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ABSTRACT

Sprangers, J.T.CM. 1999, Vegetation dynamics and erosion resistance of sea dyke
grassland. PhD. thesis, Wageningen Agricultural University, Wageningen, The
Netherlands, 167 pp.

The high erosion resistance of grass swards on clay dykes seems to be largely determined
by the amount of roots and the root system architecture. Following on previous studies on
river dykes which revealed high root densities and erosion resistance in unfertilised
pastures and hay-meadows, we experimentally investigated the influence of cessation of
fertiliser application in combination with different management regimes on factors
affecting water erosion of sea dyke grassland in the Netherlands. From 1991 to 1994 a
study was done on the botanical composition, vegetation cover, above- and belowground
biomass production (root density) and chemical composition of the soil and plant
tissue.The erodibility of the sward was tested in field and laboratory experiments, and
shear strength was measured. Unfertilised, species-rich grasslands were investigated as a
reference. After continuing the experiment till 1997, data on biomass production and
chemical composition in 1997 were analysed as well.

Three to four years after cessation of fertilisation we observed a slight increase in
species number (from 13 to 16 species per 25 m®), a decline in cover or abundance of
Lolium perenne and an increase of species of less nutrient-rich conditions. Also, a rather
rapid decline was detected in the aboveground biomass production from 9-10 tonnes dry
matter to 7 t ha'y” after 4 years, and subsequently to 5-6 t ha'y’ after seven years. Shifting
from grazing to haymaking without the use of fertiliser resulted in the most drastic drop in
biomass, reaching the level of the reference dykes. Together with the decline in biomass, a
drop in mineral nitrogen availability was measured . The total soil N pool, however, was
not changed. No decline in the cover of the vegetation (cut back to a height of 2 ¢cm) or
shoot density was found.

In the mown ftreatments on both pastures and hayfields, cessation of fertilisation
resulted in an increased root length and root weight, and lower shoot to root ratios,
Species-rich old meadows exhibited relatively high root length and root weight values, and
low shoot to root ratio's, and appeared to be characterised by a less steep decline of root
density with depth than the species-poor fertilised pastures. Pastures were observed to have
somewhat high specific root lengths (SRL, thin roots), and hayfields low SRL (thick roots),
except for the species rich hay-meadow, characterized by high SRL.

No seasonal fluctuation in root mass was measured in both fertilised pastures and
unfertilised old hay meadows, so that the root length fluctuation measured in both types is
caused by growth and decay of fine roots. Spatial variation in root weights seemed to be
higher in the floristically homogeneous fertilised pastures.

Shear strength measurements did not reflect soil cohesion due to higher root density
and therefore the use of shear strength is not recommended as a parameter for erosion
resistance. Although erosion spray experiments did not show significant effects between




treatments, the erosion centrifuge experiments showed a significant relation between
resistance against internal erosion and the combined effect of root density and particle size.

Tn dyke grassland management we conclude that the main prerequisites for a high
erosion resistance of the sod constitute avoiding the use of fertiliser in combination with
haymaking or grazing and proper maintenance sustained over long periods. While judging
the erodibility, more emphasis should be put on botanical composition than on clay quality.

Key-words: dyke grassland, cessation of fertilisation, biomass, root density, vegetation
management, haymaking, grazing, species-rich meadows, erosion resistance.




Voorwoord

Het is niet vreemd dat in een land dat zonder dijken meteen voor de helft onder water zou
lopen het verhaal van Hansje Brinker beklijfi. Met één vinger de dijk redden spreekt aan:
held worden als gevolg van de zwakke plek in de constructie. De vergelijking gaat
natuurlijk niet helemaal op, buiten dan de overeenkomst in voornaam, maar 7 jaar lang
onderzoek doen aan de kwetsbare plek van dijken (het gras), levert een behoorlijke dosis
“Hansje Brinker gevoel”. De realiteit is anders: onderzoekers zijn geen helden en het
gevoel delen ze met de mensen met wie ze samenwerken. Die mensen wil ik hier noemen.
Zij hebben bijgedragen aan dit zeedijkenonderzoek en de totstandkoming wvan dit
proefschrift.

Graag bedank ik mijn promotoren Karleé Sykora en Frank Berendse. Karlé, onze
gemeenschappelijk belangstelling voor de vegetatickunde vormde het begin van een
inmiddels 10 jaar lange samenwerking. Hierin konden we onze wederzijdse interesse voor
onderzoek naar wat nu modieus “multifunctionele natuur” wordt genoemd, verder
ontwikkelen. Je hebt me daarin steeds gesteund en dit proefschrift is daar een tastbaar
bewijs van. Bedankt voor al je begeleiding, betrokkenheid en vertrouwen. Frank, je was
bereid een al langer lopend toegepast onderzoek kritisch tegen het fundamenteel-
wetenschappelijke daglicht te houden. Jouw aanwijzingen en vooral je revisie van de
conceptteksten hebben mij bijzonder geholpen. Op deze plaats wil ik ook Willem Vos
bedanken. Door aan mijn aanstelling bij het IBN de voorwaarde van cen promotie te
verbinden en daarvoor ook daadwerkelijk faciliteiten te cre¢ren, kon de knop definitief
worden omgezet. Willem, het heeft gewerkt, zij het dat het toch weer iets langer duurde.
Maar, het ligt er nu, en dat komt dus ook doot jou !

Ook professor Piet Zonderwijk wil ik hier graag bedanken. Hij gaf destijds leiding aan
het samenwerkingsverband Vakgroep VPO - Adviesgroep Vegetatiebeheer, en was als
architect van deze “Kenniseenheid Groene Ruimte avant la lettre” zijn tijd vooruit. OQok na
zijn emeritaat begeleidde hij het zeedijkenonderzoek en overtuigde menig betrokkene
binnen TAW-verband van de noodzaak civiele techniek en ecologisch onderzoek te
integreren.

Werkgroep A (belasting en bekleding) van de TAW wil ik hierbij bedanken voor het
financieel mogelijk maken van het onderzoek. Jan Muijs en Jan-Willem Seijffert hebben
vanuit DWW-Rijkswaterstaat waar mogelijk bijgedragen, en de resultaten steeds intensief
gevolgd zowel op papier als in het veld. Met Jan heb ik bijna letterlijk strijd moeten
leveren om de vaak ingewikkelde administratieve afwikkeling van contracten rond te
kunnen breien. Jan, onze inspanning was niet voor niets, graag bedank ik je voor je inzet.

