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Introduction 

Today, salt marshes are considered to be the smallest ecosystems in Europe (Stock et al., 1997). 
In former times salt marshes were very extensive, functioning as a transitional belt between the 
sea and the terrestrial habitats. The Baltic Sea is a vast brackish sea, connected with the North 
Sea by a narrow transition channel. The vegetation of the Baltic coasts is very complex because 
of gradients in salinity, climate, exposure and water level fluctuations (Dijkema, 1990). Salt 
marshes contain a wide variety of rare and protected species (flora and fauna), they function as a 
natural nutrient sink and prevent erosion of the coastal area. The marshes also serve as important 
feeding grounds for migratory birds (e.g., geese and cranes). 

Large areas of the Baltic Sea marshes have been claimed for agricultural and other uses 
connected with human settlement (Dijkema, 1990; Stock et al, 1997; Lutz, 1996; Jeschke, 1987; 
Kowatsch et al, 1998). These land uses include building dikes, draining, equalizing, tilling, 
fertilizing and repeated reseeding of the turf. The coast of Mecklenburg-Vorpommern (Germany) 
originally consisted of 30,000 ha of salt marsh. From this area, only 10% still exists (Holz and 
Eichstädt, 1993). Since the beginning of the 1990s, efforts have been made to restore salt 
marshes along the coasts of Mecklenburg-Vorpommern. Restoration has included demolishing 
dikes, closing drain tiles, re-establishing natural waterways and grazing management with 
domestic cattle.  

This paper is based on the case study "Karrendorfer Wiesen", which is a pilot project for the 
southern coast of the Baltic Sea. The restoration was started in 1993. The area is protected by the 
Ramsar Convention (1978) and by the Helsinki Convention (1992). The restoration area is a 
brackish saltmarsh on a eutrophic coastal flooded bog (Succow, 1988), which was created by 
cattle grazing since the 13th century (Lampe und Wohlrab, 1996). As a result, the salt marsh 
vegetation replaced reedbeds (Phragmitis australis). The area covers 350 ha and its elevation is 
between – 0.7m and 3.0m above sea level. The mean value of the salinity of the water is 7‰ and 
the water level fluctuation is only 0.02m. Typical high and low water events are aperiodic and 
wind dependent (Lampe and Wohlrab, 1996). Historically, this area was also intensely used for 
agriculture. The result was a degradation of the peat soil and of the dominant vegetation. 

A few years after the start of the restoration, the area shows a mosaic of different kinds of 
vegetation in various succession stages (Müller-Motzfeld and Holz, 1996). The salt marsh 
supports plants protected by the Red List of Mecklenburg Vorpommern (Fukarek, 1991). The 
target community for this area and elevation is Juncetum gerardii , i.e., vegetation dominated by 
Juncus gerardii. The Juncetum gerardii community is the most important shore community of 
northern Europe. It is rich in species and is dependent on grazing. Without grazing it would be 
replaced by Phragmitis australis (Dijkema, 1984). The target community for this area and 
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elevation is composed of the following species: Juncus gerardii, Triglochin maritimum, Glaux 
maritima, Plantago maritima, Plantago winteri, Leontodon autumnalis, Trifolium fragiferum, 
Lotus tenuis, Centaurium littorale, Centaurium pulchellum, Carex distans (Seiberling, 2000, 
personal communication). 

Juncetum gerardii vegetation could develop in the lower geolittoral (0–30 cm above sea level). 
Until recently, it could not readily properly in the upper geolittoral (50-70cm above sea level) 
because Elytrigia repens occurs here in nearly pure stands, which reach heights up to 1.0 m 
(Seiberling, 2000, personal communication). Elytrigia repens was able to dominate due to high 
nutrient levels (caused by organic matter deposition during high water) and less frequent 
flooding in the upper geolittoral than in the lower geolittoral. Due to the abundance of Elytrigia 
repens, no spots of bare soil occur, which are necessary for the establishment of a salt marsh 
vegetation (Bakker, 1989). 

Biology of Elytrigia repens 

Elytrigia repens was previously named Agropyron repens, Triticum repens and Elymus repens 
(Battle, 1998). The plant is illustrated in figure 1. Elytrigia repens is considered to be one of the 
worst weeds in the world (Holm et al., 1977). It is native to Europe and was spread by the 
European settlers to Australia, New Zealand, Greenland and to all temperate zones of Asia, 
North America and South America. The use of infested bromegrass seed, hay and straw were the 
main causes for its distribution (Battles, 1998). The grass invades mainly disturbed areas and is 
common in agricultural fields, roadsides, waste places, abandoned fields, fallow land, prairies 
and margins of rivers. Elytrigia repens can grow on many soil types from light to heavy and is 
found on organic and chalk based soils. This grass cannot tolerate a low pH (<4.5) nor can it 
grow on exposed rock faces (Holm et al., 1977). Elytrigia repens has a high salt tolerance and 
can stand salt concentrations of 70-95mg/100g of soil (Tesu et al. 1972 In: Battles, 1998), which 
supports its abundance in the upper geolittoral of salt marshes.  

