
www.elsevier.com/locate/agee

Agriculture, Ecosystems and Environment 109 (2005) 87–96
Evolution of the vegetation of mown field margins

over their first 3 years

Benny De Cauwer a, Dirk Reheul a,*, Katrien D’hooghe a,
Ivan Nijs b, Ann Milbau b

a Department of Plant Production, Faculty of Agricultural and Applied Biological Sciences, Ghent University,

Coupure Links 653, B-9000 Ghent, Belgium
b Research Group of Plant and Vegetation Ecology, Department of Biology, University of Antwerp,

Universiteitsplein 1, B-2610 Wilrijk, Belgium

Received 29 April 2004; received in revised form 14 January 2005; accepted 15 February 2005
Abstract
Early succession of newly created sown/unsown margin strips on ex-arable land, managed by two cuttings per year with/

without removal of cuttings, was characterised by the replacement of annuals in favour of perennials, a steady increase in the

importance of monocotyledons and a decrease in non-nitogen-fixing dicotyledons. Mowing with removal of cuttings delayed

this succession pattern.

Sorenson’s qualitative similarity index revealed that species composition of the sown communities in terms of species

occurrence became increasingly similar to the unsown plots. Furthermore, convergence in vegetation composition between sown

and unsown plots occurred also in terms of species importance as assessed by Sorenson’s quantitative index. Similarity, in

species, importance was significantly enhanced by cutting with removal of cuttings.

During the first three successional years, species diversity of sown and unsown communities converged in time, irrespective

of mowing regime or location. The decrease in species diversity, number and density of sown wildflowers was more pronounced

under a mowing regime without removal of cuttings. The annual addition of mown roadside herbage significantly enhanced

species-richness, but not the importance of dicotyledons.
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1. Introduction

Despite an ongoing reduction in field boundary

habitats (Chapman and Sheail, 1994), a range of

public initiatives has resulted in the creation of new

field margin features on ex-arable land in Northern and
.
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Western Europe, notably conservation headlands and

margin strips. Support mechanisms exist to encourage

farmers to create new habitats, to restore old ones or

expand existing boundaries by means of margin strips,

to restore the landscape connectivity, to care for small

landscape elements. Expanding existing field bound-

aries is generally done by taking the outer metres of an

arable field out of production and allowing it to

regenerate naturally or sowing it to grass or a grass/

forbs mixture, usually under a mowing regime (e.g.

Dunkley and Boatman, 1994; Hart et al., 1994;

Marshall and Nowakowski, 1992; Smith and MacDo-

nald, 1989).

To evaluate the long-term success of sown and

unsown margin strips, it is essential to record

vegetation succession, species composition and rich-

ness over time. According to Hodgson (1989), the

succession of naturally revegetated strips is char-

acterised by an initial dominance of annuals and short-

lived species, which are with time, typically replaced

by perennial non-woody species, and secondly, if no

mowing regime is applied by shrubs and trees. After 3

years, species-richness, biomass production and

monocotyledon/dicotyledon ratio in grass, grass/

wildflower strips and natural regeneration strips,

mown once a year, converged to the level of the

pre-existing boundary, and this in three countries; UK,

France and The Netherlands (Kleijn et al., 1998;

Marshall et al., 1994). Kleijn et al. (1997) found within

3-year-old strips mown once a year, that strips sown

with a rich grass/wildflower mixture had higher

species-richness than strips sown to perennial ryegrass

or strips left to revegetate spontaneously because of

limited colonisation by species from the pre-existing

boundary. West and Marshall (1996) also found that

mown naturally regenerated plots had lower vegeta-

tion cover and lower species diversity than mown

sown plots, but species numbers remained stable in the

second year, whereas they decreased in the sown plots.

Unfortunately many succession studies concern-

ing margin strips do not contain unsown plots. It is

therefore impossible to know how effective the

addition of seed mixtures has been in accelerating

or diverting succession or species composition. Fur-

thermore, information is lacking concerning vegeta-

tion succession and botanical composition of sown

and unsown strips under different cutting regimes

during the first successional years.
According to Marshall (1998), seed mixtures with

fine grasses and wildflowers are most successful on

infertile soils with regular mowing. Cutting yearly in

spring and late summer, with removal of cuttings,

reduced the rate of species loss in a sown grass/

wildflower field margin strip over a 5-year period and

was recommended for maintaining plant species

diversity (Marshall and Nowakowski, 1995).

