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Summary

Understanding the competitive ability 8umex obtusifoliuggainst grassland species is essential for
developing efficient control strategies against k$ocHere we present results from a greenhouse
experiment where we tested shoot and root competitetweenRumexregenerating from rhizome
fragments and grassland species (grasses, herlsaaedueguminous species). Competitive ability was
expressed as the relative above- and belowgrownrddsis partitioning and, concentrations and allonati
of carbon and nitrogen of the plant species studiedjieneration dRumexwas significantly affected by
competition through neighbouring native grasslapdcges.Rumexresponded to concurrent shoot and
root competition of grassland species with 50% maokestment in root biomass compared to shoot
competition through those species alone. Abovegidiiamass allocation dRumexwas unaffected by
competition. Grassland species on the other hasgoreled to concurrent shoot and root competition
through Rumexwith 20% more shoot biomass compared to no comnpetireatment. Belowground
biomass allocation of grassland species was unatfdny competition througRumexRumexroots also
showed a significantly higher C:N ratio when comeant shoot and root competition through grassland
species occurred compared to only shoot or no congpethrough grassland species. C:N ratios of
Rumexshoots and of grassland shoots and roots remaimaffiected by competition. Despite changes in
biomass allocation oRumexinto the root system, this did not translate iot@nges in the amount of
carbon and nitrogen stored in the biomass. Howegeassland species allocated significantly more
carbon into aboveground organs when only shoot etitign and significantly more nitrogen when both
shoot and root competition throudgtumexoccurred. Our data indicate that the competitilbgita of
Rumexobtusifoliusregenerating from rhizome fragments could be figamtly altered by management
strategies focussing on improved grassland sppeidsrmance.
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Zusammenfassung

Konkurrenzfahigkeit voRumex obtusifoliuggegenuber Grinland-Arten: oberirdische und untigsche
Allokation von Biomasse und Né&hrstoffen

Kenntnisse Uber die Konkurrenzfahigkeit vétumex obtusifoliusgegentber Griunland-Arten sind
essentiell fur die Entwicklung effizienter Kontreilategien gegen Ampfer. Wir prasentieren hier
Resultate eines Gewéachshaus-Experiments tUber dizifkungen von Spross- und Wurzelkonkurrenz
zwischen sich aus Rhizomstucken regenerierenBemexund Grinlandarten (Graser, Krauter und
Leguminosen). Die Konkurrenzfahigkeit der untersanhPflanzen wurde dabei ausgedrickt als die
relative ober- und unterirdische Biomasse sowiektiazentration und Allokation von Kohlenstoff und
Stickstoff. Die Regeneration vomRumex war signifikant beeinflusst durch die Konkurrenonv
benachbarten GrunlandarteRumexreagierte auf gleichzeitige Spross- und Wurzelkordnz durch
Grlunlandarten mit einer um 50% hoheren InvestitroWVurzelbiomasse im Vergleich zur Behandlung
mit alleiniger Sprosskonkurrenz. Die oberirdischerBasse-Allokation voiRumexblieb von Konkurrenz
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durch Grinlandarten unbeeinflusst. Grlinlandarteragiegten auf gleichzeitige Spross- und
Wurzelkonkurrenz durchRumex mit einer um 20% hoheren Sprossbiomasse vergliamén der
Behandlung, in der Konkurrenz ausgeschlossen wubde. unterirdische Biomasse-Allokation von
Grinlandarten war unbeeinflusst von Konkurrenz kduRtmex RumexRhizome zeigten signifikant
h6here C:N-Verhaltnisse, wenn sowohl Spross- ath &Murzelkonkurrenz durch Grinlandarten auftrat
verglichen mit ausschliel3licher Sprosskonkurrenerogenn keine Konkurrenz stattfand. Die C:N-
Verhéaltnisse inRumexSprossen sowie in Sprossen und Wurzeln der Grdatéen blieben durch
Konkurrenz unbeeinflusst. Trotz der Verdnderungenuhterirdischen Biomasse-Allokation vBumex
konnte keine Veranderung des in der Biomasse gdspéen Kohlenstoffs und Stickstoffs festgestellt
werden. Die GriUnlandarten jedoch verlagerten sikpmt mehr Kohlenstoff in die Sprossmasse, wenn
nur Spross-Konkurrenz und signifikant mehr SticKstwenn sowohl Spross- als auch Wurzelkonkurrenz
durchRumexstattfand. Diese Ergebnisse geben einen Hinweaufladass die Konkurrenzfahigkeit von
sich aus Rhizomfragmenten regenerierenBemexobtusifoliusdurch Bewirtschaftungsstrategien, die
auf einen konkurrenzkraftigen Grinlandbestand mied@gnifikant beeinflusst werden kann.
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Introduction