Elytrigia repens is a cool season grass and prefers areas with moderate rainfall. The optimum 
temperatures for growth are between 20-25 degrees Celsius, with no growth occurring above 35 
degrees Celsius or below 2 degrees Celsius (Evans et al.,1987 and Majek et al., 1984 In: 
Johnston and Smith, 1995). It is a perennial grass and reproduces by seeds and rhizomes. Table 
1. shows the vegetative and the generative ways of reproduction. 

Seed production depends on soil fertility, moisture, light intensity and crowding by other plants. 
Seeds can germinate when conditions are favorable (alternating temperatures between 20 and 30 
degrees Celsius, moisture and light availability, and burial depth < 5cm). The production of seed 
is relatively low compared to other plants and can vary between 15-400 seeds per plant stem, but 
commonly 25-40 (Appleby, 1999; Battle, 1998). Buried seeds can remain viable up to 4 years, 
but most have a shorter life span. The seed can also pass through the digestive tracts of sheep, 
cattle and horses, but not swine (Appleby, 1999). Elytrigia repens is a cross pollinator and 
therefore has the ability to form many biotypes (Battle, 1998; Mercer, 2000). Seeds are only a 
minor contribution to the spread of Elytrigia repens.  
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Most of the spread of Elytrigia repens comes from rhizomes. Rhizomes renew from axillary 
buds at the base of the aerial shoots. Apical dominance in the rhizomes is very strong and causes 
dormancy of the rhizome buds. This dormancy can be broken by cutting the rhizome. The 
transformation of the rhizome tip into an aerial shoot occurs at any time in the growing season 
when the parent plant is disturbed by grazing or by other agricultural practices. A detached 
rhizome, even when it is only 1cm, is able to develop aerial shoots from the terminal and axillary 
buds. The rhizome system is generally less than 15cm deep (Appleby, 1999). 

 

Figure 1. Elytrigia repens: A: Inflorescence. B and C: Spikelet. D: Seed. E and F: Junction of 
leaf sheath and blade. G: Rhizome. H: Aerial shoot (illustration is not according to scale). 

When this grass colonizes a new area, it first appears in clumps. When these clumps are 
undisturbed, they form larger patches and later pure stands (Holm et al.,1977). An excavation of 
an entire plant after one growing season showed: the diameter of the rhizome spread was 3.3m; 
14 rhizomes, with a total length of 135m, had grown from the original plant; 206 aerial shoots 
had been produced and 232 additional growing points were found on the rhizomes. In total, 440 
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new branches developed from one parent plant (Raleigh et al. 1962 In: Holm et al., 1977). 
Rhizomes in pure stands may live for several years (Holm et al. 1977). 

Compared to plants developed from seeds, plants developed from rhizome pieces are stronger 
and require less time to produce tillers and rhizomes (Hakansson, 1969 and 1970 In: Holm et al., 
1977). Plants developed from rhizomes also produce more rhizome branches and aerial shoots 
(Holm et al., 1977). 

Table 1. Vegetative and generative reproduction of Elytrigia repens under undisturbed 
conditions in the northern hemisphere. 

Time Vegetative Generative 

March Active growth of aerial shoots from the 
rhizome tips 

Germination of seeds depends on 
temperature and can happen from 
March until May 

New rhizomes start to develop after the 
tillers are mature 

April   After five aerial shoot leaves the flower 
is created 

June Aerial shoots grow during the summer Flowers emerge throughout the summer 

Aerial shoots grow during the summer 

July Rhizomes produce lateral rhizomes from 
axillary buds (this happens only when the 
rhizome is connected with the parent 
plant) 

  

August-
October 

Rhizome growth is terminated during 
this period 

Seeds are ripening and dropping 

Autumn Aerial shoots are formed out of rhizome 
tips (shoots contain two or three aerial 
leaves) 
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Many times reports indicate that rhizome and aerial shoot growth is reduced when, the soil is 
compacted, the burial depth > 30 cm, and the rhizomes are close to the surface. Shade can reduce 
the number of shoots and decrease shoot and rhizome dry weight. Rhizomes and roots are 
seldom harmed by freezing unless they are exposed to the surface by tillage. An undisturbed 
plant can stand long periods of drought (e.g., summer drought) depending on the soil type and 
condition (Palmer and Sagar, 1963). Soil moisture content of 2% has a heavy damaging effect 
after one week and is lethal after 4 weeks. The rhizomes have a normal moisture content of 60-
80% and lose their viability at about 16% (Hakansson and Jonsson 1970 In: Holm et al. 1977). 
Nitrogen stress causes reduction of the tiller emergence and consequently a reduction in 
secondary rhizome growth. 

