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CARBON ISOTOPE (1*C) SIGNALS: INVASIVE PLANT RESPONSE TO
CHANGING ENVIRONMENT

Ilpoys b.I'. Curnaam i3oromy ByIJIewo (2*C): peakuis iHBa3iiiHOro BHAY pPOCIMH Ha 3MiHY
noskisus // Hayk. 3an. Jlepsk. npupoo3Hasy. mysero. —JIbgis, 2008. 24. —C. 77-82.

[lnsxoM  eKClepUMEHTaJbHUX  JOCTI/PKCHb  BCTAHOBJICGHO  IHIMKALIMHY  3[aTHICTbH
BHCOKOIHBa3iiiHOTO BHay pociuH Impatiens glandulifera Royle pearysaru Ha 3MiHH PHUPOJHUX YMOB
3a pe3ynbTaTaMH Byrelb-isoTormHoro (°C %) amamisy. Hamu BHABICHO B3a€MO3B 30K MiX
KOHIICHTPALII€I0 130TOMY BYIJICLIO Y JIMCTAX i CTeOJaX LBOr0 BUAY Ta 3aTiHEHHSIM CEpPeIOBHIIA,
POJIFOUICTIO IPYHTY, @ TAKOX I'€HEPaTHBHUMHU HapaMeTpaMu POCIMHH. MK Pi3HHUMH HOIYJIAL{iSIMH
BUJTy HE BCTAaHOBJIEHO JIOCTOBIPHOI Pi3HMUII Y HAKONHMYEHHI 130TOIy BYTJICIIO.

Ilpoyv 5.1. CurHajabl HM30TONA YIJepoia (}113C): peaknus MHBA3MOHHOIO BHJIa pacTeHHMil Ha
u3meHeHus cpenbl // Hayu. 3an. Toc. mpupomoseny. mysesi. —JIbos, 2008. Beim. 24. —C. 77-82.

ITyreM 3KCHEPUMEHTAIBHBIX HCCIEJOBAHMI HAMH YCTaHOBJICHA WHIMKALMOHHAS CHOCOOHOCTH
BBICOKOMHBa3MOHHOTO Buia pacrenmii Impatiens glandulifera Royle pearupoBats Ha
U3MEHEHMsl MPUPOTHON Cpeabl 3a pe3ylbTaTaMu YIIIEPOA-U30TOMHOTO (13C %) anamusa.
BrisiBiieHa B3aMMOCBSI3b MEXKAY KOHIIEHTpalMed H30ToNa YriepoAa B JIMCTHAX, CTEOJSX
3TOr0 BMJA, a TaKKE 3aTCHECHUEM CpeAbl, ILIOAOPOAMEM IIOYBBI M TI'€HEPATHBHBIMU
rnapamMeTpaMu pacTeHHs. Mexay pasHbIMU [ONYJSUUSMU BHJA HE YCTAHOBJICHO
JIOCTOBEPHOM PAa3HULIBI B HAKOIUIEHUU U30TOIIA YIJIEPOa.

Plant performance along environmental gradienterefbne way to evaluate potential
plant responses to climate change. Biochemicalgssss and diffusion during photosynthetic
CO, assimilation lead to discrimination against theier **C isotope in plants [4]. The
resulting fractionation is reflected in the stablrbon isotope signatur@™{C) of organic
plant components. Plant performance along envirotehegradients offers one way to
evaluate potential plant responses to climate ahalsgtopic measurements linked to plant
performance (e.gx™°C of leaves or whole plant biomass) allow multipkeservations and
replications along distinct environmental gradientight, air humidity, precipitation and
temperature are environmental factors known taigrfte photosynthesis through their effect
on stomatal conductance and JdRation [6, 12, ]

The isotopic studies along environmental gradigzgpecially altitudinal changes) have
consistently shown a shift towards increasififC..; at upper elevations [7, 8, 9, 14]. This
pattern is correlated with physiological and moipbial changes such as leaf thickness
[17], leaf nitrogen content [11] and stomatal dgnid]. In addition, correlations are reported
for abiotic factors such as soil moisture [16], smperature [13], and gradients of
atmospheric pC@and pQ [10, 11].

