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Abstract

Eliáš P.: Rhizome size structure and belowground biomass of Sambucus ebulus L. populations in 
a monodominated plant community. Ekológia (Bratislava), Vol. 26, No. 4, p. 430–437, 2007.

Belowground organs of Sambucus ebulus L., a herbaceous perennial plant with clonal growth, 
were studied in dense stands with single dominant species in two localities in SW Slovakia, in 
Báb near Nitra (L1) and in Bratislava (L2). Diameter of rhizomes varied from less than 3 mm to 
more than 20 mm. In size structure thicker rhizomes prevailed by dry biomass. But if the frequency 
was expressed in length of rhizomes thinner rhizomes were more frequent. Total length of rhi-
zomes in 1m–2 plot in L2 was 2.9 m. Specific rhizome length (SRL) was 2.8 cm g–1. In the stands 
investigated, the dry biomass of S. ebulus rhizomes varied from 0.63 in L2 to 1.02 kg. m–2 in L1. 
The ratio of belowground to total above-ground dry mass was highly variable (1.08 to 1.4). High 
rhizome weight fraction (RWF) indicates importance of rhizomes in the dominance of the plant 
species in the monodominant community. 
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Introduction

Dominance-controlled communities demonstrate strong dominance: some species are com-
petitively superior to others; usually one or two species with high competitive ability are 
very abundant and many other species are rare (Begon et al., 1996; Crawley, 1997; Eliáš, 
1981). Dominance by various types of herbaceous plants has been associated with particular 
plant characteristics (Grime, 1979).

The species with high competitive ability – the competitors – are robust perennials which 
have the capacity for lateral vegetative spread by means of rhizomes or expanding tusssocks 
(Grime, 1979). The competitive ability has been associated with clonal, perennial growth 
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(lateral vegetative expansion) and a relatively high, dense leaf canopy and dense root system 
(Wilson, 1988; Fiala, 2001). Species formed larger root systems could be more successful 
in the competition for soil resources. It is, therefore, important to study the  underground 
organs of the plants.

Most of the dominant plants are rhizomatous plants. Physiological integration among 
ramets of the herbaceous perennials via rhizome connections provides a likely mechanism 
by which clonal plants can invade heterogeneous environment, colonize it, form dense stands 
with a single dominant, persist in one place for many years. Edificators in litoral helophyte 
communities, e.g. Phragmites australis (Fiala, 1976) and Acorus calamus (Dykyjová, 1980), 
can be introduced as good examples of dominants with clonal growth. Dominants in ruderal 
and other disturbed habitats were also studied and discussed, e.g. Urtica dioica, Pteridium 
aquilinum, Chamaenerion angustifolium and Petasites hybridus by Grime (1979), Solidago 
and Aster species by Bazzaz (1996) and Calamagrostis epigejos by Fiala (2001). The long-
lived perennial herbs form monospecific patches of a few to hundred individuals.

Sambucus ebulus L. was presented as a perennial plant with clonal growth and persistent 
connections between ramets (via rhizomes) (Eliáš, 1992). It is a herbaceous plant, in contrary 
to other Sambucus species, Sambucus nigra and S. racemosa, which are woody consistency 
(Bertová, 1985; Eliáš, 1986a; Helebrant, 1981). The shoots of the herb die back to ground 
level at the end of every growing season (Crawley, 1997; Eliáš, 1986b, 1997). 

Shoot biomass, population structure, dynamics and ecology of S. ebulus L. have been 
studied in SW Slovakia for several years (Eliáš, 1978b, 1981, 1992, 2002, 2003; Slížová, 
2002, 2003, 2004; Slížová, Eliáš, 2003). The data on the belowground biomass of S. ebulus 
presented in this paper were not yet published.

This paper deals with size structure of rhizomes and belowground biomass of the clonal 
plant species in SW Slovakia. 

Material and methods

Plant material

Sambucus ebulus L. is a rhizome geophyte, it avoids environmental stressors by die-back of their above-ground 
parts and survives by means of belowground storage organs. The plant forms dense stands arising from an extensive 
belowground rhizome system which is differentiated into two major components. Longer and thinner rhizomes in 
deeper soil layers are capable of rapid elongation, and they did not produce ramets. Shorter and thicker rhizomes 
are major storage organs and they produced above-ground shoots (Slížová, Eliáš, 2003). Fig. 1 shows a segment 
of rhizome system structure of S. ebulus L. from a stand in L1 (September 27, 1975, Báb). The species produces 
every year more aboveground shoots (ramets) than can survied to close occupied area by its leaf-canopy (Eliáš, 
1992) and this over-production resulted in high mortality of young shoots in early summer and summer months 
(Eliáš, 2003). 