Competition occurs most commonly when plants tilise same pool of growth-limiting resources or
when one individual species produce chemicals tlegiatively affect the neighboursA(BeRS et al.
1998). The competitive ability of a species depamdgnvironmental conditions and its ability to tap
resources such as light, water and nutrientsw@N 1988). No species is competitively superior in all
environments, rather, there are trade-offs amoatstthat are beneficial in some environments, but
which cause plants to be poor competitors in o#rarironments. For example, there is a trade-off
between allocation to roots to acquire water arntdemits versus allocation to shoots to capturet lagid
CO; (TiLMAN 1988). A high morphological plasticity allows aespes to maintain dominance in spatially
or temporally variable environments by enablingnihe explore continuously new patches of resources
that have not been depleted and thus maintainimgs$ in the competition with surrounding plants
(GRIME et al 1986).

In temperate region®umex obtusifoliugbroad-leaved dock) is a troublesome weed in tgads and
Is increasing in dominance especially when cutfimgsilage and fertilising with slurry occurs (e.g.
STAHLIN 1969, MsHIKI 1995, BKRUN et al.2002). The characteristics which make it such esgftll is
its ability to establish quickly from seeds, toviler in the first year, and to produce large queastiof
seeds which can remain viable in the soil for Meng periods (BSTER 1989). Due to its regeneration
potential, Rumex obtusifoliusan withstand close grazing and mowing and cackfuenter openings in
the sward caused by gouging or by dung patchesnHet al. 1977). The composition of the grassland
plant community is closely linked to the balanceatove- and below-ground resources, as well as
differences in timing of resource use among pléetg. TLMAN 1982, AERTS et al. 1991, TURNER and
KNAPP 1996, @sPER and ACKSON 1997). Biomass allocation describes a plant’s stwent in organs
and is ruled by direct trade-offs: biomass investimie a certain plant part can not be used elsesvher
Although Rumex obtusifoliuss probably one of the best studied weed spec$dvwide, very few
investigations have been conducted on the competébility of this species against native grassland
species.

In the current study the competitive ability of adsleaved dock regenerating from rhizome fragments
against a grassland sward consisting of grasselsadeous and leguminous species was investigated.
Therefore we manipulated shoot and root competitiothe greenhouse by above- and below-ground
trenching of pots. We hypothesised that the fastvgrg Rumexs characterised by a high morphological
plasticity both above- and belowground and follawdifferent strategy to invest nutrients into difiet
plant organs than slow-growing grassland specidsttamns has a high ability to outcompete co-occgrrin
grassland species.



Materials and Methods

Experimental design

The experiment was conducted in a greenhouse oéxtperimental farm ,Wiesengut® in Hennef/Sieg
near Bonn, Germany, using 4-litre pots (diametecit6 height 20 cm) filled with homogenised sandy-
loamy fluvisol obtained from the top 10 cm of amamically managed field of the experimental farm
(C:N ratio 11.30, P = 6.2 mg/100g, K = 21.4 mg/10®jants were watered when needed using drip
irrigation. Four different competition treatmentser® established by combinations of above- and
belowground pot trenching: trenching with a glassmegl above ground avoided shoot competition;
trenching with a plastic panel below ground avadtrcompetition; no trenching allowed both shod an
root competition to occur concurrently. Of each, pmte half was planted with one rhizomeRiimex
obtusifolius excavated from organically managed permanent lgrassf the experimental farm. All
rhizomes were cut to 4 cm length, horizontally eddsal in the pots and covered with 1 cm of soil. The
other half of the pot was planted with a grasskndrd extracted from the same grassland. Grounercov
of sward transplants consisted of similar propogiof grasses (e.gAgrostis capillaris, Holcus lanatus,
Lolium multiflorum, Poa trivialiy herbaceous (e.gBellis perennis, Plantago lanceolata, Ranunculus
repens, Taraxacum officingl@nd leguminous species (e.@rifolium pratense, Trifolium repehsPots
with different treatments were randomly distributada greenhouse table and rotated once per week to
minimise location effects. Each treatment was ogpiid seven times. The experiment was established i
August 2002 and lasted for 62 days (first regemmrabf Rumex obtusifoliu®ccured six days after
starting the experiment).