The Farquhar photosynthesis model combines phdfussis with carbon isotope
discrimination at the leaf level [5], but excludel®wnstream biochemical processes
modifying the stable isotope ratio. The lack of erstanding of thet**C-signal chain limits
the use of carbon isotopes in many ecological egiitins. So farn**C values and their
variations in different cellular components and nplgarts have been observed, but
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interactions between them are not well understtiad.especially related to highly invasive
species, which have got a rich amount of adaptatioperties. Such ability of the plants to
survive and expand in different environmental ctods might be interesting model for
studying of carbon-isotope reactions to environment
The study addresses the following questions: (1§sDexist any carbon-isotopg™{C)

response in Himalayan Balsam to environmental obsth@?) Does any difference in such
response for local and distant populations? (3) ang varieties of responses for one
morphological part of the plant compare to othetpa

Materials and methods of the study

The study object
The highly invasivdmpatiens glandulifera Royle Balsaminaceae) has been selected as

a main object of the study. It is the tallest spapbus annual plant in Europe, which makes a
strong competitor with other species. The dominasfdeglandulifera along riverbanks has
been repeatedly reported to cause problems innstreanagement [3]. Furthermore, the
species is able to reduce the fitness of nativa flb] and to replace it in invaded sites [2, 3].
I.glandulifera is included into the PLANTLIFE's HIT LIST: the tof0 most harmful
invaders. Crawley [2] considered it to be one ef‘tiop twenty” British aliens. Native to the
Western Himalayas, this plant occurs in 26 coustaEEurope, also in the Far East, Japan
and United States now. The species is currenthamdipg within the Eurasian and North
American ranges [3].

The experiment
The Burgholz forest massif and the riverside of Weisse Elster river channels

(surroundings of Halle city, Eastern Germany) hasnbchosen as a study polygon. Six
experimental plots have been established insidehef forest (shaded site; vegetation
community of Querco-Ulmetum minoris Issler 1953) and on near the open ditapétienti
glanduliferae-Convolvuletum sepium Hilb. 1972). They are three for each site. Two
populations (local/Halle/Germany and distant/Umee®n) have been used. The seeds of
these populations had germinated in the climatéralted chamber, after grown in the open
greenhouse (Bad Lauchét experimental station of the UFZ Research Ceh#ipzig/Halle,
Germany) and finally placed on the Burgholz sitelgerimental plots during May-June
(Fig. 1). The total duration of the field experirhdas been 4,5 months (June-October). Total
duration of the study was 8 months. The plants \yeo&ing in the highly fertilised soil and
poor (sand) soil conditions. The pots of the plavith sand soil have been located in plastic
sacks to avoid penetration of rich river soil oe &xperimental field (Fig. 2). Totally we used
four treatments for each population with the nexhbinations: 1) open site + high fertilised
soil; 2) open site + low fertilised soil; 3) shadstd + high fertilised soil; 4) shaded site + low
fertilised soil. Total number of replicates was é&r fireatment and per population. Total
number of plants was 40. The total number of saspplich has been analysed was 80
(2 populations x 4 treatment x 5 plants/per treatme?2 morphological parts per plant). The
above ground and inflorescence biomass as welbas lpaves and stem material have been
collected and measured at the end of the experiment

The leaves and stems were dried at 65°C for 4&ltgeound in a steel ball mill (Mixer
Mill, Retsch MM2000, Germany). The powder was weigfinto small tin cups (0.6-0.8 mg
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for *C/**C measurements) and combusted to, @® carbon isotope analysis with the
elemental analyser (EA-1108, Carlo Erba, Italy)jochtis connected via a variable open split
(Conflo Il, Finnigen MAT, Germany) to a continuofiew mass spectrometer (DELTAS
Finnigan MAT, Germany). The isotope signature igregsed in the delta notation
11 *C=(ReampidRstandarr1)41,000 (%), relative to the international stand&®®B for carbon),
where Rampieis the*C/C ratio of the sample andyRgarthat of the standard.