The plant can reproduce by asexual (vegetative) reproduction as well as by sexual (generative) reproduction. 
Vegetative reproduction is represented through rhizomes – the plant forms a system of polycormons. One stand 
(a patch) can be formed by one or more polycormons; it means a pure dense stand originated from one or more 
genets. All survived canopy forming plants (ramets) in the stand produced flowers in inflorescences and also 
many fruits (Eliáš, 1979, 2002). 
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Research sites and plant stands

Belowground organs of S. ebulus L. were 
studied in two localities in SW Slovakia, 
Central Europe. Locality 1 (L1) was Báb, 
ruderal habitats at former I.B.P. Forest 
Research Area at Báb near Nitra. For 
more detailed information on geographi-
cal position, climate and soils on L1 
see Jurko, Duda (1970) and Biskupský 
(1975). Locality 2 (L2) was Bratislava, 
ruderal habitats near the buildings of the 
Institute of Botany,  Slovak Academy of 
Sciences, at Dúbravská cesta, in Bratis-
lava-Patrónka. For general information 
on Bratislava, the capital of Slovakia, see 
web page www.bratislava.sk. 

The plant stand in L1 was located in 
arable land, in a transitional area between 
two agricultural blocks. The stand in L2 
was grown on old deposit of arable soil 
near the building of the former Dept. of 
Ecology of the Institute. The stands were 
characterized by the dominance of S. 
ebulus L. and presence of relatively few 
other accessoric species. The uniform, 
nearly pure stands with high density of 
the dominant belong to the association 
Artemisio-Sambucetum ebuli (F e l f o l d y 1942) E l i á š 1979 (Eliáš, 1978a, 1986c). For classification of the 
plant communities dominated by Sambucus ebulus L. see paper of Eliáš (1986c). 

Estimation of rhizome size structure 

The biomass of belowground organs of Sambucus was estimated in September 1975 (L1) and September 1981 
(L2). Destructive, excavation method was used to estimate size structure of rhizomes and biomass of belowground 
organs (Bohm, 1979). Plots of 1x1 m were selected randomly within the monodominant stands of Sambucus 
ebulus L. for biomass excavations from soil profiles. All living parts of plants in the plots were excavated up to 
0.4 m deep in soil and more if it was necessary (according to the penetration of rhizomes into the substrate). The 
collected rhizomes (and other understory plant parts) were taken into the laboratory in Báb and/or in Bratislava, 
respectively, for washing and sorting. 

Diameter (in mm) and length (in cm) of the rhizomes segments were measured by meter. The rhizomes were 
categorized into five rhizomes size classes. The diameter class interval was 3 mm in L1 and 5 mm in L2. The 
rhizome diameters varied in L1 a L2 from less than 3 and 5 mm to more than 14 and 20 mm, respectively. 

Estimation of belowground biomass and resource allocation

All excavated plant material (rhizomes, roots, shoot base parts) was oven-dried at 75–80 oC for 24 hours in laboratories 
in Báb and/or Bratislava to estimate the belowground biomass. The dry mass is given in g m–2 (Eliáš, 1978b).

Investment of assimilates in root or shoot biomass was expressed by root : shoot ratio (R/S ratio). The term 
“root“ is used for rhizomes and/or for all belowground organs (including rhizomes, roots and belowground-sub-

Fig. 1. Morphology (structure) of belowground organs (rhizomes and 
roots) of Sambucus ebulus presented by a segment excavated from 
a dense stand at Báb near Nitra, SW Slovakia (September 27, 1975). 
Two horizontal levels of rhizomes and a vertical rhizome connected 
with base of an above-ground shoot are shown.
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terranean parts of stems/shoots). R/S ratio was, therefore, calculated as ratio of belowground biomass to above-
ground (shoot) biomass. 

Root weight fraction (RWF) was calculated as root dry weight per total plant dry weight. The term “root“ is 
here used for rhizomes.

Specific rhizomes lenght (SRL) is ratio of lenght to weight. It expresses rhizome lenght per unit weigth of 
rhizomes in cm g–1. It is calculated by the same way as specific root lenght (Crawley, 1997).