Measurements

Allocation of biomass was determined after sepagatine side wherBumexwas growing from the side
where grassland species were growing by cuttingptte in half. Aboveground plant material was dut a
the soil surface, oven-dried at°@Dand weighed. Below ground plant biomass was chited after
rinsing roots free of soil using a fine water spoagr a 1-mm mesh screen; afterwards roots were-ove
dried at 60C and weighed. To determine carbon and nitrogeraxdnation, oven-dried plant material
was ground and analysed using a CHN-analyser (Eaba, Rodano, Italy).

Statistical analysis

Statistical analyses were performed in SAS (ver8idar Windows, SAS Institute, Cary, NC, USA) by
ANOVAs using the GLM procedure. Differences amdtigmexand grassland species were determined
using Tukey-Kramer HSD testsAZ 1996).

Results

Imposed competition treatments significantly aféectshoot biomass allocation of studied grassland
species. In treatments where competition betwBemex obtusifoliusand grassland species was
excluded, grassland shoot biomass was significdowler than in pots where either shoot, root ohbot
shoot and root competition was possible (Fig. Dm@etition treatments had no effect on shoot biemas
allocation ofRumex(Fig. 1). Allocation to root biomass was signifidlgraffected forRumex however
remained unaffected for grassland species (FigRmexallocated significantly more biomass into roots
when both shoot and root competition was alloweh twhen only shoot competition occurred (Fig. 1).
Allocation toRumexroots were similar for treatments where root, $taow root or no competition took
place (Fig. 1).

Total carbon and nitrogen concentration Rfimexroots was significantly affected by imposed
competition treatments (Table 1). When competiti@s excluded or only shoot competition was allowed
to occur carbon:nitrogen ratio dRumexroots was significantly narrower than when eithieot
competition or both shoot and root competition w&hswed to occur. Carbon:nitrogen ratio of grasglan
shoots and roots arRlumexshoots were unaffected by imposed competitiorirtreats (Table 1).

Competition treatments significantly affected thenoant of carbon and nitrogen stored in
aboveground parts of grassland species, howevarddidffect C and N allocation inRBumexshoots and
roots or grassland roots (Fig. 2 A,B). When conjmetiwas excluded, significantly less carbon was
allocated to grassland aboveground material thaenwdhoot competition occurred (Fig. 2A). Similar



amounts of carbon were stored in grassland shob&nhwhoot or shoot and root competition occurred
(Fig. 2A). When competition was excluded, signifita less nitrogen was stored in shoot biomass of
grassland species than when both shoot and rogtetdian took place (Fig. 2B). Nitrogen allocatiom
grassland shoot biomass was similar regardleskoibts root or both shoot and root competition was
allowed to occur (Fig. 2B).
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Fig. 1. Biomass allocation dRumex obtusifoliu@nd grassland species (grasses, herbaceous and
leguminous species) at different competition tresatta (means =+ SE, n = 7). Different letters
within Rumexor grassland indicate significant differencesxat 0.05 (Tukey-Kramer HSD
test).

Abb. 1:  Biomasse-Allokation voRumex obtusifoliusund Grunlandarten (Graser, Kréauter und
Leguminosen) bei unterschiedlichen Konkurrenzbediggn (Mittelwerte = SE, n = 7).
Unterschiedliche Buchstaben innerhalb einer Arteipge weisen auf signifikante
Unterschiede hing = 0.05, Tukey-Kramer HSD Test).

Tab. 1: Carbon:nitrogen ratio in shoots and robRumex obtusifoliuand grassland species (grasses,
herbs and legumes) at different competition treatmémeans = SE, n = 7). Different letters
within a row indicate significant differencescat 0.05 (Tukey-Kramer HSD test).

Tab. 1:  Kohlenstoff:Stickstoff-Verhaltnis in Smes und Wurzeln vofRumex obtusifoliusund
Grinlandarten  (Graser, Krauter und Leguminosen) beunterschiedlichen
Konkurrenzbedingungen (Mittelwerte + SE, n = 7ntétschiedliche Buchstaben innerhalb
einer Zeile weisen auf signifikante Unterschiede(bi= 0.05, Tukey-Kramer HSD Test).