Zonder de hulp van waterschappen en pachters was het onderzoek niet mogelijk
geweest. Waterschappen hebben kosteloos mankracht en materiaal ter beschikking gesteld
voor inrichting, beheer en onderhoud van proefvakken. Pachters hebben — soms tegen een
geringe vergoeding — letterlijk rare bochten moeten maken om het gewijzigde beheer van
veelal kleine proefvakken in te passen. De gesprekken met HTD’s, dijkbeheerders,
opzichters en pachters hebben mij veel geleerd over de praktijk van het graslandbeheer. Tk
wil hen allen hartelijk danken voor hun inzet en hulp bij het onderzoek.




Heel veel dank ben ik verschuldigd aan Joep Frissel, Herman Klees en Maurils
Gleichman. Zij hebben enorm veel werk verricht. In het veld (ja zeker: vroeg weg en vaak
heel laat thuis}, in het laboratorium (ontelbaar veel wortelmonsters spoelen en uitspreiden),
bij de analyse, en bij tussentijdse rapportages, steeds heb ik op hen kunnen rekenen en
voelde me gesteund door hun efficiénte werkwijze. We vormden een goed team. Lastige
vragen over de zin‘onzin van onderzoek werden niet geschuwd. Het omschrijven van de
onderzocksresuitaten zoals vastgelegd in dit proefschrift is echter een solitaire bezigheid.
Ik heb mijn ex-teamleden dus maar weinig gezien in deze periode. Mogelijk komt hierin
snel verandering. Anders is dit met de bij het onderzoek betrokken statisticus Jacques
Withagen. Die heeft me het laatste half jaar meer gezien dan ooit daarvoor. Jacques,
bedankt voor je enorme inzet om vaak tot in late uren uit de getallenbrij tastbaar en
verantwoord resultaat te destilieren. Qok André Schaffers bedank ik voor zijn hulp bij de
statistick (van de multivariate technieken). En natuurlijk zijn morele steun in deze
promotie-fase. Wim Arp heefl sterk bijgedragen aan de voltooiing van dit proefschrift,
door de vertaling van hoofdstuk 5 en delen van hoofdstuk 6 en 7 uit de Nederlandse versie,
het kritisch lezen van de concepttekst en — daar zit misschien de meeste inspanning — alle
hulp bij het opzetten en uitvoeren van de lay-out. Dit laatste leidde tot enkele sessies die tot
diep in de nacht voortduurden. Wim, hartelijk bedankt voor al je hulp. Het resultaat is nu
zichtbaar. Ninetic de Zylva bedank ik voor haar inzet bij de correctie van de tekst. Het
verschil in gebruik tussen “-ize’ en tise’ is me nu duidelijk.

Ondersteuning tijdens het onderzoek was er ook van de overige oud-collega’s van de
vakgroep en adviesgroep: Friso van der Zee (steun en toeverlaat), Henk Heemsbergen (nog
steeds scherp in advies), Roelf Pot, Tim Pelsma, Herman van Oeveren, Wietske van Dijk,
Evelyne van Dongen, Cyril Liebrand, Louis de Nijs, René Siep, Jaap Bleijenberg, Monick
Pastoors, Lianne Haest, Jan Koekkoek, Ronneke Janssen en Maloe Dekker
(studentenonderzoek ruimtelijke variatie), Dick Belgers (inmiddels IBN). Ivo Raemakers
nam na mijn vertrek bij de vakgroep in oktober 1997 de afronding van het onderzoek over
de periede 1995-97 op zich. Jan van Walsem, Moniek Pastoors en Maurits Gleichman
verrichtten de nodige analyses, die voor een deel nog in dit proefschrift zijn besproken.
Dank voor jullie hulp. Ali Ormel en Gerda Westphal bedank ik voor hun inzet bij de
administratieve afwikkeling van de verschillende projectonderdelen.

Dank is ook op zijn plaats voor mijn huidige directe collega’s van het IBN, Robert
Kwak, Sieny Hoogenboom, Bas Pedroli, en Carolien Gleichman. Zij hebben een jaar of
wat moeten aankijken tegen een druk, gestresst iemand. Toch hebben ze mij met allerlei
kleine dingen en goede raad bijzonder weten te ondersteunen. We werden in korte tijd
goede maatjes.

Louis, bedankt voor je altijd aanwezige steun. Jij stond (samen met Karlé) aan het
begin van het zeedijkenonderzoek en je hebt als collega en vriend het gehele proces ot en
met dit proefschrift steeds van nabij gevoigd. En met succes: op de moeilijke momenten
was je er ! Tenslotte bedank ik de mensen die het meest hebben moeten inleveren om de
afronding van dit proefschrift te laten slagen. Patty, je hebt al te lang 4l mijn gezinstaken
mocten overnemen {twee grote en drie kleine vakanties, weekenden en vrije dagen incluis).
Bovendien was je mijn meest directe coach. Jou bedanken kan alleen maar met de
mededeling “het is af”. Dit punt lijkt (?) nu te zijn bereikt. Mayke, Sanne, Joep en Kika,
Jjullie bedank ik voor jullie geduld met die “meneer op zolder”, Tk hoop nu weer wat vaker
beneden te zijn.

Hans Sprangers







Contents

General introduction
Experimental design

Vegetation

Changes in botanical composition and vegetation cover after four years without
fertilizer application

with K.V. Sykora and A.P. Schaffers

Productivity and root growth

Effects of cessation of fertilization on aboveground productivity, root growth, and
nutrient contents in plants, roots and soil

with K. V. Sykora

Temporal and spatial variation

Seasonal variability in shoot and root biomass and spatial variation in vegetation
cover and root weight

Erosion

The effects of vegetation management on the erodibility of dyke grassland

With K. V. Svkora and J.C.M. Withagen.

Management

Implications for dyke grassland management

References

Summary

Samenvatting

Appendix I (Phytosociological table)

Appendix II (Erosion centrifuge experiment - results)

Curriculum vitae







Chapter

1

General introduction

1.1 Dyke functions

The recent flooding of rivers in the Netherlands and near the Polish border in Germany has
stressed the importance of dyke stability and safety (Anonymous 1995b, 1995¢). Also the
threat of a rising sea water level as a result of climatic changes (Anonymous 1990}, urges
civil engineers to reconsider present safety margins for the stability and erodibility of sea
dykes. In the Netherlands this has led to renewed measures for reconstruction and
maintenance care in several cases (Anonymous 1994a, 1994b, 1995¢, 1995d). To
guarantee dyke safety, features like stability and erosion resistance will be evaluated every
five years according to official guidelines for the Dutch water management authorities,
which have bheen recently published by the Technical Advisory Committee for Water
Defences (Anonymous 1996a, 1996b, 1998).