This study examines the effects of sown and

unsown margin strips on early vegetation succession,

species-richness and composition of ex-arable land

under different cutting regimes. In particular, the

following questions are addressed: (1) is there any

potential for naturally regenerated strips to develop

into floristic diverse plant communities or are they

depauperated of species? (2) Which mowing regime of

the newly created communities maximizes species-

richness and how does the cutting regime direct

biodiversity and vegetation succession? (3) What is

the succes of introducing seed mixtures differing in

seed provenance to recreate a diverse semi-natural

community? (4) Is the application of species-rich

roadside herbage useful to enhance botanical diver-

sity? (5) And finally, is there any similarity in the

vegetation between unsown and sown communities?
2. Material and methods

In June 2001, a field margin experiment was

established on nutrient-rich arable land in a split plot

design with four plant communities, three cutting

treatments and three blocks. The plant communities

were randomized within three blocks and the three

cutting treatments were randomized within the plant

communities. The split plot design was installed on

two contrasting soil types in Belgium, province of

West Flanders namely at Poperinge (SITE1: 508520N,

28450E, drained sandy loam, pH 6.8 (KCl), 1.5% C)

and at Beernem (SITE2: 518090N, 38200E, sandy, pH

5.7 (KCl), 3.3% C). Analysis of top soil (0–30 cm) of

SITE1 showed that extractable P and K were 27 and

31 mg/100 g soil, respectively, and total mineral N

was 43 kg ha�1. Analysis of top soil (0–30 cm) of

SITE2 showed that extractable P and K were 75 and

31 mg/100 g soil, respectively, and total mineral N

was 113 kg ha�1. The experimental sites (360 m �
10 m each) were ploughed from Italian ryegrass in
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May 2001 and divided in 36 plots (10 m � 10 m each)

arranged along a watercourse at SITE1 or an east–west

oriented tree row at SITE2.

Apart from an unsown spontaneously evolving

plant community (CONTR.), three different sown

communities were studied (MIXT1, MIXT2, MIXT3).

MIXT1 was established with a seed mixture of 63

species comprising native seeds of local provenance,

for MIXT2 a commercially available seed mixture of

77 species comprising species completely unrelated to

the sowing region was used. The initial composition of

MIXT3 was identical to that of MIXT2, but once a

year, seed-rich herbage originating from neighbouring

roadsides was added. Roadsides were cut around the

end of September. The fresh unchopped herbage was

immediately transported and spread uniformly over

the plots a ratio of approximately 5000 kg fresh

herbage per hectare. Principal seed bearing species

were Daucus carota L., Centaurea jacea L., Tanace-

tum vulgare L., Plantago lanceolata L., Torilis

japonica DC, Pulicaria dysenterica Bernh. Plant

species in MIXT1 and MIXT2 were selected from a
Table 1

Crops adjacent to the field margins (period 2001–2003): crop rotation, fe

Year

2001

SITE1

Crop Sugar beet

Fertilizers 122 N

35 P

280 K

Herbicidesa 1 � Pyramin (3 L ha�1)

4 � Betanal progress (1.0, 1.0, 1.2, 1.5 L ha�1)

3 � Goltix (0.50, 0.25, 0.75 kg ha�1)

2 � Safari (30, 30 g ha�1)

1 � Fervinal (1.25 L ha�1)

SITE2

Crop Potato

Fertilizer 222 N

60 P

100 K

Herbicide –b

For abbreviations, see Section 2.
a Pyramin (520 g L�1 chloridazon); Betanal progress (62 g L�1 fenm

(700 g L�1 metamitron); Safari (50% triflusulfuron-methyl); Fervinal (12

iodosulfuron + 15% mefenpyr-diethyl); Aspect (250 g L�1 atrazin + 250 g
b No use of herbicides, organic farming.
wide range of vegetation types: annual and perennial

forbs from dry to moist grassland and perennial forbs

thriving in nutrient-rich soils. Nitrogen-fixing dicoty-

ledons were incorporated to improve the nutritional

value of the biomass.

In the installation year 2001, the field margin

plots were cut once on 15 September with removal

of the cuttings. During the subsequent years 2002

and 2003, the experimental plots were cut twice per

year with cuttings either left or removed resulting in

three different cutting treatments: REMOV0, no

removal of cuttings; REMOV1, removal of first

cutting; REMOV2, removal of both cuttings. The

cutting height was 5 cm. To allow the seed set of a

major part of the species and to allow the

establishment of young seedlings, the first mowing

date was postponed till 15 June. The vegetation was

cut a second time around 15 September. Care was

taken to reduce seed dispersal due to removal of the

cuttings.