Results and discussion

Population density

Stand density, i.e. total number of Sambucus ebulus L. shoots per square meter in the stands, 
varied from 12 shoots in L1 to 18 shoots in L2. The shoot length varied between 1.5 and 
1.9 m in L1, and 1.2 and 1.5 m in L2. A seasonal peak of the above-ground (shoot) biomass 
varies from 0.57 to 1.5 kg. m–2 (Eliáš, 1978b, 1983, 1992).

Rhizome size structure

Fig. 2A,B show size structure of rhizomes by dry biomass, and Fig. 3 size structure in 
length of rhizomes in two localities in SW Slovakia. By dry mass, the most frequent were 
rhizomes with diameter larger than 10 mm in L1 (Fig. 2A) and 15 mm in L2 (Fig. 2B). 
Larger, thicker rhizomes accumulated more biomass, in comparison with thinner rhizomes 
(smaller diameters). 

By length of rhizomes, the most frequent were rhizomes with smaller diameters (thin-
ner rhizomes). The rhizomes were longer than rhizomes with larger diameters in the same 
plots (Fig. 3). Total length of rhizomes in L2 was 2.9 m m–2 . Mean specific rhizome length 
(SRL) for the plot was 2.8 cm g–1. SRL values increased from lowest size category to the 
largest category.

Belowground biomass

 In the stand investigated, the dry biomass of Sambucus ebulus rhizomes varied from 0.63 
kg. m–2 in L2 to 1.02 kg. m–2 in L1. The ratio of belowground to total above-ground dry 
mass was highly variable (1.08 to 1.4). This amount is similar to biomass of an edificator 
in litoral communities: R/S ratio in pure stands of clonal plants forming dominated com-
munities often exceeds 1, especially in mature invasion stand of Phragmites australis (Fiala, 
1976). High rhizome weight fraction (RWF) indicates the importance of rhizomes in the 
dominance of the edificators.

“Over-production“ of ramets in Sambucus ebulus populations can be a result of life 
strategy to form, by fast and more or less synchronized growth of individual ramets, closed 
dense canopy to persist in the occupied habitats – sites during the following growing season. 
Some of the produced ramets in the dense stand grow slowly (in shade of dominated plants) 
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Bratislava 1981
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Fig. 2A. Size structure of rhizomes in population of Sambucus ebulus L. forming a monodominated stand in Báb 
near Nitra, SW Slovakia. Rhizome size is expressed in diameter of rhizomes. Frequency of the size categories 
is given in dry mass.

Fig. 2B. Size structure of rhizomes in population of Sambucus ebulus L. in a monodominated stand in Bratislava, 
SW Slovakia. Rhizome size is expressed in diameter of rhizomes (size class interval is 5 mm). For other legend 
see Fig. 2A.
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and some died later. The plant allocated large amount of assimilate into belowground organs 
(Shoots:“roots“ ratio is close to 1.4, Eliáš, 1992). 

Success in competition with other plant species for space and other sources and a long-
term persistence on one site, as well as colonization of neighbouring areas, have a higher 
priority than internal control of meristematic activity and production of above-ground shoots. 
That is the difference from model clonal plant species (Herben et al., 1994; Fiala, 2001).  

In colonizing populations of the species self-thickening of the population is not such in-
tensive to be caused self-thinning. The plants form long belowground shoots which penetrate 
neighbouring communities and/or disturbed areas (Eliáš, 1998; Slížová, 2004). 

Conclusion

In dense stands of Sambucus ebulus L. studied in SW Slovakia a diameter of the domi-
nant-plant rhizomes varied from less than 3 mm to more than 20 mm. In size structure 
thicker rhizomes prevailed by dry biomass. But if the frequency is expressed in length of 

Fig. 3. Size structure of rhizomes in population of Sambucus ebulus L. in a monodominated stand in Bratislava, 
SW Slovakia. Diameter (in mm) and length (in cm) of rhizomes, Bratislava, 1981. Frequency of the size categories 
is given in dry biomass as well as in length (in cm) of rhizomes.
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rhizomes thinner rhizomes were more frequent. Total length of rhizomes in L2 was 2.9 
m m–2. Specific rhizome length (SRL) was 2.8 cm g–1. In the stand investigated, the dry 
biomass of Sambucus ebulus rhizomes varied from 0.63 in L2 to 1.02 kg. m–2 in L1. The 
ratio of belowground to total aboveground dry mass was highly variable (1.08 to 1.4). High 
rhizome weight fraction (RWF) indicates the importance of rhizomes in the mechanism of 
dominance of the edificator.

Translated by the author
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