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A fi rst step in grassland restorati on 
and establishment, and an impor-
tant factor for restorati on success, 
is the site assessment and site 
preparati on of receptor sites. For 
successful species introducti on into 
species-poor grassland, competi ti -
on with already existi ng vegetati on 
must be decreased with specialized 
machinery (e.g. curry comb, harrow, 
rotary hoe, rotary strip seeder, fl ail 
chopper). Complete destructi on of the sward can be reached via ploughing. 
Several assessments showed that the stronger the interventi on and distur-
bance of the sward, the higher the rate of successful species establishment. 

Restorati on of semi-natural grass-
land has been successfully realized 
on many diff ering sites for many 
years all over Europe. Restorati on 
success strongly depends on dif-
ferent factors: suitable site prepa-
rati on of receptor sites, selecti on 
of the opti mal restorati on method 
and target community, and the 
implementation of a proper ma-
nagement. Using seeds of regional 
provenance for the establishment of species-rich grasslands contributes to 
the enhancement of the biological diversity in the region. The developing 
species-rich grassland can fulfi l several ecosystem services such as water 
retenti on, carbon sequestrati on and oxygen producti on. In additi on, species-
rich grasslands are an important part of our cultural heritage, enriching the 
quality of life in the region. For further informati on see Scott on et al. (2012). 

Site preparati on of receptor sites

Introducti on
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Turning of the soil via ploughing or 
rotary hoeing is a standard method 
for the restorati on of former arable 
land. These soils are generally cha-
racterized by a high concentrati on 
of soil phosphorous or other nutri-
ents. One simple but ti me consu-
ming method to impoverish the soil 
is a one to two years lasti ng crop 
production without fertilization. 
Sites with very high nutrient- and 
weed-infested topsoil can be very 

positi vely infl uenced by preliminary deep ploughing or topsoil inversion. 
Nutrient-rich soil layers are buried and at the same ti me nutrient-poor sub-
strate is turned up. Deep ploughing or topsoil inversion can be restricted by 
soil protecti on laws. Timely harrowing of soil under dry conditi ons fosters 
the germinati on of weeds, thus depleti ng the soil seed bank which can then 
be controlled mechanically. 

Especially on uniform, exposed are-
as and raw soil with extreme site 
conditi ons (e. g. in mined areas), 
restorati on success can be impro-
ved by the creati on of safe sites for 
germination and establishment. 
Besides structuring with troughs, a 
rough surface can be formed with 
large stones or vegetation frag-
ments (grass sods, bushes, etc.). 

Sowing of nurse plants or applicati on of a mulch layer can also facilitate 
colonizati on and establishment of introduced species. 
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Selecti on of restorati on method and target vegetati on

The selecti on of a suitable restora-
ti on method depends on the given 
aim (e.g. compensation, nature 
conservati on, erosion preventi on, 
recreati on) and the specifi c starti ng 
conditions (raw soil, arable land, 
degraded grassland). Availability of 
machines and material, practi cality, 
costs, possible subsequent use and 
expected maintenance must to be 
taken into account. The selecti on 
of appropriate target vegetati on also depends on the specifi c site conditi ons, 
especially nutrient status and hydrology, but moreover on specifi c restorati on 
targets. 
For compensati on measures and resti tuti on of Natura2000 sites and nature 
conservati on areas specifi c plant communiti es of high nature value must be 
established. The use of regional material of high quality regarding the number 
and share of target species is mandatory to develop plant communiti es with 
a typical species assembly. For this purpose, directly harvested seed mixtures 
from nearby donor sites with comparable site conditi ons are most suitable. 
If restorati on aims at the resti tuti on of landscape functi ons (e.g. biotope con-
necti vity, habitats for animals), the developing vegetati on must fulfi l specifi c 
needs (e.g. for target animals), thereby contributi ng to the enhancement of 
biological diversity and biotope connecti vity in the region (e.g. fi eld margins). 
To reach this goal, suitable target plant species and communiti es must be se-
lected, with restorati on material coming from donor sites in the region or from 
regional seed propagati on. 
If re-vegetati on follows infrastructural interventi ons, it must be ensured that 
site-specifi c species from regional provenance and propagati on are used to 
protect regional ecotypes and sub-species and guarantee fast vegetati on de-
velopment and erosion control. In this case, it is not necessary to focus on the 
establishment of rare and endangered plant species.
If restorati on aims on recreati on and enhancement of quality of life, the main 
focus should lay on aestheti c demands (rich in fl owers, diverse in structure) 
and low maintenance costs, but it must be ensured that site-specifi c species 
are selected and seeds from regional provenance and propagati on are used.
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Sowing seeds and seed mixtures
Seed mixtures can be composed 
of agriculturally produced indivi-
dual species or mixtures obtained 
through threshing, stripping or 
vacuuming directly from natural ve-
getati on. The seed rate (related to 
the available pure seed in the resto-
rati on material) should be between 
2 and 5 g m-². Even with extreme 
site conditi ons (e. g. mined areas), 
the recommended seed rate shows 
very good results. On extreme sites 
in high mountains, the sowing rate 

