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Abstract 

The effects of the rust fungus Puccinia komarovii Tranzschel and the aphid Impatientinum asiaticum 
Nevsky 1929 on plant height, seed number per capsule, and seed mass were investigated in eight 
small balsam (Impatiens parviflora DC.) stands in Hungary and one in Poland. Two stands were 
infected by rust, five by aphids, and two were healthy. The lowest average plant height was 37.5 cm, 
the highest 94.7 cm, both measured in aphid-infested stands. Examining the stands separately, no 
relationship appeared with the type of damage. For data pooled across stands, differences were 
significant: rust-infected plants were the tallest, healthy shoots were the shortest, while aphid-
infected plants fell in between. Mean seed number per capsule was the lowest (1.53) in the pest-free 
Nagybörzsöny stand, and the highest (2.33) in the aphid-infested Bielsko-Biała stand. In pairwise 
comparison of stands, average seed number did not differ in most cases. Significant positive 
correlation was found between average plant height and average seed number per capsule. Seeds 
were the heaviest in the healthy stand, whereas they were lighter in rust-infected and aphid-damaged 
stands. The pests tested had no detrimental effect on Impatiens parviflora, but both pest types 
somewhat reduced the seed mass. The applicability of the studied pests as biological control agents 
against host plant invasion is also discussed. 

Keywords: Impatientinum asiaticum; invasive neophyte; Puccinia komarovii; shoot height; seed mass; 
seed number; small balsam 
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1. Introduction 

The distribution area of some alien species that have previously introduced to the Hungarian 
flora is still showing continuous expansion today. [1–4]. In the case of such increasingly invasive 
species – which include the small balsam (Impatiens parviflora DC.) – it is particularly important to 
gain detailed knowledge about their life history and ecological relationships, as this may be useful in 
controlling these species. 

I. parviflora is native to Central Asia, and its first subspontaneous occurrence in Europe was 
recorded in 1831 near the Geneva Botanical Garden [5]. Subsequently, in the initial stages of its 
invasion, it was observed primarily as a garden escapee in various cities [6]. It now occurs in almost 
all European countries [7–12] and has also been introduced to North America [13]. Its distribution 
mainly occurs in the understory of closed forests [8], and its detection therefore requires intensive 
field work. Remote sensing methods, which have been successfully used in the monitoring of other 
invasive species [14–16], are practically not applicable to I. parviflora. 

The success of invasive plant species in new geographic regions is often attributed to the absence 
of natural enemies that keep these species under control in their original habitats [17,18]. Small 
balsam is now quite common along the riverbanks and in the humid or mesophytic forests of 
Hungary, and its appearance in these places is usually abundant [19,20] (Figures 1 and 2). 

 

Figure 1. Dense stand of Impatiens parviflora at a riverine woodland in Hungary (photo by P. Csontos). 

The natural pests of I. parviflora, the rust fungus Puccinia komarovii Tranzschel and the aphid 
Impatientinum asiaticum Nevsky 1929, have also become known from its Hungarian populations [21]. 
Host-specific pests of invasive species are often used in biological control [22], although these 
interventions are not always successful [23]. However, a variety of the aforementioned rust fungus 
species (Puccinia komarovii var. glandulifera) is already being used in biological control of Impatiens 
glandulifera Royle in Great Britain [24,25]. 

In this paper, we seek to answer the question of whether host-specific pests, namely infection by 
Puccinia komarovii and damage by the aphid species Impatientinum asiaticum, cause a decrease in 
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vitality or a decline in the development and reproductive success of the host plants in Impatiens 
parviflora stands? 

 

 
Figure 2. Zygomorphic flower (upper picture) and one-seeded capsules (lower picture) of Impatiens parviflora 
(photos by P. Csontos). 

2. Results 

The tallest plant height, averaging 94.7 cm, was found in the stand surveyed near Bielsko-Biała 
(Poland), while the individuals of the stand at Kis-Sváb-hegy (Budapest, Hungary) grew to the 
lowest, where an average height of 35.7 cm was measured. Interestingly, both extreme average values 
were found among the stands damaged by aphids (Figure 3), and similarly, the smallest and largest 
specimens measured among all examined individuals were also found in this group (25 cm and 126 
cm, respectively). The stands infected with rust fungus were slightly higher than the healthy stands, 
but a significant difference was found only in one of the stands. Overall, it can be said that the stands 
with three different health status (rust or aphid infected and pest-free), if all nine are examined 
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independently, did not form clear groups based on the height of their individuals. However, there 
was a tendency that the stands with rust fungus infection were somewhat taller than the healthy 
stands. 