Besides the height and width of the dyke body itself , the cover of the dyke and its
resistance against erosion by waves or running water plays an important role in the
safeguarding of dyke stability. This cover can consist of concrete {stones, cement blocks or
asphalty or turf. Management of the grass sward has a great impact on the quality of
crosion resistance (Sykora & Liebrand 1988, Sprangers et al. 1991, Van der Zee 1992,
Coppin & Stiles 1995). From a civil engineering point of view a grass dominated plant
community with a vigorous root growth and a closed sward must be maintained. Frequent
defoliation by sheep grazing or frequent cutting usually results in a closed sward and
reduction in root growth. Haymaking, on the other hand, leads to deeper root growth at the
cost of shoot density (Coppin & Stiles 1995). Choosing the type and intensity of
management currently depends on the other secondary function(s) of dykes like
agricultural production and recreation, and their ecological functions as a part of the
landscape (corridor, refugium, gene source, specific habitat). Intensive fertilizer
application in agricultural production in both pasture and hayfields results in shallow-
rooted or very open systems. Amenity turf management (7-8 x mowing per year) often
done for recreation purposes near buildings and houses, also results in a shallow-rooted
grass sward. To stimulate the occurrence of natural habitats or the connection between
these habitats (corridors) haymaking without the use of fertilizer seems to be the preferred
choice.

In line with modern practice in landscape and environmental planning in the search
for an optimal combination of functions, as is the case with the construction of road
borders and crossings (Anonymous 1995a) and river and canal banks (Anonymous 199%4a,
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1994b, 1995c), what is needed is dyke grassland management that resulis in a high erosion
resistance that also fits in well with one of the other dyke grassland functions. To decide
which measures are best more knowledge is needed of the relation between vegetation,
management and erodibility of dyke grassland. This study endeavours to bridge this
knowledge gap.

1.2 Erosion resistance of dyke grassland

Grass is the most common and maybe the best known cover of dykes. It is used to cover
and protect the clay layer of river embankments and sea dykes, often combined with
concrete blocks or columns in fixed settings or asphalt for the base. In large-scale
experiment with turf taken from a Friesian dyke and exposed to waves of 1.5 m in height
for 16 hours, intact grass sods proved to be extremely strong and capable of limiting soil
erosion to approximately 0.4 cm h' (Smith 1993, Kruse 1994). This is low if erosion
resistance is compared with the results of a layer of concrete blocks 20 cm thick. Here,
blocks were sometimes dislodged by waves of one m height after two hours (Smith, 1993).
Turf seems to possess a kind of ‘elasticity’ to better withstand the power of huge wave
attacks than solid blocks (Kruse 1993, Anonymous, 1998). In experiments on intemal
erosion of grass sods, i.e. erosion of soil particles from the pores inside the sward, an
erosion rate was found of 0.1-0.2 cm h™ (Van Essen 1994).

The above mentioned-erosion rates are found in the upper soil layers at a depth 0-6 cm
containing about 65 % of the total amount of roots (Coppin & Richards 1990, Sprangers
1994). At a depth of 6-15 em with 20 % of the roots the estimated erosion rate was 2-3 cm
h' (Smith 1993). Below 15 cm with only 15 % of the roots measured in a column up to 50
cm deep, the estimated crosion rate was more than 10 cm h™', corresponding with the
results of wave experiments with uncovered clay. Furthermore, these experiments proved
that soil under turf has a greater strength than soil under blocks, possibly due to the effect
of roots on cohesion of soil particles to a depth of several dm (Kruse 1994a).

Erosion resistance of grassland seems to be not only dependent on seil structure
(granular composition and the amount and size of clay aggregates), but also on the root
density of the top layer (-10 cm). Porosity seems to play an imporiant role in withstanding
the forces brought about by severe wave attacks (Van Essen 1994).

To understand the significance of turf to erosion resistance, we need to look at the
structure of the clay-root-complex in the upper soil layers and take into account the erosion
mechanisms. Both aspects will be discussed.

Structure of grass sods

Sea and river dykes usually consist of a sand body covered with clay (Figure 1.1).
Sometimes this clay layer can be divided in a top layer (0.3 m) consisting of a more sandy
or humus material to benefit plant growth, and a lower layer of heavier clay (Anonymous
1996). Nowadays, while reconstructing the dyke, the top layer of the old dyke is often used
to form the upper layer of the new dyke. Clay is used for its low permeability and high
consistency {low distortion). The structure of the clay layer is influenced by climate (shrink
and swell), root growth, and activity of soil fauna: different sized aggregates arc formed
with pores in between (Hartge 1994, Anonymous 1996). This soil structure lowers the clay
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----- Limit climatic influence
Permanently saturated

Figure 1.1 Profile of a reinforced dyke with a permanently saturated zone and a zone under
influence of climate. In the new dyke the former dyke is still visible (source: Anonymous 1996a).

Clay layer

Clay under
sod

Sward

185! 02

Figure 1.2 Composition of clay layer with grass caver (Anonymous 1996a, figure modified}

quality, because its permeability is increased. Plant growth, furthermore, contributes to the
development of this soil structure, and enhances infiltration of the upper-layer (Coppin &
Richards 1990, Hartge 1994). The development of scil structure continues even under
concrete blocks or asphalt{Anonymous 1996). The smallest aggregates (0.002-2 mm) are
found in the grass sod in the upper layer of the clay cover. Underneath the sod the structure
is less developed and bigger angular aggregates occur up to 0.2 m (Figure 1.2).

Soil aggregates - the bigger ones sometimes composed of smaller ones - are held together
by coagulation {aggregates < 0.002 mm); chemical bonding through organic matter from
bacterial origin (0.002 - (.02 mm); chemical bonding through organic matter
(polysaccharides and lipids) from roots and mycorrhizae and cementation by carbonate,
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siticium, ferro- and aluminium-compounds (.02 - 0.25 mm); and through a fine network
of roots and fungal hyphae (0.25 - 2 mm) (Kruse 1993 and references therein, Anonymous
1996a). Aggregates bigger than 0.5 mmn, can be held together by fine roots, that penetrate
the aggregates (Kruse 1993, Anonymous 1998). Particles of 3 - 5 mm are both enclosed
and penetrated by the network of roots (Kruse 1993, Van Essen 1994),

The soil structure that develops in the rooting zone becomes highly cohesive through
this binding and cementation of aggregates. The fineness and stability of the aggregates
determines the porosity and permeability of the grass sod, which greatly influences the
erosion resistance.