may be increased to up to 15 g m-². Impure seed mixtures can be sown with 
an amount up to 25 g m-², whereby the actual amount of seeds used should 
range within 2000 to 5000 seeds per m². 

Seeds should only be sown on the surface and not worked in. Aft erwards, 
they can be fi xed to the soil through fi nal rolling with a corrugated roller 
(prismati c roller, Cambridge roller, etc.). 
In the case of manual or hydro-sowing, corrugated rollers also can be used 
before sowing to create a structured surface. Sowing of seeds and seed mix-
tures can be realized with the following techniques: 

• Manual sowing 
• Sowing by means of sowing and spreading devices
• Over-sowing 
• Rotavator sowing 
• Wet sowing or hydro-sowing 

Guidelines for restorati on of species-rich grasslands

Descripti on of restorati on methods
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Spreading seed-rich biomass
Apart from spreading a layer of 
mulch for the purpose of erosion 
protecti on, the main aim here is the 
transfer of seeds contained in hay. 
Thus, the volumes necessary for 
restorati on are calculated primarily 
according to the seed content of 
the fresh or dried hay. Assessment 
is not easy especially with fresh 
cuttings, because the amount of 
seeds is dependent on the type of 
vegetati on, ti me of harvesti ng and seasonal weather conditi ons. Additi onal 
sowing with a mixture of site-specifi c seeds from regional propagati on is 
recommended when the seed content is low or target species are missing. 

The rati o of the donor area to the applicati on area is dependent on biomass 
producti on, seed content and erosion risk. It varies between 1:2 (e.g. vegeta-
ti on with high biomass producti on and high seed content) to 8:1 (low-growing 
vegetati on with low coverage, e.g. dry grasslands). On areas endangered by 
erosion or desiccati on, 1-2 kg of fresh biomass per m² (= applicati on height 
5-10 cm) is recommended. 

Because the seed potenti al in green hay is usually very high, the amount can be 
reduced to 0.5-1 kg of fresh biomass m-² (applicati on height 3-5 cm) on areas 
not endangered by erosion. If fresh material is used, it adheres to the surface 
when it is drying. Hay on the other hand must fi rst absorb moisture (rain, 
dew) and subsequently dry on the surface. In general, fi ne material should 
be spread in shallow layers, because putrefacti on processes can otherwise 
set in. Diff erently harvested seed-rich material can be used in restorati on: 