 
Figure 3. The average height of individuals of Impatiens parviflora in pest-exposed and healthy populations. R1–
2: infected by rust fungus Puccinia komarovii, L1–5: damaged by aphid Impatientinum asiaticum, H1–2: healthy 
stands. See materials and methods section for more information about stands R1–H2. 

When data from stands with the same health status were combined, all three types were 
significantly different in terms of average plant height of I. parviflora (Table 1). The rust-infected 
specimens grew the tallest, followed by the aphid-infected ones, while the healthy plants were the 
shortest. 

Table 1. Statistical comparison of plant height data of healthy, rust-infected and aphid-damaged Impatiens 
parviflora stands. Results of the Kruskal-Wallis test (a) and Dunn’s test (b). 

(a) Kruskal-Wallis test 
Health 
category 

Number of 
individuals 

Median of plant height 
(cm) 

Sum of ranks Mean of ranks 

Rust infected 40 72,5 4617.0 115.43 
Aphid-
damaged 

100 65,0 9208.0 92.080 

Healthy 40 49,5 2465.0 61.625 
(b) Dunn’s test 
Group 1 Group 2 Difference in rank 

means 
P value Conventional 

notation 
Rust infected Aphid-damaged 23.345 P<0.05 * 
Rust infected Healthy 53.800 P<0.001 *** 
Aphid-
damaged 

Healthy 30.455 P<0.01 ** 

When we examined the number of seeds per capsules, we did not find any five-seeded capsules 
– which would have been the maximum possible [26], and in some stands no four-seeded capsules 
were found either. Overall, however, capsules with one to four seeds were present in all three stand 
types (Figure 4). The greatest variability in seed number per capsule (similarly to the case of body 
height) was observed in aphid-damaged populations. 
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Figure 4. Number of capsules according to their seed content in nine stands of Impatiens parviflora. See Figure 3 
for explanations of stand labels, and Materials and Methods section for further information about stands. 

The results of the statistical analysis performed on the seed number per capsules data are 
summarized in Table 3. The lowest average seed number was found in the pest-free Nagybörzsöny 
(H2) stand (1.53 seeds/capsule), and the highest was observed in the aphid-infested (L5) stand in 
Bielsko-Biała (2.33 seeds/capsule). The number of seeds per capsule of the L5 stand was significantly 
higher than that of all other stands except the L2 stand. (It should be noted that the height of the 
individuals was also the tallest in the L5 stand.) Furthermore, the aphid-damaged stand at Normafa 
(L2) showed significant differences compared to the three populations with very low average number 
of seeds per capsules – which were the stands surveyed near Nagybörzsöny (H2; 1.53 seeds/capsule), 
Budakeszi (L4; 1.55 seeds/capsule) and Vámosszabadi (H1; 1.58 seeds/capsule) (Table 3). In the other 
possible pairings of the stands, their number of seeds per capsule data did not differ significantly. 

Table 2. Results of pairwise comparisons of nine Impatiens parviflora stands based on the number of seeds per 
capsule data examined in 60 capsules per stand. The statistical evaluation was based on the Kruskal-Wallis test 
followed by Dunnʹs test. (See Table 1 for more information about stands R1–H2; ns= not significant. 