Elytrigia repens is highly competitive with numerous cultivated crops and often takes up over 
50% of the available N, P and K of the soil (Appleby, 1999). It can reduce yields up to 85% in 
Zea mays and 30-70% in Avena sativa. In abandoned fields, it is capable of producing 90% of 
the biomass (Battle, 1998). Elytrigia repens is also known to have allelopathic properties, 
however, investigations showed different results. Rhizomes are reported to secrete a toxic 
substance which inhibits the germination of seeds, inhibits plant growth, and therefore enhances 
the competitive ability of Elytrigia repens (Palmer and Sagar, 1963). While Welbank (1960 In: 
Holm et al. 1977) did not find a secretion of toxic substances from the roots of Elytrigia repens. 
However, toxic substances have been found in roots, rhizomes, stems, and leaves in both old and 
young plants (Holm et al. 1977; Sikkema and Dekker, 1987; Friebe et al., 1995). 

  

Management techniques and their effectiveness 

From agricultural practices Elytrigia repens can be controlled by tillage to dry out the rhizomes 
or to let them freeze, by cutting and grazing, by cover crops, by burning, and by chemical 
treatment. Alternative techniques which are currently being investigated include allelopathic 
plants and fungal treatments (e.g., with Puccinia spp.) (Moreno, 2000, personal communication). 

Tillage: Repeated tillage reduces carbohydrate reserves, that are stored in the rhizomes, and 
exposes them to the soil surface. The exposed rhizomes will freeze in winter or desiccate in 
summer. This technique is traditionally practiced in cropping fields as in grasslands. Frequent 
tillage operations are required to achieve an adequate control (Werner and Rioux, 1977 In: Reidy 
and Swanton, 1994; Hakansson, 1969 In: Holm et al., 1977). Tillage operations in very early 
spring find rhizomes most susceptible to desiccation (Holm et al., 1977; Dexter, 1937, 1942 In: 
Reidy and Swanton, 1994). However desiccation alone is not enough to reduce the regenerative 
capacity of the rhizomes, resulting in effective control. Due to concerns over degradation of the 
soil structure and increased erosion, excessive tillage is no longer recommended as a control 
(Reidy and Swanton, 1994). Furthermore a normal tillage intensity supports the distribution of 
Elytrigia repens (Battle, 1998). 

Further degradation of the peat soil has to be prevented in this ecosystem. The local government 
created a set of rules, which describe the allowed management practices for salt marshes. These 
include the prohibition of tillage (Umweltministerium, 1993). 
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Cover crops: The use of cover crops (e.g., grass-legume mixtures, rye) is a potential 
management practice for controlling Elytrigia repens, which is used mainly by agriculture. It is 
important, that the cover crop remains during the whole growing season. A removing of the 
cover crop (harvest) during the summer leads to a fast re-establishment of Elytrigia repens 
(Holm et al., 1977). The use of cover crops may work theoretically, but it is questionable 
whether it is possible to eliminate the crop from the restoration site. For the investigated area the 
use of cover crops is not relevant, because any disturbance (seed bed preparation) of the soil is 
prohibited. 

Burning: A traditional control measure in crop fields was harrowing, raking and burning 
Elytrigia repens during the fall periods (Palmer and Sagar, 1963). Burning is a common 
management technique in prairies and oak savannas, with various results (Crawford, 2000, 
personal communication). Because of its rhizomes, Elytrigia repens is adapted to certain 
seasonal fires. Late spring fires generally reduce abundance, while early spring fires increase it 
(Johnston and Smith, 1995). Burning on a biennial schedule for several years was effective in 
eradicating Elytrigia repens in prairies (Anderson, 1973 and Bailey, 1978 In: Johnston and 
Smith, 1995).  

Salt marshes are not generally regarded as particularly flammable. Fires occur, however, mainly 
as a result of accidental ignition by humans or by lightning strikes (Hackney and De La Cruz, 
1981 In: Adam, 1990). In Europe, Juncus maritimus stands have been burned in attempt to 
control their spread; but these burns have been usually unsuccessful (Adam, 1990). However, the 
danger of burning on peat soils, as in the case study, is that the peat itself could burn when it is 
dry enough. Due to the risk of losing more peat and its uncertain results in controlling Elytrigia 
repens, this technique is not recommended. 