• Green hay
• Hay
• Hay-fl owers
• Raked material

Guidelines for restorati on of species-rich grasslands
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Special techniques for protecti on against erosion and drying out
Sown areas can be protected against 
wind and water erosion as well as 
desiccation with various organic 
materials, such as green hay, hay 
or straw, that are as seed-free as 
possible. A signifi cant protecti on 
eff ect is the reducti on of the kineti c 
energy of raindrops. 
The quality of the mulch materials, 
especially the carbon/nitrogen 
(C/N) ratio, plays a decisive role 

for plant development. Above all on nutriti on-poor soils, structurally-rich, 
long-stalked material with a similar C/N rati o (e.g. herb-rich meadow cut-
ti ngs) is more favorable than, for example, straw, because nitrogen is used 
by micro-organisms when the straw decomposes and is not available to the 
developing vegetati on. With the use of straw layers on nutriti on-poor soils, 
the additi on of a slight amount of organic ferti lizer is thus recommended to 
enable opti mum vegetati on development. If on the other hand fresh green 
hay or hay is used, the establishment of the germinati ng seedlings is fostered 
through nutrient release through decompositi on. Moreover, microorganisms 
and small animals are transferred, which promote the organic material cycle 
and development of the soil. 
For opti mum growth, the depth of the mulch layer should not exceed 3-5 cm. 
Thick mulch layers enhance the growth of grasses and impede the develop-
ment of many herbs. The ideal spreading volume is 500-700 g dry weight m-² 
in dry climates, and 300-500 g dry weight m-² in moist climates. In general, 
the following methods can be recommended as protecti on against erosion 
and drying out:

• Mulch sowing (cover sowing)
• Mechanical mulch sowing
• Cover-crop sowing, nursery sowing
• Mulch sowing with the use of organic biodegradable geotexti les
• Winter sowing 
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Restorati on with site-specifi c plant materials 
Planti ng of individual species or the 
use of turfs and overburden is gene-
rally more extensive and therefore 
cost-intensive than, for example, 
hay transfer or mulch sowing. But 
with criti cal site conditi ons, it of-
fers the advantage of a shortened 
development time and skips the 
especially sensiti ve germinati on and 
juvenile stages:

• Planti ng of individual species
• Grass sods/turfs
• Sod rolls
• Spreading of seed-rich topsoil

Natural succession
Areas not endangered by erosion 
and connected to potential seed 
sources are colonized depending 
on site conditi ons and spontaneous 
successional processes. Important 
is the selecti on of suitable areas, 
which in respect of size, locati on, 
substrate and relief heterogeneity, 
as well as spati al and/or functi onal 
connecti on to seed sources, permit a specifi c degree of infl uence on the 
directi on and speed of development. On nutrient-rich sites with appropriate 
contact vegetati on, it must be constantly ensured that problem species (e.g. 
invasive neophytes, strongly competi ti ve ruderal species) are not allowed 
to spread uncontrolled into the areas. Through a combinati on of acti ve spe-
cies introducti on and spontaneous colonizati on processes (“free power of 
nature”), structure- and species-rich vegetati on can develop, especially on 
nutrient-poor or raw soil.
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Restorati on is not only the initi al 
set of interventi ons on the surface 
to be restored, but a more or less 
lasti ng, acti ve process. In general, 
we have to distinguish between 
the establishment phase and the 
regular management of the sites. 
Proper management during the es-
tablishment phase is mandatory for 

restorati on success. During the fi rst months/years aft er the initi al interventi on, 
management must aim at facilitati ng establishment and spread of species sown 
and on achieving an eff ecti ve anti -erosion cover on sites prone to erosion.

Management during the establishment phase
During the establishment phase, a 
combinati on of mowing and subse-
quent grazing, as well as year-round 
grazing, can enhance establishment 
and spread of target species. On 
newly created grassland sites, gra-
zing must wait unti l suffi  cient soil 
consolidati on is reached. This may 
be 1-2 years aft er implementati on 
depending on site conditi ons and 
weight of the grazing animals. If 

invasive neophytes (e.g. Impati ens gladulifera, Solidago canadensis, Fallopia 
sachalinensis, Bunias orientalis) or other unwanted plants are immigrati ng 
into the sites, specifi c management is necessary: single plants can be removed 
by hand, small patches e.g. by covering with a black foil. Ulti mately, selecti ve 
spraying with an herbicide (glyphosate) may be taken into considerati on. 
In establishing species-rich grasslands on nutrient-poor raw soils, manage-
ment eff orts at the beginning of development are usually low compared to 
nutrient-rich and weed-infested former arable land. Mowing is recommended 
only if problemati c and competi ti ve species are immigrati ng into the sites. 