Species Plant Competition treatments

group part Shoot comp. Root comp. Shoot + root com  No comp.
Rumex shoots 231+0.75a 279+1.17 a 1.24+0.52a .36 20.97 a
Grassland shoots 17.05+3.94 a 16.79+2.76 a 520260 a 12.47+2.2l1a
Rumex roots 6.81+£1.82hb 13.08 +2.28 a 14.42 +1.75a7.73+2.94b

Grassland roots 28.62 +4.26 a 22.65+3.93 a 22PB2a 21.76+251a
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Fig. 2: Allocation of carbon (A) and nitrogen (B) biomass oRumex obtusifoliuand grassland
species (grasses, herbs and legumes) at diffepemtetition treatments (means + SE, n = 7).
Different letters withinRumexor grassland indicate significant differencesoat 0.05
(Tukey-Kramer HSD test).

Abb. 2:  Allokation von Kohlenstoff (A) und Stickis{B) in der Biomasse vdRumex obtusifoliusind
Grinlandarten  (Graser, Krauter und Leguminosen) beunterschiedlichen
Konkurrenzbedingungen (Mittelwerte + SE, n = 7).téschiedliche Buchstaben innerhalb
einer Artengruppe weisen auf signifikante Untersdhi hin ¢ = 0.05, Tukey-Kramer HSD
Test).

Discussion
Our results showed that the regeneratioRwmex obtusifoliuBom rhizome fragments was significantly
affected by competition of neighbouring native gtasd specieRRumexresponded to concurrent shoot
and root competition of grassland species with 508te investment in root biomass compared to shoot
competition through grassland species alone. Ehis line with findings wher&umexseedlings have
been grown together with seedlings laflium perennein a pot experiment (NsHIKI et al. 1992). In
contrast, whefiRumexseedlings have been planted in gaps lbblaum perennesward,Rumexwas much
more affected by root competition than by shoot petition (EANGROS and NDSBERGER1990, 1992).
An explanation for this contrasting result mighttbat the competitive ability does not only varyveen
species (BHILL 2002) but can also vary between developmentaéstafithe same species. ThEsymex
seedlings can be sensitive to shading, wRikenexregenerating from rhizomes is more sensitive titn bo
root and shoot competition of neighbouring speckisce we studied effects of competition on the
regeneration oRumexfrom buried rhizome fragments, this could mear tha time lagRumexneeds to
regenerate from rhizomes (in our experiment sondéviduals regenerated already within six days) is
crucial for grassland species to outcomdetenex While Rumexinvested into root biomass when both
shoot and root competition was allowed to occuasgiand species responded with 20% more shoot
biomass compared to no competition. Obviously, alcend tussock-forming morphology of grasses
showed a higher plasticity in allocating biomasswabground in response to competition (e.g@VMBERS
et al. 1998).

While Rumexpredominantly allocated biomass into roots wheth bghoot and root competition
through grassland species occurred, these rootgesha significantly higher C:N ratio than roots\gro
when either shoot or no competition occurred. Tdusld be attributed to an investment of carbon in



secondary plant compounds with impacts on decoriposiates olRumexroots since higher C:N ratios
are commonly associated with lower decompositidesrlAMBERS and PORTER1992).

Despite changes in biomass allocationRafmexinto the root system, this did not translate into
changes in the amount of carbon and nitrogen siardte biomass. However, grassland species aidcat
significantly more carbon and nitrogen abovegrouwmden competition throughfRumex occurred.
Nitrogen in grassland shoots was highest when amot shoot competition througRumexoccurred
concurrently. This plasticity to store and remdaalicarbon and nitrogen could provide a mechanigsm fo
growth in the spring when the availability of soiltrients is low (BUSENWEIN et al.2001).

Taken together, our results demonstrate that th&-gl@wing Rumex obtusifoliusshowed
morphological and chemical plasticity only belowognd, however was unresponsive regarding above-
ground allocation of biomass and nutrients. Grasskpecies, on the other hand, only responded above
ground to competition witiRumexby altered biomass and nutrient allocation. Thus, assume the
success oRumexin a competitive environment is based on the itaeat into an extensive root system
which ensures a rapid regeneration when condi@wasnore favourable (e.g., when grassland has been
mowed). If the aim is to define control strategegminstRumex obtusifoliugn grassland based on the
findings of the current experiment it is importantnote that interactions betweBumexand grassland
species are not only based on competition for megsibut also through direct interaction like alpethy
of the competing partners A€BALLEIRA et al. 1988). There is evidence that a dense sward oanthe
growth and establishment Bumex obtusifoliuf'om seedlings (e.g.EANGROS and NDSBERGER1990).