Vegetation succession in the field margin occurred

under zero fertilisation and no herbicide and pesticide
rtilizer and herbicide application

2002 2003

Winter wheat Silage maize

220 N 180 N

30 P 35 P

80 K 65 K

1 � IP flo (3 L ha�1) 1 � Aspect (2 L ha�1)

1 � Hussar (0.2 L ha�1) 1 � Mikado (1 L ha�1)

Leek Carrot

160 N 0 N

25 P 0 P

225 K 150 K

–b –b

edifam + 128 g L�1 ethofumesaat + 16 g L�1 desmedifam); Goltix

0 g L�1 sethoxydim); IP flo (500 g L�1 isoproturon); Hussar (5%

L�1 flufenacet); Mikado (300 g L�1 sulcotrione).
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use. Adjacent crops and their fertilizer and herbicide

inputs are shown in Table 1.

The botanical composition of the vegetation was

recorded twice per year on 15 July and 15 October, 30

days after every mowing date. Species occurrence was

recorded within the central 4 m � 4 m area of each

10 m � 10 m plot. Species importance was derived

from presence in 16-randomly placed quadrats

(13 cm � 13 cm) within the central 4 m � 4 m area

of each plot according to the combined frequency–rank

method of De Vries and de Boer (1959). Species

presence was expressed in terms of importance (%)

based on the ranking of biomass contributed by the

various plant species within each quadrat. The

percentage of importance (I%) was calculated as

follows: within each quadrat ranks were assigned

according to the estimated biomass of each species: rank

1, for the species with the highest contributing in total

biomass; rank 2 for the second highest contribution, etc.

Then, for each species, the sum, Itot was made of the

number of times, ranks 1–3 was assigned in all quadrats

multiplied by a factor 3, 2, and 1, respectively. The I% of

an individual species was then calculated as Itot of that

species divided by the sum of Itot of all occurring

species. The original method was modified for use in

species-rich grassland containing many dicotyledons:

size of quadrats was increased relative to the original

10 cm � 10 cm in order to allow each occurring

species, also broad-leaved dicotyledons, to be recorded

with an equal probability.

The botanical composition in terms of importance

of functional groups was recorded in time by

calculating the percentile contribution, often func-

tional groups to the total importance (=100%). Species

were classified into the following functional groups:

annual and perennial legumes, annual and perennial

sown or spontaneous non-fixing dicotyledons, annual

and perennial sown or spontaneous monocotyledons.

The I% of a functional group was calculated by adding

the I% of all contributing species of that group.

Both the total number of species (species diversity)

and the number of sown wildflower species (spp./

16 m2) were determined by recording the presence or

absence of each individual species within the central

4 m � 4 m area. Similarity of vegetation development

between sown and unsown plant communities within

cutting treatments was compared using both Soren-

son’s qualitative measure, Cs and Sorenson’s quanti-
tative measure, CN (Magurran, 1988). Index Cs was

solely based on species occurrence, whereas index CN

incorporated both species occurrence and species

importance. In this paper, Cs was calculated within

each block as 2 j/(a + b), where j is the number of

species common to both communities A and B and a

and b are the number of species of communities A and

B, respectively. CN was calculated within each block

as
P

2N j=ðNa þ NbÞ, where Na and Nb was the total

importance of the communities A (Na = 100) and B

(Nb = 100), respectively, and N j was the lower of the

two percentages of importance for common species of

both communities.

To determine the pattern of succession in time,

regression analysis was used (SPSS10.0 for Win-

dows). Furthermore, S-plus 2000 for Windows was

used to carry out the statistical computations for a split

plot design.
3. Results

After 3 years of succession total species diversity

was significantly altered by the plant community

( p = 0.03) and the cutting treatment ( p = 0.001), but

not by the location. However, a significant interaction

between location and plant community occurred

( p = 0.03). At SITE1, CONTR. (16.1 spp.) was

species-richer than MIXT2 (14.9 spp.) and MIXT1

(14.3 spp.) (LSD = 1.9 spp.). At SITE2, the highest

species-richness was observed in MIXT1 (18.7 spp.)

followed by CONTR. (18.2 spp.) and MIXT2

(12.8 spp.) (LSD = 1.9 spp.). The addition of roadside

herbage significantly increased species-richness with

approximately 2 spp./16 m2 on both locations (SITE2:

MIXT3, 14.6 spp. versus MIXT2, 12.8 spp.; SITE1:

MIXT3, 16.8 spp. versus MIXT2, 14.9 spp.).

