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The knowledge of how invasive species spread in a new environ-
ment might be important for their management control. More-
over, biochemical interaction underlies the novel weapon hypoth-
esis thus presenting one of numerous explanations for species
invasiveness. This study aimed to determine the total phenolics
content in various parts of I. glandulifera and evaluate their phyto-
toxicity on the germination of monocot and dicot species. Phyto-
toxicity and allelopathic activity of worldwide invasive Impatiens
species (Balsaminaceae) I. glandulifera (originated in the Himala-
yas) on wheat and rapeseed germination and seedling growth was
assessed ex situ at Aleksandras Stulginskis University in 2016.
The phenolic content ranged between 0.615 and 7.566 mg g™ in
Impatiens extracts, however, it significantly inhibited germination
and seedling growth of the recipient species. Seed germination
and seedling emergence are the outcomes of a sequence of bio-
logical events initiated by water imbibition followed by enzymatic
metabolism of storage nutrients. The recorded germination rate
was different for each recipient species. Inhibition of Impatiens
extracts was recorded stronger for rapeseed germination (11.5—
81%) than that for wheat germination (71-86.5%), possibly due
to different seed coat anatomy and thus its permeability. There-
fore the strongest inhibition (86.5%) was recorded for rapeseed
germination (11.5%) in 0.2% fruit + seed extract of I. glandulifera.
Mean length of wheat hypocotyl (14.2 mm) and radicle (4.4 mm)
exhibited a weaker response to the extract of I. glandulifera than
rapeseed (4.4 mm and 1.4 mm, respectively). Consequently, re-
cruitment and regeneration of native species might be negatively
affected by the invasive Impatiens species in invaded habitats.

Keywords: allelopathy, germination, phenolics, seedling, Impa-
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INTRODUCTION

with the traits of different species and environ-
ment conditions. Between invasion explanations,

The spread and recruitment of alien species in new  the “natural enemies hypothesis” is the primary hy-
territories over native range might be associated  pothesis constructed on the absence of the natural

enemies that control population growth of many
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importance in native communities (Keane,
Crawley, 2002). Furthermore, many of the
worldwide and ecologically devastating invad-
ers are not as successful in their native ranges.
Nonetheless, currently it is considered that
the emergence of biochemical compounds of
the invader has harmful effects on the species
of the recipient plant community, i.e., allelopa-
thy is observed (Inderjit et al., 2006). This non-
resource mechanism would be considered a po-
tential mechanism for explaining the significant
success of some invasive species. Nevertheless,
neither is allelopathy a unifying theory for plant
interactions, nor do we espouse the view that al-
lelopathy is the dominant way of plant interac-
tion; we argue that a non-resource mechanism
should be returned to the discussion table as
a potential one for explaining the remarkable
success of some invasive species (Iason et al.,
2012). Although biochemical interactions in
ecosystems were reported long ago, Fraenkel
(1959) emphasised the ecological significance of
secondary metabolites (Iason et al., 2012). Cur-
rently, the chemomediator role of secondary me-
tabolites has been reported as multifunctional
regulation of the structure and functions of both
plants and ecosystems (Inderjit et al., 2006; Miil-
ler-Scharer et al.,, 2004). Numerous studies on
the impact of invasive species on the neighbour-
ing plant species suggest that invasion reduces
the richness of plant species (Callaway, Riden-
our, 2004). Currently, most research is directed
at finding why alien invasive plant species are
more successful than native plants. The success
of invasive species lies in the production and re-
lease of allelopathic compounds by the invader
that are harmful to plant neighbours in the in-
troduced range. Phenolic compounds constitute
a large group of secondary metabolites in plants
and thus may play an important role in plant
communities (Li et al., 2010). Phenolic acids are
characterised by specific strong antioxidant ac-
tivity. They are able to protect cell membranes,
structural proteins, enzymes, membrane lipids,
or nucleic acids from the oxidative damage. Sig-
nificant content of phenolic acids accumulate in
leaves, flowers, and roots of different Impatiens
spp. (Szewczyk, Olech, 2017).

This study aimed at determining (1) the bio-
chemical characteristics of Impatiens glandulifera
which facilitate its invasion success, (2) the total
phenolic content in various parts of plants, their
biological activity and variability in phytotox-
icity, and (3) their effect on the germination of
monocot and dicot recipient species.