Root-clay interaction

Roots play an important role in developing both structure (fineness of aggregates and
pores) as well as stability (bonding of aggregates by cementation, penetration and
enclosure) in clay soils. The soil structure in the well-rooted layer of the sod is finer-
grained than in deeper layers. In erosion experiments with grass sods a structure of fine
aggregates was found in zones with high root density, and large, mechanically strong
aggregates in zones with low root density (Van Essen 1994). By penetrating soil particles,
roots contribute to a fine soil structure. Furthermore, the activity of soil fauna foraging on
the roots also contributes to the fine-grained soil structure.

The soil under grass turf has a relatively stable structure, because of biomass
production, rhizodeposition which stimulates microbial growth, and the supply of
aggregate binding compounds (Lichtenegger 1985, Lynch 1990, Goss 1991, Gli'nsky &
Lipiec 1993). The stability of aggregates and the mean root length and root weight are
positively related (Perfect er af. 1990). When root length is high, there is a high coagulation
of aggregates and rhizodeposition (Kruse 1993). Seil moisture depletion by
evapotranspiration and desiccation around rootlets stimulates the formation of smaller
aggregates: higher soil suction because off the lower pore-water pressure increases the
attraction between soil particles through the effect of residual capillary water (Coppin &
Richard, 1990). Since soil suction increases as the size of voids and capillary channels
decreases, its contribution to cohesion is greater in finer-grained soils, Root hairs anchor
the developing reoots to seil particles. Hyphae, i.e. filaments in mycelium of fungi, also
contribute to formation and maintenance of aggregates. The amount of stable aggregates
larger than 2 mm is proportionate to the length of hyphae. The carbon-hydrogen cover of
(dead) bacterial colonies can bind clay particles. Small aggregates formed this way are
very stable in soils under old grasslands with a high content of lutum and organic matter
(Kruse 1993).

There is a dynamic equilibrium between the formation and demolition of aggregates in
soils under stable, weil-developed vegetation. Roots influence the microclimate and
changes in temperature and moisture content (Coppin & Richards 1990). Furthermore,
roots can sometimes neutralize the effects of soil cracks in clay as a result of shrinkage
after the construction of a dyke, are sometimes neutralized by roots (Anonymous 1996a,
Muijs 1996). Seasonal effects and moisture content indirectly affect aggregate siability
(Kruse 1993). Bacterial populations, influencing the stability of smaller aggregates, are at
their peak at the end of the summer. The amount of fungi, which affect cohesion of
aggregates, changes during the season. Just after winter, when the moisture content is high,
the fraction of bigger aggregates (> 2 mm) is relatively small, but rather high at the end of
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the surnmer. These aggregates are subject to an equilibrium with a constant renewal of
bonding, maintained by rhizodeposition of fine roots in and around the aggregates. A
network of such fine roots influences small-scale changes in moisture content, contributing
to a fine structure in cohesive soil. Intensive tread (trampling), big changes in the salt
content of pore water and some organic compounds may decrease the stability of this fine
dynamic structure.

We may conclude that apart from the granular composition of the clay, depth and
density of the root network in the grass sods largely determine the stability of the clay
layer. Stability will be low in the absence of roots or when root density is low, no matter if
in the upper layer the aggregates are large or the structure is fine. This means that factors
that influence root density and rhizosphere, such as botanical composition, soil nutrient
level, and management type (fertilization, grazing and haymaking) also have an impact on
size and stability of the soil aggregates and their cohesion (cf. Kandeler & Murer, 1993).
However, more research is needed to further clarify this relation between clay quality and
root density.

Erosion mechanisms

One can distinguish different types of erosion that affect clay used as a cover in dyke
construction: suspension of fine material in water; the removal of small particles like sand-
grains and small aggregates by flowing water; and the breaking away of larger fragments
through heavy wave attack (Anonymous 1996a). The first type is usually a long-term
process, where even without any flow, particles absorb so much water that there is loss of
cohesion between particles. In the second type, smaller particles loosen when vertical
water movements and water pressure provoked by low waves overrule the adhesive forces
in the soil. With high waves, the pressure built up lifts bigger fragments out of the soil,
specially when the turf is missing or damaged (cf. Anonymous 1984, Seijffert & Philipse
1990, Smith 1993). The effectiveness of water flowing through grass sods by wave attack
in removing soil particles is determined by pore structure, permeability and saturation,
Erosion experiments have shown that the flow rates, reached by wave attack, on the
surface and through the sods were not sufficient to remove particles held together by
cementation. Erosion of smaller particles only occurs when the chemical bonding of one
particle to another or to roots is weak, as is the case with sand grains or bigger aggregates.
Fine particles with a somewhat large chemical reactive surface have a large amount of
chemical bondings. The erosion of lutum-sized particles will be small. This means that the
percentage of sand and the size of aggregates (structure) in soil determine the exient of
internal erosion.

The presence of a fine network of roots prevents the erosion of sand grain-sized
particles by inclusion (Van Essen 1994) and limits flow rates. In less cohesive soils severe
erosion will take place when gaps in the root network occur. Also in cohesive soils erosion
will increase when roots are not homogeneously distributed, because fewer surrounding
particles will be kept in place, when one soil particle is washed away. Individual grass
roots are strong enough (0.1 - 2.0 N, depending on root diameter and species) to resist high
flow rates (Lichtenegger 1985, Kruse 1993). However, according to Kruse (1993), the
permeability of the sod which is probably responsible for the specific properties
(‘elasticity’) of grass swards to intercept the forces of severe wave attack, is not
determined by the rooting system but by the pore structure. Nevertheless, roots have an
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indirect effect: pores in the soil are formed by the dying off of old roots, among others. The
total pore volume increases with rooting density (Coppin & Richards 1990).

At the surface, the flow velocity of water flowing up and down as a result of wave
movements is reduced by the vegetation cover (Sykora & Liebrand, 1988). Moreover, soil
particle movement is reduced. These retarding effects of the grass sward on runoff volume
and velocity depends on the percentage canopy cover (Coppin & Richards 1990).
However, when the vegetation is too long, e.g. where grazing or cutting before the winter
season is insufficient, the sward can be damaged by waves seizing at long tussocks of grass
and moving these tussocks to and fro (N. Bakker, pers. comm.).