The species-richness was significantly higher for

REMOV2 (17.2 spp.) than for REMOV0 (14.4 spp.)

(LSD = 0.7 spp.). REMOV1 responded intermediary

with 15.8 spp.

During the first three successional years, species

diversity of sown communities decreased in time

under REMOV0 (Table 2). Species diversity of

MIXT2 decreased between 2001 and 2003 irrespective

of mowing regime or location with significant slopes

of regression equations at SITE2 (0.04 > p > 0.001)

and non-significant slopes at SITE1. Similarly, species
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Table 2

Species diversity (spp./16 m2) during succession (2001–2003) and slopes of linear regression of species diversity over time for four sown/unsown

plant communities under cutting with or without removal of all cuttings

Location Cutting

treatment

Plant

community

Before mowing

(September 2001)

After mowinga Slopesb

M1

(October 2001)

M2

(July 2002)

M3

(October 2002)

M4

(July 2003)

M5

(October 2003)

SITE1 REMOV0 CONTR. 34.3 8.3 24.7 21.0 17.0 16.3 �0.82

MIXT1 33.7 17.3 15.7 17.7 15.3 14.0 �3.99

MIXT2 49.7 18.0 15.7 14.3 17.0 12.7 �4.55

MIXT3 48.7 16.7 19.0 16.3 23.3 17.7 4.73

REMOV2 CONTR. 34.3 10.0 24.7 26.7 16.0 16.0 �1.18

MIXT1 33.7 18.0 18.7 19.7 18.0 15.0 �3.30

MIXT2 49.7 19.0 17.7 18.3 15.7 15.0 �5.57

MIXT3 48.7 19.0 27.3 15.7 21.3 18.3 �1.79

SITE2 REMOV0 CONTR. 13.7 14.0 19.3 18.0 15.7 16.0 0.65

MIXT1 33.0 21.3 20.7 17.3 18.7 15.3 �6.92*

MIXT2 42.0 25.3 14.0 11.7 12.0 11.3 �17.00***

MIXT3 42.0 23.0 19.3 12.3 18.3 12.0 �11.30*

REMOV2 CONTR. 13.7 10.3 17.0 20.7 15.3 19.0 8.18

MIXT1 33.3 18.3 24.7 25.7 23.0 20.3 2.00

MIXT2 42.0 24.3 22.7 17.3 17.0 14.7 �13.00*

MIXT3 42.0 24.0 28.0 13.7 26.6 19.0 �3.36

For abbreviations, see Section 2.
a M, number of subsequent cutting and associated monitoring date.
b Slopes of regression of species diversity on time (October 2001–October 2003).
* p < 0.05.

*** p < 0.001.
diversity of MIXT1 decreased (not significant) at

SITE1 irrespective of mowing regime. However, at

SITE2 species, diversity of MIXT1 increased (not

significant) under REMOV2, whilst it significantly

( p = 0.05) decreased under REMOV0. Obviously,

commercial species were less persistent than native

species since all slopes were more negative for MIXT2

than for MIXT1. At SITE2, the decrease in species

diversity of sown communities was hastened under

REMOV0, since slopes were more negative under

REMOV0 than under REMOV2.

Species diversity of CONTR. slightly decreased at

SITE1, but increased at SITE2 irrespective of mowing

regime (Table 2). As for the sown communities, the

increase in species diversity of CONTR. at SITE2 was

lower for REMOV0 than REMOV2. Since initially

species diversity was significantly higher for the sown

communities and since the unsown community

revealed a higher increase (SITE2) or lower decrease

(SITE1) in species diversity, species diversity of sown

and unsown communities converged during the first

three successional years, irrespective of mowing

regime or location.
The annual addition of roadside herbage after the

September cutting caused an annual peak (15 July) in

species-richness. However, the survival of introduced

species by the addition of roadside herbage was

unstable, which could explain the whimsical pattern

(Table 2) of species-richness in time. Furthermore, all

slopes of regression equations of MIXT3 were less

negative than the corresponding equations of MIXT2.