Stand pairs compared Rank-mean difference Level of significance P-value 
R1 vs. R2 -19,800 ns P>0,05 
R1 vs. L1 17,675 ns P>0,05 
R1 vs. L2 -57,108 ns P>0,05 
R1 vs. L3 13,592 ns P>0,05 
R1 vs. L4 31,475 ns P>0,05 
R1 vs. L5 -109,630 *** P<0,001 
R1 vs. H1 33,183 ns P>0,05 
R1 vs. H2 34,058 ns P>0,05 
R2 vs. L1 37,475 ns P>0,05 
R2 vs. L2 -37,308 ns P>0,05 
R2 vs. L3 33,392 ns P>0,05 
R2 vs. L4 51,275 ns P>0,05 
R2 vs. L5 -89,825 * P<0,05 
R2 vs. H1 52,983 ns P>0,05 
R2 vs. H2 53,858 ns P>0,05 
L1 vs. L2 -74,783 ns P>0,05 
L1 vs. L3 -4,083 ns P>0,05 
L1 vs. L4 13,800 ns P>0,05 
L1 vs. L5 -127,300 *** P<0,001 
L1 vs. H1 15,508 ns P>0,05 
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L1 vs. H2 16,383 ns P>0,05 
L2 vs. L3 70,700 ns P>0,05 
L2 vs. L4 88,583 * P<0,05 
L2 vs. L5 -52,517 ns P>0,05 
L2 vs. H1 90,292 * P<0,05 
L2 vs. H2 91,167 * P<0,05 
L3 vs. L4 17,883 ns P>0,05 
L3 vs. L5 -123,220 *** P<0,001 
L3 vs. H1 19,592 ns P>0,05 
L3 vs. H2 20,467 ns P>0,05 
L4 vs. L5 -141,100 *** P<0,001 
L4 vs. H1 1,708 ns P>0,05 
L4 vs. H2 2,583 ns P>0,05 
L5 vs. H1 142,810 *** P<0,001 
L5 vs. H2 143,680 *** P<0,001 
H1 vs. H2 0,875 ns P>0,05 

The relationship between the average heights of the stands and the average number of seeds per 
capsule of the stands is shown in Figure 7. The correlation coefficient (r) of the line fitted by linear 
regression was 0.7485, and the slope of the line deviated significantly from zero (P= 0.0203). 

 

Figure 5. Linear regression between average plant height (cm) and average seed number per capsule (with 95% 
confidence interval indicated) based on nine stands of Impatiens parviflora (r = 0,7485). 

The results of the statistical comparison of the seed mass data among stands using the Kruskal-
Wallis test and the subsequent Dunn’s test are shown in Figure 8. The healthy stand (H1) was 
characterized by the heaviest seed mass, and it differed significantly from seed masses of all pest-
exposed stands. Seed masses of the two rust infected stands fell into the same statistical group, 
however within aphid damaged stands wider variability of seed mass was detected. 
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Figure 6. Box and whisker plots of seed masses of Impatiens parviflora in healthy (H1) and pest-exposed (R1–2: 

infected by rust fungus Puccinia komarovii, L1–5: damaged by aphid Impatientinum asiaticum) stands. Different 
letters above the boxes indicate significant differences among stands. 

3. Discussion 

The height of adult individuals of I. parviflora is given by Coombe [26] as 20 cm to 150 cm, by 
Chmura [27] as 4 cm to 152 cm, and by Csiszár and Bartha [20] as 10 cm to 150 cm. The individual 
height data observed in the present study are consistent with these data. There is also literature 
reporting that the average height of individuals of I. parviflora populations in different habitats can 
differ significantly [6,28,29]. Based on these, it can be reasonably assumed that the site effects in the 
stands we examined were stronger than the differences that could have been caused by the presence 
of pests. However, when samples of stands belonging to the same category were treated together, the 
differences that had previously remained hidden, became detectable due to the increased sample 
size. 

The greatest individual height observed in rust-infected stands may be related to the fact that P. 
komarovii infection can cause shoot and hypocotyl elongation, as has been previously shown for I. 
parviflora individuals [30,31] and regarding the hypocotyl stem only, for a related species, I. 
glandulifera, too [32]. One explanation for the development of this phenomenon is that the effect of 
rust fungus on shoot elongation may result in a better dispersal of the spores of such fungi. This is 
because the spores of the fungus can be carried by the wind from the higher leaves of elongated host 
plants, where they develop, more easily and over greater distances, so that rust variants with this 
trait can spread more widely. This selection may ultimately have led to the increasingly frequent 
presence and then fixation of the trait responsible for shoot elongation in rust fungi. 

However, severe rust infection caused stunting and death of individuals of stands in Slovakia 
[30,33]. All this may be related to the higher humidity of the habitats in Slovakia, which may have 
had a positive effect on the prevalence of rust fungus infection there, while in the slightly drier 
conditions of Hungary, rust fungus infection remained more limited. 