Management aft er restorati on



11

Guidelines for restorati on of species-rich grasslands Guidelines for restorati on of species-rich grasslands

Especially on sites with mulch cover, pioneer woodland species in the close 
vicinity may colonize quickly, thus requiring management in the second year. 
If nutrient-rich grassland topsoil is spread on raw soils with thicker layers, 
mowing once or twice a year may be necessary for weed control.
On former arable land and fallows, 
management is mandatory already 
in the fi rst year aft er restorati on 
(implementati on in spring) or the 
following year (implementati on in 
autumn). Especially on former ara-
ble land, the germinati on of weeds 
from the soil seed bank as well as 
the immigrati on of invasive species 
from adjacent sites can hamper the 
establishment of target grassland species. The fi rst cut is necessary as soon as 
the vegetati on is closed and the ground is not visible any more. Depending on 
the producti vity of the sites, cutti  ng frequency can be increased up to three 
or four cuts per year. At this ti me, target species are mostly in a rosett e or 
juvenile stage and will not be damaged by mowing. Even if target species are 
already fl owering at the ti me of cutti  ng, the cut enhances their vegetati ve 
and root development. Weeds are not resistant to mowing, so that the ma-
nagement will constrain their development very eff ecti vely. 
For restoring degraded grasslands, disturbance of the grass sward is most 
important. Management during the establishment phase should focus on 
combati ng the spread of re-growing 
grasses and germinating weeds 
from the soil seed bank. On highly 
producti ve sites, biomass removal 
is recommended to lower compe-
tition as well as to decrease the 
nutrient level of the site. A cutti  ng 
height of approximately 10 cm avo-
ids disturbance of the developing 
target vegetati on.
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Transiti on to regular management
When development leads in the 
direction to the intended target 
community, regular management 
can be started in the second or third 
year. The management type must 
be chosen according to the produc-
ti vity of the site and the intended 
target vegetati on. 
Mowing is oft en the best opti on to 
maintain a species rich semi-natural 
grassland. The frequency and ti me 

of mowing and ferti lisati on must be selected according to the standard 
management of the target vegetati on. On nutrient-rich soils, a low cutti  ng 
frequency and too late cuts should be avoided in order to prevent grass 
dominance. Traditi onal hay-making without ferti lizati on is best suited for 
maintaining a high species diversity on these sites, as it tends to decrease 
the soil nutrients content and, at the same ti me, favours target grassland 
species. As mowing is non-selecti ve, it also bett er controls unpalatable inva-
sive species than grazing.

Grazing is an important manage-
ment tool for keeping grassland free 
of shrubs and trees and to maintain 
biodiversity in steep or irregular 
sites. Under favourable climate 
conditi ons, all-year megaherbivore 
grazing with low stocking density is 
an eff ecti ve tool to develop species-
rich plant and animal communiti es. 
Extensive grazing has positi ve im-

pacts on semi-natural grasslands and, as post-restorati on management, has 
other important benefi ts, such as cultural and aestheti c values. Above the 
ti mberline, where the rough climate prevents shrubs and trees colonisati on 
and the low ferti lity slows down plant growth, no management and exclusion 
of domesti c herbivores can also be a good soluti on, as grazing can further 
slow down or damage the development of vegetati on and enhance erosion. 
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Impressum
Further informati on about restorati on of species-rich grasslands as well as 
a comprehensive literature review about this topic can be found in: 
Scott on M., Kirmer A. and Krautzer B. (eds.) (2012) Practi cal handbook for 
seed harvest and ecological restorati on of species rich grasslands. Published 
by Cleup, printed by Wallig Austria, 116 p. 
The book and downloads are available under www.salvereproject.eu
The Guidelines are an Output of SALVERE, a project implemented through 
the CENTRAL EUROPE Program and co-fi nanced by the European Regional 
Development Funds.  
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