This means that the addition of roadside herbage

delayed the loss of species.

3.1. Fate of sown wildflowers

Upon establishment, 72% of the sown wildflower

species emerged in MIXT3 and MIXT2, and 42% in

MIXT1 (Table 3). During the following years, the

number of sown wildflowers decreased significantly,

irrespective of plant community, mowing regime or

location.

However, diversity of sown wildflower species

(except for SITEl and MIXT3 at SITE2) decreased at

higher rate under REMOV0 since all slopes of

regression equations were more negative under
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Table 3

Number of surviving sown wildflower species (spp./16 m2) during succession (2001–2003) and slopes of linear regression of number of

wildflower species over time for four sown plant communities under cutting with or without removal of all cuttings

Location Plant

community

Cutting

treatment

Before mowing

(September 2001)

After mowinga Slopesb

M1

(October 2001)

M2

(July 2002)

M3

(October 2002)

M4

(July 2003)

M5

(October 2003)

SITE1 MIXT1 REMOV0 19.0 7.0 3.7 4.0 3.7 3.7 �3.94*

REMOV2 19.0 7.3 7.7 5.7 5.3 4.0 �4.92**

MIXT2 REMOV0 41.0 6.7 5.7 4.7 4.7 3.0 �4.31**

REMOV2 41.0 8.0 7.3 6.3 4.3 4.0 �5.94*

MIXT3 REMOV0 41.0 5.3 7.0 5.0 5.3 4.0 �1.87

REMOV2 41.0 6.7 8.7 4.3 6.3 4.7 �2.65

SITE2 MIXT1 REMOV0 19.0 8.3 6.7 6.0 4.7 3.3 �6.46***

REMOV2 19.0 6.3 7.0 10.0 6.7 6.3 �0.41**

MIXT2 REMOV0 42.0 7.3 2.7 3.0 1.0 1.0 �8.24***

REMOV2 42.0 8.0 4.7 3.3 1.7 2.3 �8.07***

MIXT3 REMOV0 42.0 5.3 5.3 3.3 2.3 1.7 �5.38*

REMOV2 42.0 8.3 7.7 3.0 4.7 3.3 �6.51*

For abbreviations, see Section 2.
a M, number of subsequent cutting and associated monitoring date.
b Slopes of regression of species diversity on time (October 2001–October 2003.
* p < 0.05.

** p < 0.01.
*** p < 0.001.
REMOV0 than under REMOV2, irrespective of plant

community (Table 3).

In October 2003, the cutting treatment ( p = 0.005)

significantly determined the total number of surviving

sown wildflower species. The highest number of sown

wildflower species was recorded under REMOV2

(4.1 spp.), which significantly differed from REMOV1

(3.2 spp.) and REMOV0 (2.8 spp.) (LSD = 0.4 spp.).

3.2. Composition

During succession, the I% of perennials significantly

increased at the expense of the I% of annuals, which

significantly decreased irrespective of plant community,

mowing regime or location. In the installation year,

annuals showed a high I% and were even dominant in

the unsown community. The decrease in I% of annuals

occurred within all functional groups (monocotyledons,

non-fixing dicotyledons and legumes). The increase in

I% of perennials, on the other hand, was predominantly

attributed to the increase of perennial monocotyledons

and to a lesser extent to perennial non-fixing

dicotyledons or legumes.

The significant decrease in I% of annuals and

inversely the significant increase in perennials were
modified by mowing regime and plant community.

The decrease (annuals) and increase (perennials)

occurred at higher rate under REMOV0 (except for

MIXT2 at SITE2) since slopes of linear regression

equations were more negative and positive, respec-

tively, for annuals and perennials. Similarly, in sown

communities, the decrease of annuals and increase of

perennials was hastened in the vegetation of MIXT2.

The I% of monocotyledons increased significantly

in time, irrespective of mowing regime, plant

community or location with highest rates within

CONTR. and lowest in MIXT1. Furthermore, the I%

of monocotyledons increased at higher rate under

REMOV0 except for MIXT2 at SITE2. The increase

in I% of monocotyledons was attributed to the

increase in I% of perennial monocotyledons (both

sown and unsown) since annual monocotyledons

(sown and unsown) decreased in time.