MATERIALS AND METHODS

A plant data set was pre-selected for screening in
the central part of Lithuania, near the intensive
traffic highway Via Baltica, an invasion corridor.
The plant data set comprised Impatiens glandu-
lifera (1. glandulifera) as an invasive species in
the EPPO list (2006), also present in Lithuania.
This species was collected for the assessment
along the banks of the Nemunas and the Marvelé
rivers (54°54’12.2”N 23°51°29.5”E). The species
is included in the Lithuanian National List of In-
vasive Species (Lietuvos invaziniy risiy sgrasas,
2016). Allelopathic activity of two invasive Impa-
tiens species (Balsaminaceae), namely, I. glandu-
lifera (originated in the Himalayas), was assessed
ex situ in 2016. I. glandulifera was intentionally
introduced as ornamental plant in the late 19th
century and became highly invasive in Central
and Western Europe due to high germination,
seedling emergence, and seedling frost resist-
ance (Skalova et al., 2012). The spread of I. glan-
dulifera can be attributed to autochory and ac-
cidental zoochory or anthropochory (Malikova
Prach, 2010).

The germination was recorded under seed
germination >50% (G, in distilled water (con-
trol). Thereafter, the G, rate was equated to
100%. This method enables evaluating not only
inhibitory, but also stimulatory effects of ex-
tracts. Winter oil rapeseed, R (Brassica napus L.,
Dicot) cv. Cult and spring wheat, W (Triticum
aestivum L., Monocot) cv. Hamlet germinate fast,
possess high germination energy, and therefore
were chosen as recipient plants. One hundred
seeds were placed on filter paper in a Petri dish
of 6 cm diameter. Five ml aqueous Impatiens spp.
extracts (concentrations 0, 0.02, 0.05, 0.1, and
0.2% w/v) were put in the Petri dish of each vari-
ant per treatment. Treatments were replicated
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four times. The Petri dishes were kept at 26°C for
16 h. Seeds sown in distilled water served as con-
trol. Seeds were considered germinated when
the radicle emerged from the seed coat.

Secondary metabolites phenolics from plant
materials were released from the matrix by
means of extraction. Total phenolic content
(TPC) in extract samples was determined using
Singleton and Rossi (1965) colorimetric me-
thod, which relies on a colorimetric reaction
and direct measurement of photo absorption in
the ultraviolet region (Singleton, Rossi, 1965).
In determining the TPC, the standard curve
with chlorogenic acid (Sigma, Aldrich, Germa-
ny) was used. One ml of extract was mixed with
45 ml of distilled water; 1 ml of Folin-Ciocal-
teu reagent (Merck, Darmstadt, Germany) was
added and mixed thoroughly. After 3 min, 3 ml
of Na,CO, was added, then the mixture was al-
lowed to stand for 2 h. The absorbance was meas-
ured at 760 nm. Samples were analysed in two
replications. Identification and quantification of
individual target polyphenolic compounds was
carried out by UV-Vis spectrophotometry (Be-
chman DU-40, Germany). To evaluate the ef-
fects of selected chemicals, a standard equivalent
of the total phenolic content in Impatiens spp.
was estimated via the standard curve of chloro-
genic acid. The equivalent value was calculated
by multiplying the absorbance of each sample
by a single value of equivalent chemical weight
per absorbance unit determined under the same
condition. In crude extracts of each fraction,
TPC of Impatiens spp. was expressed as a fresh
weight basis in mg per g chlorogenic acid equiv-
alent (CAE).

Statistical analysis

Significant differences among the means were
determined using Kruskal-Wallis test, KW-H,
and F-test (ANOVA). Correlation coefficient r
between the parameters of extracts and seed-
lings was calculated in order to evaluate their in-
teraction. the results of allelopathic effects were
statistically evaluated by using the statistical
package STATISTICA v.7 (StatSoft Inc., 2004).
The results regarding the concentration of phe-
nols, germination, and seedling parameters are

presented as mean + SD of four independent
analyses at the p < 0.05 significance level.

RESULTS AND DISCUSSION

Total phenolic content (0.585-7.566 mg g)
was recorded in the assessed extracts, which
was also significantly subjected to concentra-
tion (r = 0.9, p = 0.000) and insignificantly to
the part of the plant (r=0.2, p > 0.1) (Figs. 1, 2).
The recorded relatively low TPC might be re-
lated to favourable conditions due to a lack of
pests in the invaded habitats, since these sec-
ondary metabolites are generally produced
as a response to environmental factors (light,
temperature, and pollution) or plant damag-
es (Callaway, Ridenour, 2004). Significantly,
the highest (7.566 mg g™') and the lowest TPC
(0.585 mg g™') were recorded in 0.2% blossom
and 0.02% fruit+seed extracts, respectively.

Concomitant with former researchers (Ia-
son et al., 2012; Hanley, Whiting, 2005), phe-
nolics stimulated the phytotoxicity of I. glan-
dulifera and inhibited the germination of both
recipient species (Fig. 1, 2). A strong correla-
tion between TPC and recipients germination
(rrapeseed = -0.7 and r, = -0.7, p = 0.000)
confirmed significant phytotoxicity of I. glan-
dulifera extracts.