In the current experiment it could additionallydiewn that the competitive ability Bumexobtusifolius
regenerating from rhizome fragments could also igmificantly altered by management strategies
focussing on improved grassland species performance

Acknowledgements

| am grateful to Ulrich Képke for comments on thamascript. Thanks to Christina Gunther, Harriet
Leese, Ute Reinhold, Birgit Stocker, Sonja Reinhandd Dieter Zedow for technical assistance and
conducting laboratory analyses.

References

AERTS R., R.G.A. BOT, P.J.M.VAN DER AART: The relation between above- and belowground bgsma
allocation patterns and competitive ability. Oegi®7, 351-359, 1991.

BAUSENWEIN, U., P. MLLARD, B. THORNTON, J.A. RAVEN: Seasonal nitrogen storage and remobilization
in the forbRumex acetosdunctional Ecologyl5, 370-377, 2001.

CaHILL, J.F.: Interactions between root and shoot coripetvary among species. Oik@9, 101-112,
2002.

CARBALLEIRA, A., E. &RRAL, M.J. REIGosa Asymmetric small-scale distribution and alleldpat
interaction betweerRumex obtusifoliud. and meadow species. Journal of Chemical Ecolbgy
1775-1786, 1988.

CasPpER B. and R.B. dcksoN: Plant competition underground. Annual Review afolBgy and
Systematic28, 545-570, 1997.

FOsTER L.: The biology and non-chemical control of dageciesRumex obtusifoliugandR. crispus
Biological Agriculture and Horticulturé, 11-25, 1989.

GRIME, J.P., J.C. RicK, J.E. RnNCcON: The ecological significance of plasticity. In:HD.JENNINGS, A.J.
TREWAVAS (eds.): Plasticity in Plants, Cambridge Univergttess, Cambridge, 5-29, 1986.

HoLwm, L., D.L. RUCKNETT, J.V. RANCHO, J.P. HERBERGER Rumex crispu&. andRumex obtusifoliuk.
In: The World's worst weeds: distribution and bgyp University Press of Hawaii, Honolulu, USA,
401-408, 1977,

JEANGROS B., J. NOSBERGER Effects of an established swardladlium perennd.. on the growth and
development oRumex obtusifoliuk. seedlings. Grass and Forage Scieffsel -7, 1990.

JEANGROS B., J. NOSBERGER Comparison of the growth responseRafmex obtusifoliuk. andLolium
perennel. to photon flux density. Weed ReseaB%) 311-316, 1992.



LAMBERS, H., F.S.I. GiAPIN, T.L. Pons Plant physiological ecology Springer Verlag, Ngark, USA,
1998.

LAMBERS, H., H. POORTER Inherent variation in growth rate between higipdaints: A search for
physiological causes and ecological consequencdsames in Ecological Resear@li, 187-261,
1992.

NASHIKI, M.: Competition of the weedumex obtusifoliuk., with pasture plants for early control in new
grassland. Bulletin of the Tohoku National Agricutil Experiment Statio@0, 93-153, 1995.

NASHIKI, M., R. MEGURQ, T. SUYAMA : Effects of competition from shoot and rootLaflium perennd..
seedlings on the growth Bumex obtusifoliuk. seedlings. Weed Research Tol3i 301-308, 1992.

PeKRUN, C., D. IND, V. HOFRICHTER S. WAGNER, U. THumMm, W. QAuPEIN: Pflanzen- und
ackerbauliche MaRRnahmen zur Ampferbekampfung aukeAcund Grinlandflachen unter den
Produktionsbedingungen des Okologischen Landbawstschrift fur Pflanzenkrankheiten und
Pflanzenschutz - Journal of Plant Diseases aneéé&troh 18, 533-540, 2002.

STAHLIN, A.: MalRnahmen zur Bekampfung von GrinlandunkrautBas Wirtschaftseigene Futt#b,
249-334, 19609.

TILMAN, D.: Resource competition and community structBrénceton University Press, Princeton, New
Jersey, 1982.

TILMAN, D.: Plant strategies and the dynamics and streiaifi plant communities Princeton University
Press, Princeton, New Jersey, 1988.

TURNER, C.L., A.K. KNAPP. Responses of a C4 grass and three C3 forbs itigarin nitrogen and light
in tallgrass prairie. Ecology7, 1738-1749, 1996.

ZAR, J.H.: Biostatistical analysis, 3rd edn. Prentita}, Englewood Cliffs, USA, 1996.