As for the higher average height of aphid-damaged stands than healthy ones, it is supposed that 
specimens from stands living in more humid habitats generally grew taller and under such conditions 
their leaves also have a softer tissue structure than those of specimens growing in drier conditions. 
Consequently, this plant trait attracts aphids to such I. parviflora stands, because they can feed more 
easily on the softer leaves. 
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The average values of the number of seeds per capsule varied between 1.53 and 2.33 in the 
studied stands. In two stands (L1 and H1) single-seeded capsules and in six other stands (R1, R2, L2, 
L3, L5 and H2) two-seeded capsules were the most frequent, while in stand L4, single- and double-
seeded capsules were equally common. This is a slightly higher fecundity than that observed in I. 
parviflora populations in five Polish forests, where in all cases single-seeded capsules dominated [6]. 
We did not examine the total seed yield per individual, because determining it would have required 
an extraordinary amount of field work due to the speciesʹ prolonged seed dispersal and the 
dynamochor capsule type. Based on literature data, in good habitats, in the case of 4-5-seeded 
capsules, the seed yield can reach 10,000 seeds per individual [26], however, in the stands we 
examined, the seed yield was certainly significantly lower than this. None of the rust-infected stands 
showed significant differences from healthy stands in terms of seed number per capsule. Of the five 
aphid-infested stands, one (L5) showed a higher average seed count compared to both rust-infected 
and healthy stands, in another case (L2) we measured a higher seed count only compared to healthy 
stands, but the other three aphid-infested stands did not show significant differences. Therefore, it 
cannot be stated that the number of seeds per capsule in aphid-infested stands is consistently higher 
than in other stands. Furthermore, the multiple significant differences detected between individual 
stands within the group of aphid-infested stands in terms of seed number per capsules may actually 
indicate that the presence of aphids does not necessarily have a significant effect on this plant trait. 

Based on our studies, it seems that the number of seeds per capsule may be primarily affected 
by the characteristics of the habitat. Trepl [34] also refers to the effect of habitat when he discusses 
that the seed yield per individual ranges from a few single-seeded capsules to 2000 seeds per 
individual. In our case, the existence of a site effect is also suggested by the correlation shown by 
linear regression, in which taller plants were associated with a higher seed number, since taller plant 
size is generally an indicator of a more favorable habitat. However, the picture is complicated by the 
fact that rust infection can also cause taller growth, and the quality of the habitat (e.g. its humidity) 
may also play a role in the development and spread of the infection. Nevertheless, to establish more 
precise relationships, i.e. to gain a detailed understanding of the relationships between growing site, 
fungal infection, plant height and seed number, further studies are necessary, involving more I. 
parviflora stands and supplemented by instrumental measurements of habitat variables. 

Regarding seed mass, our results show that both rust and aphids significantly reduced the 
average seed mass, and thus the largest seeds were found in the healthy stand. This means that pest-
affected I. parviflora plants are generally less able to provide their seedlings with reserve nutrients, 
which ultimately results in a reduced chance of survival. The average seed mass of the five examined 
stands damaged by aphids was not the same within the group, as in three stands we measured a 
significantly lower seed mass was found compared to the other two stands. This suggests that the 
seed quality of the stands can be influenced not only by the presence of pests, but also by the 
characteristics of the growing site. 

As for the applicability of the pests examined in plant protection, the rust fungus in principle 
could be a promising candidate due to its high host specificity. In this regard, its negative impact on 
the seed mass of the host plant deserves attention. Beside to small balsam, P. komarovii has so far only 
been detected on the Himalayan balsam (I. glandulifera), but the latter balsam species is affected by a 
separate variant, P. komarovii var. glanduliferae, described in 2015 [24]. The aphid, Impatientinum 
asiaticum did not show as close host specificity as rust fungus. It attacks I. parviflora and I. glandulifera 
in Hungary [21,35], but it was reported in addition to the above, even on I. noli-tangere [38]. However, 
we consider the use of aphids to be possible in the future, given that they can act as vector organisms 
and be able to introduce other pathogens, especially plant viruses, into the host plant [39]. Finally, 
we mention that I. parviflora has several other pests besides rust fungus and aphids [35,38], although, 
the usefulness of these pests in biological control against the invasive host plant has not yet been 
clearly demonstrated.  
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4. Materials and Methods 

To investigate the impact of pests, we surveyed nine I. parviflora stands. Eight stands were 
located in Hungary and one in southern Poland (Table 3). Two of the surveyed stands were damaged 
by the rust fungus P. komarovii and five by the aphid I. asiaticum. We did not find a stand where both 
pests occurred simultaneously. 

The rust fungus was widespread in the infected stands and was usually observed on the majority 
of the leaves of individual host plants (Figure 7). In the stands attacked by aphids, the pests also 
occurred in large numbers, practically on all host plant specimens, with usually 30–60 individuals 
damaging each plant. Two additional stands were free from pests (Figure 8). 