The erosion resistance of grass swards on dykes seems to be dependent primarily on
the type and intensity of root growth (the rooting system) and less on the quality of the clay
that is used. There is an indirect effect of roots influencing soil structure, cohesiveness and
pore volume, and a direct effect of the actual root network and physical strength of
individual roots. This means that if we could stimulate root growth by manipulating factors
that influence root density and rhizosphere, such as botanical composition and soil nutrieni
level by adjusting the type of management used for maintaining the sward, for example, we
would have an important tool for improving the protective properties of grassland against
water erosion. The canopy structure, i.e. vegetation cover and sprout density, influences
surface erosion and should therefore be paid special attention, when adjusting
management.

1.3 Vegetation type, sward characteristics (e.g. root density) erosion
resistance and management

A variety of grassland types can develop on dykes and embankments depending on habitat
factors (soil conditions and exposition) and management (grazing by sheep or cattle,
haymaking or mowing without removing cuttings, use of fertilizer or herbicide). Previous
investigations of the grassland vegetation of sea and river dykes showed a clear
relationship between botanical composition, habitat factors, management, rooting density,
canopy cover, and erosion resistance (Sykora & Liebrand 1987, Sprangers 1989, Sprangers
et al, 1991, Van der Zee 1992). Species-rich dyke grassland, extensively managed by
sheep-grazing or hay-making without the use of fertilizer, is characterized by a relatively
high root-density and high to moderate canopy cover (sprout density}. This is the case with
botanically well-developed relatively species-rich grasslands belonging to the
phytosociological syntaxa Medicagini-Avenetum, Arrhenatheretum elatioris and Lolio-
Cynosurerum. Species-poor, fertilized grassland, intensively managed by sheep grazing
( Poo-Lolietum), and grassland mown twice a year without removal of cuttings
(fragmentary Arrhenatheretum), are characterized by a high aboveground production but
low root density and in the case of the poor Arrhenarheretum a very low shoot density.

Surface area

The total area of grassland on primary dykes comes to 80 km” equally divided over sea
dykes and river dykes. About 90 to 95 % of the river embankments are covered by species-
poor and agriculiurally-managed, high-productive pastures, and abandoned and overgrown
rough meadows (van der Zee 1992, Fliervoet 1992, Anonymous 1998). Less than 2 km? is
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occupied by semi-natural species-rich grassland. Species-rich communities hardly occur on

dykes along the coast: 85 % consists of species-poor agricultural grassland grazed by

sheep, and 15 % of species-poor grassland used for hay-production. However, species-rich
grassiand is sometimes found on inland dykes (secondary dykes) and on dykes along the
lakes of the southern estuary.

Roughly four types of grasslands could be distinguished on sea dykes (Sprangers

1989):

e Poo-Lolietum, species-poor and intensively grazed pastures, fertilized with
approximately 100-150 kg N ha'yr'" ;

e Lolio-Cynosuretum, less species-poor and less intensively fertilized {c. 90 kg N
ha"'yr'!) periodically grazed grassland. In the northern parts of the Netherlands this
type is maintained by well-organized maintenance measurements, like cutting of the
non- or partly-eaten plants, the spreading of dung after a period of grazing, and
trapping of moles (Bakker 1988);

e fragmentary Arrhenatheretum elatioris, fertilized hay-meadow (100-200 kg N ha’'yr)
with two to three cuttings a year, with a very open sward and sometimes composed by
only two to three species; and

¢ Arrhenatheretum clatioris brizetosurn, species-rich and unfertilized hayfield, mown
once a year, with many grass species and herbs.

Sward characteristics and management

Several studies have heen conducted on the relationship between management, botanical
composition, and above- and belowground biomass production of grassland (Bakker 1989,
OIff & Bakker 1991, Berendse et al. 1992, Olff et al. 1994, Oomes et al. 1996). In species-
poor , fertilized grasslands (Poo-Lolietum) the belowground biomass is relatively low,
whereas in natural to semi-natural species-rich grassland communities the belowground
biomass is high (Kmoch 1952, Fliervoet 1984, Sykora & Liebrand 1987, Bakker 1989,
Sprangers ef al. 1991, Van der Zee 1992). The vegetation in species-rich grassland consists
of many grass and herb species, each with its own rooting pattern, which is also affected by
the nutrient level in the soil and competition between species (Kutschera & Lichtenegger
1982). A stratified root system is formed, with grass roots growing in the upper layers and
roots of herbs growing in deeper layers of the soil {cf. Berendse 1982, Lichtenegger 1985,
Schiechtl 1985). Soils of species-rich communities possess a greater spatial heterogeneity
of nutrient availability. This greater variation stems from local differences in
mineralization and microbial turnover of organic matter because of differences in the
quantity and the decomposability of the dead root material that the various species produce
(Miles 1987, Berendse 1990, Ozinga 1997). This phenomenon, in combination with a high
root density, is favourable for aggregate-stability in clay soils.

The low belowground biomass in high-productive agricultural grasslands in contrast
with the higher share of roots in the total mass of plants as a result of mineral deficiency,
can be clearly explained using the work of Brouwer (1962, 1983). On the basis of
experiments where the shoot/root ratio of barley and maize plants were investigated at
different N-applications, he describes a fitnctional equilibrium between shoots and roots,
reflected by a constant shoot/root-ratio under separate sets of external conditions.
Increasing the uptake of minerals, for example by fertilization, will increase shoot growth
relative to root growth until shoot growth is limited when the maximum uptake of minerals
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and moisture by the roots is reached (Brouwer 1962). Consequently, root growth will
increase as a result of a higher supply of carbohydrates that cannot be converted into
increased shoot growth. As root growth increases mineral and moisture uptake will
increase and the cycle can be repeated until shoot growth and root growth are equally
limited by carbohydrate and nutrient supply (cf. Van der Werff 1993). It appears that the
carbon allocation to shoots and roots in relation to nitrogen supply is mediated by the
production of cytokinins in the roots, which enhance photosynthetic capacity and leaf
expansion (Lambers et al 1998). Cutting off the shoots (for example by grazing) will
disturb the equilibrium. Shoot growth will increase again when mineral and moisture
supply is abundant and the maximum uptake capacity of the roots is not reached. In the
case of grasslands the continuously disturbed equilibrium results in a system with a rather
low root density and a high shoot production.