Chemical treatment: This treatment is used in nearly all agricultural fields. In use are 
nonselective herbicides, such as glyphosate (e.g., "Roundup"). Herbicides have to be applied 
before crops emerge or after they are harvested (Tardif and Leroux, 1991; Harker and 
O’Sullivan, 1993). In the presence of dicotyledonous crops, the use of herbicides of the 
aryloxyphenoxypropanoate (APP) or cyclohexanedione (HD) chemical groups (e.g., 
"Quizalofop") is recommended (Rioux et al. (1974), Dekker and Harker (1985), Ivany (1988), 
Trimmer and Linscott (1988) In: Tardif and Leroux, 1991). The success of the treatment depends 
on the growth stage of Elytrigia repens. Tillage per se increases the negative impact because 
rhizome buds are released from dormancy and therefore are more accessible to the herbicide 
action. Sometimes, however, chemicals are not effective (Johnston and Smith, 1995). The rules 
for management practices of salt marshes, which are created and supported by the government of 
Mecklenburg Vorpommern, exclude the use of chemical treatments. 

Grazing and cutting: This technique is mainly used in grasslands. Removing foliage (grazing or 
cutting) causes a carbohydrate loss from the rhizomes. It is often recommended to control 
Elytrigia repens by intensive use (cutting and grazing). Clipping Elytrigia repens is most 
effective when the foliage is removed to the ground level each 10 to 14 days (HOLM, 1977). 
According to investigations by Althausen (1900) In: Petersen (1988), it necessary to remove the 
foliage 20 times to eliminate the species. The palatability of Elytrigia repens is good for cattle 
and horses and good to fair for sheep (Dittberner et al., 1983 In: Johnston and Smith, 1995). The 
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growth stage influences the palatability of Elytrigia repens strongly. The palatability is reduced 
in older plants containing higher values of raw fiber. Another negative impact in pure stands of 
Elytrigia repens is the susceptibility for fungal growth (Erysiphe graminis, Puccinia graminis) at 
the bottom of the plants. Whether grazing or cutting is considered a better control measure 
differs extensively in literature. Cutting generally leads to a lower turf density and only partially 
compacted soil. In contrast, grazing promotes compaction of the soil, but is highly influenced by 
the livestock density and the kind of animals. Petersen (1988) recommends grazing with sheep 
because they graze the turf very short, and compact the soil intensively. Grazing can also 
contribute to a seed dispersal of Elytrigia repens, although this spread is not as significant as 
vegetative expansion. Cutting and grazing management practices are the recommended solutions 
for the case study and are supported by the government of Mecklenburg Vorpommern. 

  

Synthesis 

The salt marshes along the Baltic Sea were formed by inundation and extensive grazing. The 
target community "Juncetum gerardii" is dependent on grazing. Therefore grazing constitutes the 
main focus of management. According to research, Elytrigia repens has to be defoliated 
intensively (in time and quality) to control it. The species is sensitive to disturbance from early to 
late summer, when aerial shoots grow from rhizomes, but not in spring or autumn (Petersen, 
1988; Klapp and Opitz von Boberfeld, 1990). 

Currently, grazing management consists of permanent pasture (during the growing season), used 
by mother cows with a population density of 1 cattle/ha. Inundation and grazing promoted the 
establishment of salt marsh species at the lower geolittoral. To support the establishment of a salt 
marsh vegetation in the middle and upper geolittoral, the reduction of Elytrigia repens is 
necessary. In order to protect the established salt marsh vegetation, fences need to be put up 
around the pure stands of Elytrigia repens. Inside the fence, the grazing management must be 
intensive and outside the fence, extensive. Based on their grazing pattern and behavior, grazing 
with sheep or a combination of cattle and horses is recommended for the reduction of Elytrigia 
repens (Nitsche and Nitsche, 1994; Voigtländer and Jacob, 1987). A separation of the fenced 
area into several pastures is necessary to provide a grazing ground for a population density of 3 
to 5 cattle/ha. This system focuses on a short term grazing of 2 to 4 days per pasture (Nitsche and 
Nitsche, 1994). In case of residues after grazing and in times of high production (spring/early 
summer), cutting will enhance the effectiveness of this management technique. 

The effects of intensive grazing on the turf are depletion of carbohydrates, compaction of the 
soil, and creation of bare spots. This technique has to be applied over several years to be 
effective. The duration of the treatment can be different depending on the location within the salt 
marsh. It is necessary to evaluate the vegetation on a regular basis to determine if the grazing 
density has to be adjusted. The goal is a reduction of the grazing intensity toward extensive 
grazing, which enhances the establishment and diversity of salt marsh vegetation. 
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