 

Figure 7. Small balsam specimens infected by Puccinia komarovii under old beech stand at Normafa, Buda Mts., 
Hungary (photo by P. Csontos). 

In the inner area of each stand free from edge effects, 20-20 individuals were randomly selected, 
which were removed from the soil, and their shoot height above the ground was measured with 
centimetre accuracy. Subsequently, 60-60 mature capsules were selected from additional specimens 
from the inner area of each stand and the number of mature seeds in them was determined, the 
maximum value of which, typical for the species, can be 5 seeds per capsule [26]. The seeds found in 
the capsules were collected for seed weight measurement. The number of seeds from 60 capsules per 
population varied between 93 and 140. Since some seeds were found to be damaged or diseased, the 
weight of 70-70 completely healthy seeds per population were measured on a digital analytical 
balance (Sartorius R180D) with a readability of 0.01 mg. 

Table 3. Site characteristics of the sampled Impatiens parviflora stands. (R = infected by rust fungus Puccinia 
komarovii, L = damaged by aphid Impatientinum asiaticum, H = healthy stand. 

Code Geographical location; vegetation 
type 

GPS 
coordinates 

Altitude above
sea level 

Health 
status 

Date of 
sampling 
(yyyy.mm.dd) 

R1 
Normafa, Budai Mts.; 
old beech stand 

47° 29ʹ 57.7ʹʹN 
18° 58ʹ 10.1"E 

460 m R 2013.07.20. 

R2 Hárs Mt..Budai Mts.; oak stand 
47° 31ʹ44"N 
18° 57ʹ22.6"E 

390 m R 2013.07.23. 

L1 
Denevér street, Budapest; ash grove 
at valley bottom 

47° 29ʹ 35.8ʹʹN 
18° 59ʹ 34.9"E 

327 m L 2013.07.26. 
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L2 
Normafa, Budai Mts.; gap in a 
mixed stand of beech and sessile 
oak 

47° 30ʹ 8.4ʹʹN 
18° 57ʹ 54.6"E 

490 m L 2013.07.29. 

L3 
Kis-Sváb Hill, Budai Mts.; mixed
forest of lime and ash on slopes 

47° 30ʹ 17.5ʹʹN 
19° 00ʹ 40.9"E 

197 m L 2013.07.26. 

L4 
near Budakeszi, Budai Mts.; sessile 
oak- hornbeam stand 

47° 30ʹ 25.4ʹʹN 
18° 56ʹ 38.4"E 

320 m L 2013.07.27. 

L5 
near Bielsko-Biała, Poland; mixed
deciduous forest 

49° 47ʹ 43ʹʹN 
19° 06ʹ 48.8"E 

450 m L 2013.09.09. 

H1 
Vidra farm, Vámosszabadi; riverine
willow-poplar woodlands 

47° 47ʹ 5.4ʹʹN 
17° 37ʹ 22.6"E 

115 m H 2013.08.26. 

H2 
Nagybörzsöny, Börzsöny Mts.;
sessile oak-hornbeam forest 

47° 55ʹ 42.6ʹʹN 
18° 50ʹ 36.3"E 

270 m H 2016.07.21. 

 

Figure 8. Healthy specimens of small balsam collected in a sessile oak-hornbeam forest at Nagybörzsöny, 
Börzsöny Mts., Hungary (photo by P. Csontos). 

The height data of the individuals were analyzed in two ways: (i) first, the nine stands were 
considered separately and compared with each other, (ii) then the individuals of the same type of 
stands were combined, and the resulting three groups (i.e. rust-infected, aphid-infected and healthy) 
were analyzed using statistical methods. The Gaussian distribution was not met in any case for all 
groups to be compared based on the Kolmogorov-Smirnov test, therefore the non-parametric 
Kruskal-Wallis test was used to evaluate the data. The post-hoc test was the Bonferroni procedure in 
the first case and the Dunn’s test in the second. 

The graphical interpretation of the seed number per capsule data of the stands is presented in 
three groups (1-seeded, 2-seeded, and 3 or more seeded), however, for the statistical comparison of 
the individual stands, the basic data were used, which were analyzed with the Kruskal-Wallis test 
and the subsequent Dunn’s test. The relationship between plant height and seed number per capsule 
was examined using linear regression, and linearity was checked using the Wald-Wolfowitz Runs 
test. 