The results of several investigations of the rool system of agricultural or otherwise
managed grassland are in line with this theory. To reach the maximum root mass
considerably less N is needed than for maximum shoot production (Dirven & Wind 1980,
Sibma & Ennik, 1988). Above a certain N level the root system will no longer increase,
even though the maximum uptake of minerals and moisture has not yet been reached.
Reduction of the leaf area decreases root growth (Througton 1981). Intensive grazing
results in superficial root growth and a shorter life cycle of the roots (Fiala & Studeny,
1988). With mulching the root density remains low due lo an increased soil fertility by
mineralization of the organic matter, supported by favourable moisture conditions under
the remaining cuttings (Sykora & Liebrand, 1987). Ungrazed or very infrequently cut
swards become tall-grass communities with a fairly dense growth, but an open sod.
Regular cutting (sports turf and greens) as well as grazing stimulates tillering in grasses
and results in a much shorter, more compact growth, with a higher shoot density, but also
reduces depth and density of rooting (Coppin & Richards 1990, Coppin & Stiles, 1995).

Grassland management influences the moisture condition of the seil by its impact on
roots. Dyke grassland is fed by rainwater. Their superficial root growth makes grazed and
frequently cut swards more sensitive to drought than deeper rooting grass vegetation.
Unfertilized hayfields have a more homogeneous distribution of roots along the soil profile
(Sprangers ef al. 1991) which results in a higher moisture content in the upper layers, and
soil stability in terms of aggregate-bonding. In times of drought there is a transport of
water from deeper layers to the upper-layers of the soil by roots (Caldwell et al. 1991).
Unfertilized meadows may therefore be more drougth-tolerant.

If N is given in large quantities as is customary for high-productive agricultural
grassland, the shoot density decreases and the sward becomes more open (Sibma & Ennik
1988). Intensive grazing creates open space in the grass sward, and species like Urfica
divica, Stellaria media, Cirsium arvense, Cirsium vulgare and Hordeum murinum become
dominant along trodden and manured (dung) places (Sprangers 1989, Sprangers ef al
1991). The use of herbicides to control these plants usually has an adverse effect: open
places are created that are again colonized by the same species which prefer the high
nuirient level of the soil (Heemsbergen 1994). Insufficient maintenance of meadows, e.g.
not dragging to spread out dung and molehills, or not cutting plants that are left behind
after grazing, will lead to an irregular vegetation cover formed by tussocks of Dactylis
glomerata , Festuca arundinacea, and Elymus repens. Mulching results in a species-poor
tall-grass community dominated by Arrhenaterum elatius, Elymus repens, Anthriscus
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sylvestris, Heracleum sphondylium, and Urtica dioica (Sykora & Liebrand 1987, Van der
Zee 1992).

An important and sometimes overlooked aspect for judging the erodibility of dyke
grassland (cf. Anonymous 1996b) is the status quo of the sward under unfavourable growth
conditions, i.c. at the end of the winter, after a period of minimal growth, In this period the
heaviest storms can be expected, so that the grass cover must be in the right condition to
provide the necessary crosion resistance. Another perhaps less overlooked aspect is the
spatial variability in vegetation cover and root density. Open spots in the above- and
belowground grass cover can function as weak spots from where erosion can spread out
once the cover has been broken (Smith 1993, Kruse 1994b). Not much is known about the
phenological patterns in root development or about spatial heterogeneity. The advantage of
high root densities can be overruled if the distribution of roots is heterogenous.

Erosion resistance and vegetation types

The erosion resistance of the surface of turf of different communities was tested in a study
of the vegetation of river dykes in small-scale experiments, by using a shower device and
measuring the amount of washed out soil. Sykora & Liebrand (1987) concluded that
species-rich meadows originally occurring on sand dunes in the river basin (Medicagini-
Avenetum), and pastures of the Lofio-Cynosuretum-/Poo-Lolietum type, have a similar
resistance against superficial erosion. They also found a slight correlation between high
resistance and low fertilization. Mulched grassland was shown to have a very low
resistance in these experiments (Sykora & Liebrand 1987, Van der Zee 1992). Laboratory
experiments to test erosion in the grass sod, using a centrifuge to produce a water flow
around soil core samples while measuring the [oss of weight, showed a positive correlation
between erosion resistance and a combination of clay content in the soil and root density
(Van der Zee 1992),

To test the strength of grass sods of river dykes under standardized wave attack,
large-scale experiments were carried out with turf of different vegetation types (Verheij ez
al. 1995, Anonymous 1998). The results are in line with the small-scale erosion tests: sods
originating from the mulched species-poor Arrhenatheretum were considerably damaged,
whereas the species-rich Medicagini-Avenetum, Arrhenatheretum elatioris and Lolio-
Cynosuretum types resisted waves of 0.3 m for over 60 hours. The species-poor Poo-
Lolietum type was not tested. While shoot density and erosion resistance were found to be
negatively correlated, no significant correlation was found with root density. From these
erosion experiments we may deduce the inadequacy of erosion resistance of grass swards
managed by mulching or intensive grazing with fertilization. Field observations of sea
dykes after heavy storms in february 1990 and river dykes after the high water period in
1995, support these findings: severe damage of the grass turf was observed in overgrazed
and mulched dyke grassland (Johanson 1990, Anonymous 1995b, 1995¢, 1995d).

Extensive management

The aim of cessation of fertilization in combination with the removal of biomass by
grazing or haymaking is to decrease the nutrient level of the soil. The intention is two-fold:
an increase in species diversity as well as a higher root density. To reach a sufficient
vegetation cover and to stimulate regeneration of the vegetation, it is necessary to adjust
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the grazing intensity io the biomass production and to maintain periods of rest (specially
during winter). In case of haymaking, the times of mowing, at the maximum twice a year,
should be adjusted according to the time of seed production of species that should be
favoured. No herbicides should be used so as not to disturb the development of herbs.

Changes in productivity, nutrient availability and species composition have been
described in several impoverishment experiments on former agricultural land (Oomes &
Mooi 1985, Bakker 1989, Gough & Marrs 1990, Berendse ef al. 1992, OIff ef al. 1994,
Oomes et al. 1996). In grassland on clay soils, cessation of fertilizer application results in a
considerable decrease of biomass production during the first 2-3 years, followed by a more
gradual decline over the next 5-8 years to the level of semi-natural species-rich grassland
{(Oomes & Altena 1987). Long term experiments in the Drentse A Nature Reserve show
the same results. There was a decrease in the soil’s nutrient level and in the annual
production in fields that had not been fertilized over different periods of time (Bakker
1989, OIff & Bakker 1991, Olff er al. 1994). Cessation of fertilization leads to an increased
growth of species typical to nutrient-poor soils {Oomes & Mooi 1983, Bakker 1989,
Oomes et al. 1996). Because of the decreased aboveground biomass, the sward exhibits a
more open structure (Coppin & Richard 1990) which is favourable for the settlement or
regeneration of nutrient-poor species. A low productivity level results in an increase of
species diversity {Bakker 1989, OIff 1991).