However, germination inhibition was dif-
ferent in each tested recipient, possibly due to
their different structure of the seed coat (testa)
(Moise et al., 2005). As a result, seed germina-
tion and seedling emergence exhibited the out-
comes of a sequence of biological events initi-
ated by water imbibition followed by enzymatic
metabolism of storage nutrients. The recorded
inhibition by extracts was stronger for rapeseed
germination than for wheat germination, pos-
sibly due to different seed coat anatomy and
thus its permeability. The thick, lignified coats
of wheat grain were almost impermeable to ex-
tracts, thereby maintaining their ability to re-
duce the phenol inflow to the embryo. Conse-
quently, wheat grains were specific with higher
mean germination (78.1%) than rapeseed
(55.1%) in extracts. I. glandulifera inhibited
rapeseed (mean by 42.9%) stronger than wheat
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Fig. 1. Distribution of TPC and seedling parameters in extracts of different concentration.

Significant differences among the means were determined using Kruskal-Wallis test, KW-
H, and F - test. R - rapeseed, W - wheat
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Fig. 2. Distribution of TPC and seedling parameters in extracts of different parts of plant.
Significant differences among the means were determined using Kruskal-Wallis test, KW-

H, and F - test. R — rapeseed, W — wheat
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germination (mean by 19.9%) due to a different
structure of their seed coats.

Mean length of wheat and rapeseed radicles
ranged between 14.2 and 4.4 mm, and hypocotyls
between 4.4 and 1.4 mm, respectively (Figs. 1, 2).
The highest suppression was observed on length
of hypocotyls of both recipients than on the radi-
cles in 0.2% extracts. Seedling analysis revealed
that their parameters correlated significantly
strongly with extract concentration (r = -0.8,
p = 0.00) and insignificantly with the donor part
(r=-(0-0.2), p > 0.1) due to different TPC.

CONCLUSIONS

The present allelopathic research aimed to de-
termine the allelochemical activity as a poten-
tial ecological factor driving plant invasions.
The findings revealed that invasive species
contained phenolics that were phytotoxic to
the germination of the recipient and suppressed
seedling growth. Consequently, phytotxicity of
I. gladulifera may inhibit the germination and
regeneration or recruitment of the neighbour-
ing species in invaded habitats. Thus, Impatiens
glandulifera may considerably reduce the spe-
cies diversity or locally out-compete the native
plants in invaded habitats. The revealed alle-
lochemical phytotoxicity of Impatiens glandu-
lifera should be considered as a partial expla-
nation of its high aggressiveness and thus may
help improve our knowledge of species inva-
siveness.
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IMPATIENS GLANDULIFERA FITOTOKSIS-
KUMAS IR ALELOPATINIS POVEIKIS

Santrauka
Zinios apie invaziniy risiy plitima naujoje aplinkoje
gali buti svarbios jy kontrolés vykdymui. Be to,
biocheminé sgveika yra viena i§ daugelio ,naujo
ginklo® hipoteziy, ai$kinanciy rasiy invazyvuma.
Siuo tyrimu siekta nustatyti bendra fenoliniy jun-
giniy kiekj jvairiose I. glandulifera dalyse ir jvertinti
jy fitotoksiskuma vienskil¢iy ir dviskil¢iy rasiy dai-
gumui. Invazinés Impatiens rasies (Balsaminaceae)
I glandulifera (kilusios i$ Himalajy) fitotoksiskumas
ir alelopatinis aktyvumas kvieciy ir rapsy daigumui
ir daigy augimui buvo tirtas ex situ Aleksandro
Stulginskio universitete 2016 metais. Fenoliy kie-
kis I. glandulifera ekstraktuose svyravo tarp 0,615 ir
7,566 mg g, taciau reik§mingai slopino recipienty
rasiy daigumg ir daigy augima. Sékly daigumas ir
daigy pasirodymas yra biologiniy procesy rezulta-
tas, inicijuotas vandens brinkimo, kuris paskatina
atsarginiy maisto medziagy fermentinj metaboliz-
ma. Kiekviena recipiento rasis pasizyméjo skirtingu
daigumu. Nustatytas stipresnis Iimpatiens ekstrakty
slopinamasis poveikis rapsy daigumui (11,5-81 %)
nei kvieciy (71-86,5 %), ir tam jtakos galéjo turéti
skirtinga pralaiduma lemianti sékly luobelés ana-
tomija. Rapsy daigumas (11,5 %) stipriausiai buvo
slopintas (86,5 %) 0,2 % I. glandulifera vaisiy + sék-
ly ekstrakte. Vidutinis kvie¢iy hipokotilio (14,2
mm) ir gemalinés $aknelés (4,4 mm) ilgis silpniau
reagavo i I. glandulifera ekstraktus nei rapsy (ati-
tinkamai 4,4 mm ir 1,4 mm). Todél vietiniy rasiy
jsikirimas ir atsikiirimas gali biti probleminis inva-
zinés Impatiens rusies paveiktuose arealuose.
Raktazodziai: alelopatija, daigumas, fenoliai,
daigai, Impatiens glandulifera