In the case of the seed mass data analysis, we could only consider data from eight stands, as seed 
mass measurement data were not available for the H2 stand. The comparison of the stands was again 
carried out using the previously applied Kruskal-Wallis test and the subsequent Dunn’s test. 

Significant differences were accepted in all cases at p<0.05. The InStat [36] and PAST [37] 
software packages were used to perform the calculations. 
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5. Conclusions 

The impact of pests on the studied plant traits was not uniform. Rust infection increased the 
height of the host plant. The individuals of the aphid-damaged stands were also taller than those of 
the healthy stands, although to a lesser extent. In the latter case, the large differences among the 
studied stands indicate that the effect of the growing location also played an important role. Neither 
of the two pests tested had a clearly detectable effect on the number of seeds per capsule, but instead 
a positive correlation was found between the height of the individuals and the number of seeds per 
capsule. As for the seed weight, both pests significantly reduced the average seed mass in the affected 
stands, which may be important for biological control against the host plant known as an invasive 
species. Especially the rust fungus, P. komarovii can be considered promising to use in biological plant 
protection because this fungus shows very high host specificity. In this regard, its reducing effect on 
the seed mass of the host plant can be important. 

Author Contributions: Conceptualization, P.C. and D.C.; methodology, P.C., T.K. and J.T.; field work, P.C., D.C., 
A.H. and J.T.; data curation, P.C., Z.A., O.P. and Z.K.; statistical analysis, P.C., T.K. and J.T.; writing—original 
draft preparation, P.C., T.K. and J.T.; writing—review and editing, P.C., K.P. and T.K.; visualization, P.C., Z.K., 
T.K. and J.T.; supervision, P.C., K.P. and T.K.; funding acquisition, P.C. and K.P. All authors have read and 
agreed to the published version of the manuscript 

Funding: This study was supported by OTKA K-147342. Field work of this research was also supported by the 
bilateral research exchange agreement between Polish Academy of Sciences and Hungarian Academy of 
Sciences. 

Data Availability Statement: The raw data supporting the conclusions of this article will be made available by 
the authors on request. 

Acknowledgments: The authors are grateful to the reviewers of the manuscript for their helpful comments and 
suggestions for improvement, and to Géza Ripka for discussing issues related to aphids. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Bende, A.; Bartha, D.; László, R. A fehér akác (Robinia pseudoacacia L.) és a mirigyes bálványfa (Ailanthus 
altissima (Mill.) Swingle) térhódítása a lébényi Tölgy-erdőben. Tájökológiai Lapok - Journal of Landscape 
Ecology 2024, 22(2), 3–19. DOI: https://doi.org/10.56617/tl.5918 

2. Vig T.; Erdélyi A.; Malatinszky Á. The distribution of the tree of heaven (Ailanthus altissima (Mill.) Swingle) 
in the settlements and forests of Southern Börzsöny, Hungary. Botanikai Közlemények 2023, 110, 167–190. 
DOI: https://doi.org/10.17716/BotKozlem.2023.110.2.167 

3. Knolmajer, B.; Jócsák, I.; Taller, J.; Keszthelyi, S.; Kazinczi, G. Common ragweed —Ambrosia artemisiifolia 
L.: A review with special regards to the latest results in biology and ecology. Agronomy 2024, 14(3), 
497; https://doi.org/10.3390/agronomy14030497 

4. Schmidt, D.; Mesterházy, A.; Molnár, Cs.; Süveges, K.; Wolf, M.; Csathó, A.I.; Bauer, N. A Bidens connata 
Muhl. ex Willd. Magyarországon és kiegészítések idegenhonos fajok hazai elterjedéséhez. Botanikai 
Közlemények 2024, 111, 161–210. DOI: https://doi.org/10.17716/BotKozlem.2024.111.2.161 

5. Tanner, R. Impatiens parviflora (small balsam). CABI Compendium, 28768, 2008, 
https://doi.org/10.1079/cabicompendium.28768 

6. Chmura, D. Biology and ecology of an invasion of Impatiens parviflora DC in natural and semi-natural habitats. 
Akademia Techniczno-Humanistyczna w Bielsku-Białej, Bielsko-Biała, Poland, 2014, 216 pp. 

7. Priszter, Sz. Megjegyzések adventív növényeinkhez. 10. Impatiens-fajok Magyarországon és az I. balfourii 
Hook. f. meghonosodása. Botanikai Közlemények 1965, 52(3), 147–151. 