After stopping the application of fertilizer, the belowground biomass will increase
(OIff er al. 1994). In accordance with the functional equilibrium between aboveground and
belowground plant parts (Brouwer 1983, Lambers e ol. 1998), plants invest more in their
roots at a lower nitrogen availability to enhance their absorption capacity (Boot 1990).
More carbohydrates are allocated to the roots resulting in a morphological change in the
root system: root/shoot ratio, root length, root diameter and length and density of root hairs
all increase. Boot (1990) suggested that the change in size and morphology of the root
systemn after a decline in nutrient supply is a consequence of a change in both species
composition and the effect of altered environmental conditions like water and nutrient
availability. For example, species of nutrient-poor habitats have a greater root length and
root hair density at low N levels.

Plants react to local differences in N supply by proliferation of roots in zones with
increased nutrient content (Grime ef al. 1991, De Kroon & Hutchings 1995). Dominant
species like Arrhenatherum elatius develop an exlensive root system, using a large volurme
of the soil in contrast to subordinates characterized by fine-rooted systems, which exhibit
an intensive and precise exploitation of localized parts of the resource mosaic (Grime et al.
1991). Increasing heterogeneity of N availability in the soil by impoverishment practices
{cf. Boot 1990) probably results in a complete occupation of the topsoil by the root system,
to which the different coexisting dominant and subdominant species contribute, each with
ils own rooting strategy.

Plant species have different effects on mineralization and the turn-over of organic
matter (Miles 1987, Berendse, 1992). Thus, increase of species-richness as a result of
reduced soil nutrient levels enhances spatial soil heterogeneity, which has a positive effect
on soil stability. When species of nutrient-poor habitats like Festuca rubra with a low root
turnover compared to Lolium perenne (Throughton 1981) become dominant after cessation
of fertilization, the effect will probably be additional to the decrease of nutrient levels in
the soil, because the lower rhizodeposition of these species limits the mineralization
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Figure 1.3 Processes governing plant growth in fertilized and unfertilized grassland

process. Figure 1.3 summarizes some of the processes that may govern plant growth in
fertilized and unfertilized grasslands.

Botanical and landscape ecological values

This study is focused on the effects of the extensive grassland management on vegetation
cover and soil stability primarily to improve the resistance of the sward against erosion. In
nature conservation impoverishment practices are used for the restoration of species-rich
grassland. A zero-null situation exists when both the civil-technical quality and botanical
or landscape-ecological value of dyke grassland can be increased simultaneously. In this
section the last mentioned values are considered.




12 Chapter 1

While a decrease in productivity might result in a higher species diversity, it cannot
guarantee successful restoration of species-rich meadows (Berendse et al. 1992). A high
species diversity as a result of extensive grassland management can be achieved only in the
long term and within the confines of the necessary habitat conditions, probably after 15 to
20 years (Oomes & Mooi 1985, Bakker 1987, 1989), assuming the establishment of
species cither from seed bank or seed dispersal (Strykstra ef al. 1998). Compared to
cutting, grazing is expected to extend this period, because only a smali quantity of nutrients
will be removed (Fliervoet 1992, Bullock et al. 1994). A period of 10-15 years has been
mentioned as being necessary for the regeneration of species-rich grassland on river dykes,
depending on soil composition and other habitat factors (Sykora er al 1990). South
exposed slopes are dryer and have a lower nutrient availability and thus are more
favourable for the development of species-rich grasslands (Sykora & Licbrand 1988).

At present species-rich grasslands and some rare and less common species like Torilis
nodosa, Sherardia arvense, Lathyrus nissiola, Lathyrus tuberosus, Orobanche lutea, Galium
verum, Briza media, Koeleria macranta, Campanula rotundifolia, do occur on a few dykes
along the sea coast and the estuary Westerschelde. If indeed the erosion resistance
improves by impoverishment practices and extensive management becomes a commonly
accepted instrument for dyke grassland maintenance, a significant potential area will be
created for restoration of species-rich grassland. Like other linear elements, e.g. road
verges, ditch banks, railway lines, and field boundaries, dykes covered with semi-natural
grasslands can function as ecological corridors for the migration of certain plants, insects
and mammals (Zonderwijk 1979, Koster 1991, Sykora ef al. 1993, Anonymous 1995a,
Kleijn 1997, Hermy & Blust 1997). Through their specific location in agricultural
landscapes they can provide sustainable habitats for the population of species that
otherwise would not survive. Since dykes have an important role in linking the greater
recreational centres along the coast, extensive management resulting in flower-rich
grasslands will also coniribute to their recreational function as well. It is clear that the
restoration of species-rich dyvke grasslands should be one of the aims in landscape-
planning, where dykes can play an important role in the multifunctional design of cultural
landscapes in the near future.

1.4 Hypotheses and questions

The soil physical properties of the clay layer covering the sand body of dykes cannot be
changed directly. However, indirect change in abiotic circumstances by influencing biotic
processes in the soil such as root growth and microbial activity is very likely. These
processes have a considerable impact on soil structure, aggregate stability, and
permeability, and thereby on the erosion resistance of the rooted clay zone.

Hence, species composition, shoot and root density, soil fertility and microbial
activity can be controlled by changing grassland management. However, it will probably
take at least 3-4 years to reach some of the desired effects, depending on the siatus quo of
the grassland. Most of the sea dyke grasslands are currently intensively managed for
agricultural purposes in the firm believe that it will result in a good dyke cover. In many
places, however, the erosion resistance of the sward is low and the dyke authorities have
difficulties in maintaining a good closed vegetation cover, because of overgrazing or
intensive haymaking with the use of fertilizer.
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The aim of this study is to investigate whether extensive management of sea dyke
grassland improves erosion resistance through the expected changes in botanical
composition and rooting density of the sward. The following deducible hypotheses are
formulated and will be tested:

1)

2)

3

4
5)

6)

Stopping the use of fertilizer followed by a less intensive grazing or cuiting
regime leads to an increase in the number and/or cover of grass and herb species
indicative of less nutrient-rich soil conditions. Haymaking on former pastures
will have the most impact.

These management strategies result in a slight decrease and in some cases to an
increase of vegetation cover and shoot density.