Three years after installation, the actual I% of

monocotyledons was significantly determined by

location ( p = 0.04), plant community ( p = 0.03) and

mowing regime ( p = 0.05). SITE2 was more grassy

than SITEl (69.0% versus 59.4%) (LSD = 2.0%). The

fraction of monocotyledons was lowest in MIXT1

(60.1%) followed by CONTR. (67.0%) and MIXT2
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(69.7%) (LSD = 3.5%). The addition of roadside

herbage provoked a less grassy vegetation (MIXT3,

60.0% versus MIXT2, 69.7%). Under REMOV0,

communities were more grassy than under REMOV1

and REMOV2 (66.8% versus 63.9% versus 61.9%)

(LSD = 2.5%).

The I% of both annual and perennial legumes

significantly decreased over time in all sown com-

munities. This decrease in I% in sown communities

was more pronounced under REMOV0 than under

REMOV2. At SITE2, the decrease of legumes was not

affected by mowing regime since slopes of linear

regression equations were similar for REMOV0 and

REMOV2. In CONTR., the I% of legumes decreased

at SITE2, but not at SITE1, where they significantly

expanded at high rate, the significant expansion was

hastened under REMOV2. Three years after installa-

tion the actual I% of legumes was significantly

determined by location ( p = 0.02), plant community

( p = 0.003) and mowing regime ( p = 0.03). The I% of

legumes at SITE1 was two-fold of the I% at SITE2

(32.7% versus 15.4%) (LSD = 2.3%). MIXT1 had a

higher fraction of legumes than MIXT2 (29.1% versus

22.3%) (LSD = 4.3%). CONTR. showed the lowest

fraction of legumes (12.6%). The addition of roadside

herbage increased significantly the I% of legumes

(32.1% in MIXT3 versus 22.3% in MIXT2). The I% of

legumes was significantly higher under REMOV2

(REMOV2, 26.2%; REMOV1, 24.7%; REMOV0,

21.2%; LSD = 1.8%). During succession, the I% of

non-fixing dicotyledons significantly decreased at the

benefit of the monocotyledons, which significantly

increased in time, irrespective of mowing regime,

location or plant community. The highest rate of

change was found, similar as for the I% of

monocotyledons, in CONTR. followed by MIXT2.

At SITE2, the rate of decrease of non-fixing

dicotyledons was higher under REMOV0 than under

REMOV2 except for MIXT2. At SITE1, however, the

rate of decrease was not affected by the mowing

regime except for MIXT2, in which the decrease was

faster under REMOV0. The I% of annual non-fixing

dicotyledons significantly decreased in time, irrespec-

tive of plant community, mowing regime or location.

In sown plots, the I% of perennial sown non-fixing

dicotyledons significantly decreased in time, irrespec-

tive of mowing regime, location or plant community.

At the contrary, the I% of perennial spontaneous non-
fixing dicotyledons increased slightly in time, except

for MIXT2 at SITE1. In CONTR., the I% of perennial

spontaneous non-fixing dicotyledons increased

slightly at SITE2, but decreased significantly at

SITE1. The I% of spontaneous non-fixing dicotyle-

dons became inferior to the I% of spontaneous

monocotyledons, irrespective of mowing regime,

location or plant community, despite the initial higher

I% of spontaneous non-fixing dicotyledons.

Three years after installation, the I% of non-fixing

dicotyledons was significantly altered by location

( p = 0.04) and plant community ( p < 0.00l), but not

by the mowing regime. The I% of dicotyledons was

twice as high at SITE2 than at SITE1 (15.6% versus

7.9%) (LSD = 1.6%). The highest fraction of dicoty-

ledons was observed within CONTR. (20.4%)

followed by the sown communities MIXT2 (10.8%)

and MIXT1 (8.1%) (LSD = 2.5%).

3.3. Similarity of succession

In general, Cs significantly increased during the

early succession period 2001–2003: all regression

equations had a significant positive slope, with p-

values between 0.05 and 0.0001 except for MIXT2

under REMOV2 (almost significant) (Table 4). This

means that species composition of sown and unsown

communities within mowing treatments became more

similar in time. Furthermore at SITE2, but inversely at

SITE1, slopes of all equations under REMOV2 were

higher than under REMOV0, irrespective of plant

community, indicating that similarity in species

occurrence occurred at higher rate when cuttings

were removed. At SITE2, slopes of equations were

higher for MIXT3 with the addition of roadside

herbage than for MIXT2, irrespective of mowing

regime. A similar result was found under REMOV0 at

SITE1.