8. Csontos, P. Phytosociological description of a hilly country stand of Impatiens parviflora DC. Studia botanica 
hungarica 1986, 19, 115–118. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2489.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2489.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 13 

 

9. Chmura, D.; Urbisz, A. Distribution and degree of naturalization of Impatiens parviflora DC in the southern 
part of the Silesian-Krakow Upland (Poland). Thaiszia – Journal of Botany 2005, 15(suppl. 1), 101–113. 
https://www.upjs.sk/app/uploads/sites/15/2022/10/Thaiszia2005Suppl1-101-113.pdf 

10. Stešević, D.; Drescher, A. Additions to the vascular flora of Montenegro (new taxa and new records). Natura 
Montenegrina 2011, 10(1), 7–16. 

11. Maslo, S.; Šarić, Š. Small Balsam, Impatiens parviflora (Balsaminaceae): A new alien species to the flora of 
Bosnia and Herzegovina. Phytologia Balcanica 2019, 25(1), 69–73. 

12. Dubovik, D.V.; Sauchuk, S.S.; Zavialova, L.V. The current status of the plant invasions in Belarus. 
Environmental & Socio-economic Studies 2021, 9(4), 14–22. DOI: https://doi.org/10.2478/environ-2021-0021 

13. Hultén, E.; Fries, M. Atlas of North European vascular plants: North of the Tropic of Cancer I-III. Koeltz 
Scientific Books, Königstein, Germany, 1986, 1172 pp. 

14. Bakacsy, L.; Szatmári, J.; Biró, Cs.; Tobak, Z.; van Leeuwen, B.; Szilassi, P. Selyemkóró (Asclepias syriaca L.) 
UAV felvételekkel történő azonosítása és monitorozásának lehetősége. [Possibilities of UAV based 
identification and monitoring of Common Milkweed (Asclepias syriaca L.)] Tájökológiai Lapok - Journal of 
Landscape Ecology 2023, 21(2), 6–28. DOI: https://doi.org/10.56617/tl.4948 

15. Bakacsy, L.; Tobak, Z.; van Leeuwen, B.; Szilassi, P.; Biró, Cs.; Szatmári, J. Drone-based identification and 
monitoring     two invasive alien plant species in open sand grasslands by six RGB vegetation indices. 
Drones 2023, 7(3), 207. DOI: https://doi.org/10.3390/drones7030207 

16. Thürkow, F.; Lorenz, C.G.; Pause, M.; Birger, J. Advanced detection of invasive neophytes in agricultural 
landscapes: A multisensory and multiscale remote sensing approach. Remote Sensing 2024, 16, 500. DOI: 
https://doi.org/10.3390/rs16030500 

17. Tamás, J. Az invazív fajok terjedésének törvényszerűségei egy magyarországi esettenulmány kapcsán – a 
betyárkóró. Botanikai Közlemények 2000, 86-87, 169–181. 

18. Meijer, K.; Schilthuizen, M.; Beukeboom, L.; Smit, C. A review and meta-analysis of the enemy release 
hypothesis in plant–herbivorous insect systems.  PeerJ 2016, 4, e2778; DOI 10.7717/peerj.2778 

19. Csontos, P. Dispersal and establishment of Impatiens parviflora, an introduced plant, in a hardwood forest. 
Abstracta Botanica 1986, 10, 341–348. 

20. Csiszár, Á.; Bartha, D. Kisvirágú nebáncsvirág (Impatiens parviflora DC.). In Inváziós növényfajok 
Magyarországon; Csiszár Á., Ed.; University of West Hungary Publisher, Sopron, Hungary, 2012; pp. 165–
169. 

21. Ripka, G.; Csiszár, Á. Impatientinum asiaticum Nevsky, 1929 (Hemiptera: Aphidoidea) new for the 
Hungarian fauna from Impatiens parviflora. Folia Entomologica Hungarica 2008, 69, 15–18. 

