants — it is
distinctly stronger in plants with more severe disease
symptoms. In this group of plants the products of colour
reactions could cover even as much as 75% leaf blade area.

DISCUSSION AND CONCLUSIONS

Infection and development of diseases caused by rust ac-
celerates dying off of plants, which in the oak-hornbeam
forests of the Wielkopolska National Park begins at the
turn of April and May. In that period the loss is slight,
when compared to the data reported by Bacigdlowa et al.

(1998) and Elias (1995), according to which the mortality
of juvenile specimens may reach 100%. In infected speci-
mens the length of the stem and hypocotyl increases, while
the number of leaves, flowers and fruits decreases. Gold
and Caldwell (1989) stated that defoliation might cause an
increased photosynthesis rate, which is manifested by a fa-
ster growth rate in specimens subjected to defoliation. Ho-
wever, not always is such a dependency observed between
the number of leaves and the increase in photosynthesis ra-
te. According to Chester (1946), the damage and loss of le-
aves caused by the presence of a parasitic fungus lowers
the photosynthetic capacity of a plant. As a result of the in-
cidence of infection and along with its intensity, the repro-
duction effort of Impatiens parviflora decreased by approx.
23%. Studies by Harper and Ogden (1970) showed that the
reproduction effort of a population may fluctuate in natural
conditions within the 20-30% range. In relation to the abo-
ve, it must thus be stated that the presence of a parasitic
fungus lowers the total biomass, but it does not have a si-
gnificant effect on the decrease in energy expenditure on
the production of fruits and seeds.
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Fig. 7. H,0O, accumulation, 3.3 diaminobenzidine peroxidase activity and the lignification of cell walls in healthy and diseased Impatiens parviflora.

The method of Impatiens parviflora control, applied so
far, consisted in the uprooting or cutting of plants, and tur-
ned out to be quite effective; however, they had to be con-
tinued for at least 10 years (Adamowski, Keczynski 1998).
Since on the European continent Puccinia komarovii para-
sitizes solely on small-flowered balsam, Elids (2001) was
considering the feasibility of using this species as a biolo-
gical control agent in case of balsam plants. This study in-
dicates that in oak-hornbeam forest, characterized by a di-
verse mosaic-patch structure, the intensity of the disease
and the mortality of specimens growing in individual pat-
ches differ considerably. For this reason it seems that it is
impossible to eliminate balsam completely. Areas in which
plants are less infected may constitute natural gene rese-
rves for the survival and reconstruction of the population.
Long-term observations of the demography of an infected
population need to be conducted to verify this hypothesis.

Experiments connected with biological control have not
always been successful (Mierzejewska 2000), thus studies
need to be carried out to gain more insight into the relation
between both species, particularly on the biochemical level.
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