Fig. 1. View of the experimental plot Fig. 2. Plants in poor and rich soil
fragment on open site of the riverside conditions on open site
of the Weisse Elster (Germany)

In the field experiment, treatment effectspHC values were tested with ANOVA [15].
The correlations were tested with a simple regoesanalysis [18]. All statistical analyses
were carried out with the program SigmaPlot 20G1Viindows Version 7.101 (1986-2001
SPSS Inc.).

Results

Carbon isotopic values distinctly differ betweer ttwvo photosynthesis systems. In C3
plants,x **Cies Values of whole tissue are reported from — 20%. 85%0 whereas C4 plants
range from — 7%o to — 15%o [4]. However, within theégeupings intra- and inter-plant and
species variability remains high.

Our 1 *Cis values of studiedmpatiens glandulifera Royle are registered between —
30,47%0 and — 35,78%.. Some values are even highapae to previously recorded in
literature [4], however all means are within thenti@ned range. Tha B¥Cqyem Values are
lower (between 29,26%. and 34,5%o).

The received data (Figs. 3-6.) based on use oftfeatments for two populations (local
and distant) show the strong isotopic responsésacks and stems of German and Swedish
populations to all studied environmental conditiomke leaves are much more sensitive
(P = 0.004** - 0.0005***) to environmental changesmpare to stems (P = 0.03* -
0.002**). Probably, such response is weaker inssfté conditions, like low fertilizer and
shaded site.
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Figs. 3-6. Carbon isotope concentration'C) in leaf and stem of two populations of
Impatiens glandulifera Royle for four treatments: A — open site/low fézéd soil
condition, B — shaded (forest) site/high fertilizedil condition, C — open site/high
fertilized soil condition, D — shaded (forest) S fertilized soil condition.
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Especially high difference between leaf carbondpetconcentrations; (13C) of open
and shaded sites has been received on high fertiiails (T = 6,73, P = 0,00009***,
d.f. = 9) and low fertilizer soils (T = 2,59, P 009*, d.f. = 9).

A strong linear regression has been recorded betwaghon-isotope concentrations
(n 13C) of leaves and stems versus above ground bk®raad reproductive effort
(Figs. 7, 8). The highest level of correlation awvieonmental changes has been noticed
between leaves and reproductive effort (biomassflmrescence).

It is no clear identified difference for carboniispe response between local (German)
and distant (Swedish) populations (P = 09

The present carbon-isotope studies need to bedmresi as a first step on the path of
understanding of interactions between differentut@l components and parts in the plant.
Impatiens glandulifera Royle can be treated as useful model for this offsudies.

50
400
° o | ] oo % 0 O
300 -
ANOVA (leaf vs.biomass):
F=13.62, df=19, P=0.002** 201 ANOVA (leaf vs.reproductive effort):
[ ) el F=16.09, df=38, P=0.0008"* o o
200 (] o O ANOVA (stemvs.reproductive effort): ° 0
ANOVA (stem vs.biomass): 201 F=5.31, df.=38, P=0.03"
F=4.34, df =19, P=0.05" 9
10 o ]
32 % 7! 2 0 8
°C (%) 1
@  Leaf vs biomass @  Lesf vs reproductive effort C(%
QO Stemyvs biomass O Stemvs reproductive effort
—— Regression — Regression
Fig. 7. Carbon isotop concentration Fig.8. Carbon isotop concentration
(1*%C) in leaf and stem versus above ground (1'*C) in leaf and stem versus
biomass inmpatiens glandulifera Royle reproductive effort inmpatiens

glandulifera Royle
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