22. Clewley, G.D.; Eschen, R.; Shaw, R.H.; Wrigh, D.J. The effectiveness of classical biological control of 
invasive plants. Journal of Applied Ecology 2012, 49, 1287–1295. DOI: https://doi.org/10.1111/j.1365-
2664.2012.02209.x 

23. Thomas, M.B.; Reid, A.M. Are exotic natural enemies an effective way of controlling invasive plants? Trends 
in Ecology and Evolution 2007, 22, 447–453. DOI: https://doi.org/10.1016/j.tree.2007.03.003 

24. Tanner, R.A.; Ellison, C.A.; Seier, M.K.; Kovács, G.M.; Kassai-Jáger, E.; Berecky, Z.; Varia, S.; Djeddour, D.; 
Singh, M.C.; Csiszár, Á.; Csontos, P.; Kiss, L.; Evans, H.C. Puccinia komarovii var. glanduliferae var. nov.: a 
fungal agent for the biological control of Himalayan balsam (Impatiens glandulifera). European Journal of Plant 
Pathology 2015, 141, 247–266. DOI: https://doi.org/10.1007/s10658-014-0539-x   

25. Ellison, C.A.; Pollard, K.M.; Varia, S. Potential of a coevolved rust fungus for the management of 
Himalayan balsam in the British Isles: first field releases. Weed Research 2020, 60, 37–49. DOI: 
https://doi.org/10.1111/wre.12403 

26. Coombe, D.E. Biological flora of the British Isles, Impatiens parviflora DC. Journal of Ecology 1956, 44, 701–
713. DOI: https://doi.org/10.2307/2256857 

27. [27] Chmura, D. Size variability in Impatiens parviflora DC. in natural and anthropogenic habitats (S Poland). 
Thaiszia Journal of Botany 2008, 18(Suppl. 1, 35–42. DOI: 
https://www.researchgate.net/publication/288324703 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2489.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2489.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 13 

 

28. Bobuľská, L.; Macková, D.; Malina, R.; Demková, L. Occurrence and dynamics of Impatiens parviflora 
depending on various environmental conditions in the protected areas in Slovakia. European Journal of 
Ecology 2016, 2, 87–98. DOI: https://doi.org/10.1515/eje-2016-0010 

29. Barabasz-Krasny, B.; Możdżeń, K.; Sołtys-Lelek, A.; Stachurska-Swakoń, A. Biological traits of Impatiens 
parviflora DC. under different habitat conditions. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 2018, 46(1), 
277–285. DOI: https://doi.org/10.15835/nbha46110970 

30. Eliáš, P. Stem fungi disease (Puccinia komarowii) on Impatiens parviflora in Slovakia: effects on population 
dynamics and its role in regulation of plant populations. Carinthia II. 1995, 53, 14–16. 

31. Piskorz, R.; Klimko, M. The effect of Puccinia komarovii Tranzsch. infection on characters of Impatiens 
parviflora Dc. in Galio Sylvatici-Carpinetum [R. Tx. 1937] Oberd. 1957 forest association. Acta Societatis 
Botanicorum Poloniae 2006, 75, 51–59. 

32. Varia, S.; Pollard, K.; Ellison, C. Implementing a novel weed management approach for Himalayan balsam: 
Progress on biological control in the UK. Outlooks on Pest Management 2016, 27(5), 198–203. DOI: 
https://doi.org/10.1564/v27_oct_02 

33. Bacigálová, K.; Eliáš, P.; Šrobárová, A. Puccinia komarovii – a rust fungus on Impatiens parviflora in Slovakia. 
Biologia Bratislava 1998, 53, 7–13. 

34. Trepl, L. Über Impatiens parviflora DC. als Agriophyt in Mitteleuropa. Dissertationes Botanicae 1984, 73, 1−400. 
35. Csiszár, Á. A kisvirágú nebáncsvirág (Impatiens parviflora DC.) és a keresztlapu (Erechtites hieracifolia Raf. 

ex DC.) terjedési stratégiáinak vizsgálata. Ph.D. Thesis, University of West Hungary, Sopron, Hungary. 
2004. 

36. InStat. GraphPad InStat, Version 3.06, for Windows. GraphPad Software, Inc., San Diego, USA, 2003. 
37. Hammer, Ø.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological statistics software package for education 

and data analysis. Palaeontologia Electronica 2001, 4(1), 9 pp. 
38. Najberek, K.; Solarz, W., Chmura, D. Do local enemies attack alien and native Impatiens alike? Acta Societatis 

Botanicorum Poloniae 2017, 86(4), 3562. DOI: 10.5586/asbp.3562 
39. Harris K.F.; Maramorosch, K.; Eds.; Aphids as virus vectors. Academic Press, New York, 1977. ISBN 0-12-

327550-4 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2489.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2489.v1
http://creativecommons.org/licenses/by/4.0/