As a result of cessation of fertilization, there will be a decrease in aboveground
biomass production and an increase in root biomass and root density. Grazing and
cutting have a different effect on the profile of the rooting system.

Species-rich unfertilized hayfields have less seasonal fluctuation in root density
compared to fertilized sheep-grazed pastures.

A spatial homogeneous vegetation cover reflects a homogeneous distribution of
underground biomass.

A high shoot density, and a higher root density in grassland developing after
cessation of fertilization, results in a higher erosion resistance.

In order to verify these hypotheses the following questions need to be answered:

1)

2)

3)

4)

5)

6}

Can the species composition of dyke grassland be altered towards communities of
nutrient-poor habitats by stopping fertilization and which management systems
would be appropriate?

How do cessation of fertilization and different management regimes influence
vegetation cover, shoot density, above- and belowground biomass and chemical
composition of soil and plants?

Will root density of dyke grassland be enhanced by the cessation of fertilizer
application ? What time period and environmental conditions are needed to
achieve this objective and what are the most appropriate management systems?
What are the differences between the root growth and seasonal dynamics of root
biomass of fertilized sheep-grazed dyke grassland and that of unfertilized
hayfield?

What differences are there in spatial heterogeneily in vegetation cover, shoot and
root density between fertilized pasture and unfertilized hay-meadow ?

How do cessation of fertilization and different management practices affect
erosion resistance of dyke grassland?

1.5 Outline of the thesis

The first chapter of this book begins with a general introduction to the various aspects of
the erodibility of dyke grasslands. Special attention has been paid to the construction of the
grass-clay complex and technical aspects of erosion and the mechanism of protection of
the clay layer by grass sods. The aims of the investigation have been worked out into a
precise formulation of the problem, with the emphasis on the increase of root density by
lowering the nutrient level in soils. Chapter 2 describes the study sites and experimental
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design. It gives a general outline of the experiment, which is basically a survey of
successional processes after the cessation of fertilizer application on agricultural grassland,
while continuing sheep-grazing or haymaking or shifting from grazing to hay-making, or a
combination of the two management treatments, over a course of four years (1991-1994).
The experiment is still being continued, and some of the data collected in 1997 has been
analysed and described in this thesis (see Chapter 4). In Chapters 3 to 6 the results are
given and discussed of the various investigations that are being carried out to answer the
general research questions. A detailed description is also provided of the methods used for
data sampling and analysis.

Chapter 3 examines the changes in floristic composition of dyke grassland after four
years of succession, including the changes in percentage cover of herbs compared to
grasses. The possible increase of species diversity and the occurrence of rare species are
analysed and compared on a national scale. Because it is important to know if and to what
extent extensivity of management leads to a more open vegetation, this chapter contains an
analysis of the total cover of the vegetation, cut back to a height of 2 ¢m, as well as shoot
density, expressed by the score of classified distances between 100 measuring points and
nearest sprout. Here, attention is also paid to the threat of moles related to the different
management practices that have been investigated.

In Chapter 4 the changes in biomass production, root density and nutrient levels in
plant and soil are analysed. Information about successional processes derived from the data
are discussed with respect to the results of old species-rich hayfields on (former) sea dykes,
which function as a reference. The question as to whether the root systent is expanding as a
result of cessation of fertilization is answered in this chapter.

The condition of the sward in unfavourable periods of the year (wintertime, late
autumn, early spring: periods of heavy storms) is important for dyke management. Also
crucial is the homogeneity of the grass cover. In Chapter 5 seasonal variability and spatial
heterogeneity are examined, by comparing the grass swards of fertilized pastures and
unfertilized hayfields (references).

In Chapter 6 is analysed to which extent grass cover and root systems contribute to
erosion resistance. Emphasis is placed on the relation between dyke grassland management
and erosion resistance and the influence of edaphic factors. The impact of short-term
changes in management (cessation of fertilization and extensive grazing or haymaking) on
erosion resistance are tested and discussed.

Finally, Chapter 7 aims at integrating the results of the different experimental studies
and the consequences of these findings for dyke grassland management. The focus is more
on the practical implications of the results of this investigation.
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2

Experimental design

2.1 Study sites, management treatments and sct-up of the
experiment

In this chapter a general outline of the experiment is given. A description of methods used
for sampling and analysis is included in the following chapters (Chapters 3-6).

In 1991, 24 study sites were selected on dykes along the coast of the Dutch Wadden
Sea (5), the North Sea (7), the IJsselmeer (3) and on dykes along the Westerschelde (8) and
Oosterschelde (1) in the south-western estuary (see Figure 2.1); 14 sites were located on
sheep grazed dykes and 9 on mown dykes (see Tables 2.1 and 2.2). The criteria for
selection of the sites were:

1) the sward had to have been at least five years old and had the same management
during those five years, i.e. fertilized and intensively managed by sheep grazing
(15-40 animals ha™) or mowing (mulching with 4-8 cuttings a year or hay-making
with 2-3 cuttings a year);

2) the site had to represent the grass cover of a considerable dyke length;

3) the sites had to be similar in exposure to sun and sea. The sites in the southern part
of Noord- en Zuid-Beveland, along the Westerschelde, and some other locations,
however, are an exception 1o this rule);

4) carrying out the different management practices, had to be easy.

To investigate the effect of fertilizer cessation and the adjustment of grazing or
mowing intensity, as well as the effect of shifting from grazing to hay-making or a
combination of both practices, four treatments were started on grazed dykes and two
treatments on dykes that were mown. These treatments were closely related to the most
common management practices of dyke grasslands by farmers and dyke management
authorities. The four treatments on dykes grazed by sheep at the beginning of the
experiment were:

s Treatment G+: annual fertilization with 100-150 kg N ha’'and 10-20 kg P and K ha’
and continuous {or in periods of 4 to 9 weeks) grazing by sheep with an average of
about 15 ewes ha”', which can temporarily come up to 40 sheep ha™ (ewes and lambs);

¢ Treatment GG-: no fertilizer application, grazing in two periods of about 4 weeks in

April-May and August-September with an average of about 10 - 12 ewes ha’, or

continuous grazing with 7 ewes (with lambs) ha™.
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Figure 2.1 Study sites. For explanation of codes see Tables 2.1 and 2.2

Treatment HG-: no fertilizer application, mowing of the first cut for hay-making afier
June the 15th, followed by grazing in a 4 weeks period (August-September).
Treatment HH-; no fertilization, mowing twice a year with removal of cuttings (hay-
making) the first cut after 15 June, the second cut before 15 September.