CN was determined by location. During succession,

no significant change (except for MIXT2 under

REMOV2) in CN was observed at SITE2 with in

general slightly negative slopes (except for the slightly

positive slope of MIXT1 under REMOV0) and p-

values between 0.971 and 0.240 (Table 4). At the

contrary, CN increased significantly between 2001 and

2003 at SITE1 with the slope of all linear equations

being positive with p-values between 0.05 and 0.006.

MIXT2 revealed higher rates of convergence than
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Table 4

Slopes (�10�4 per day) of regression equations of Sorenson’s similarity measures between sown and unsown communities within cutting

treatments, over time (period 2001–2003)

Comparison pair CN
a Cs

b

SITE1 SITE2 SITE1 SITE2

REMOV0 REMOV2 REMOV0 REMOV2 REMOV0 REMOV2 REMOV0 REMOV2

MIXT1-CONTR. 2.572* 3.699** 0.044 �1.046 4.538** 3.454* 2.093* 2.193*

MIXT2-CONTR. 4.447* 5.573*** �0.526 �1.387* 3.806** 3.305** 1.826* 1.952

MIXT3-CONTR. 4.874** 4.563** 1.453 0.996 4.258*** 2.848** 3.077* 4.209*

For abbreviations, see Section 2.
a CN, quantitative Sorenson’s index.
b Cs, qualitative Sorenson’s index.
* p < 0.05.

** p < 0.01.
*** p < 0.001.
MIXT1 at SITE1. Similarly, rate of convergence was

faster under REMOV2 than under REMOV0.

Three years after installation, CN was significantly

determined by the mowing regime ( p = 0.02) and

location ( p = 0.001), but not by the plant community.

CN was significantly lower at SITE2 than at SITE1

(0.18 versus 0.39) (LSD = 0.04). CN was significantly

higher for REMOV2 (0.32) than for REMOV0 (0.23)

(LSD = 0.03). At the end of 2003, CN showed

significant interaction between plant community and

location ( p = 0.05). At SITE2, CN was not influenced

by the plant community (MIXT2, 0.21; MIXT1, 0.21),

whereas at SITE1, CN was significantly higher for

MIXT2 (0.45) than for MIXT1 (0.28) (LSD = 0.06).
4. Discussion

Species diversity of unsown and sown communities

converged during the first three successional years after

establishment on ex-arable land. So, species diversity on

the long-term seemed unaffected by the type of plant

community that was installed. Initially, species diversity

was significantly increased by sowing species-rich

mixtures. However, in the subsequent years, floristic

diversity of sown communities decreased (commercial

community) or remained stable (native community).

Meanwhile, the unsown community became species-

richer. This is in accordance with West and Marshall

(1996), who found naturally regenerated plots to have

lower species diversity than sown plots during the first

year, but species numbers remained stable in unsown

plots in the second year, whereas they decreased in the
sown plots. Also Marshall and Nowakowski (1995)

found that over a 5-year period, species diversity of

sown flower strips decreased in time on fertile soils.

However, Kleijn et al. (1997) found that, after 3 years of

succession, species numbers only reached considerable

levels when species were sown, irrespective of any

relationship between vegetation productivity and

species-richness. The rates of successional changes in

species diversity were significantly directed by the

mowing regime and the plant community. The decrease

in species diversity in sown communities was hastened

under a mowing regime without the removal of cuttings

and/or when the plant community was based on a

commercial seed mixture of foreign provenance instead

of a native seed mixture.

Three years after installation, species diversity was

significantly higher under a mowing regime with

complete removal of cuttings than under a regime with

no or partial removal of the biomass. Indeed, the non-

removed biomass hampered the growth in the aftermath

and prevented the introgression of species. Also,

Persson (1995) found that yearly mowing with removal

of cuttings was necessary to keep high number of

species in roadsides, especially the low-growing ones.

The annual addition of roadside herbage on margin

strips offers opportunities to enhance species-richness.

The annual addition of seed-rich roadside herbage

significantly increased the floristic diversity with

approximately 2 spp./16 m2. The evolution of the

species-richness in time was however irregular. A

single addition of roadside herbage was not sufficient to

increase species-richness in a sustainableway during the

early successional stage. Many emerging species of
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roadside provenance were subdued due to high

vegetation productivity. The number of occurring sown

wildflower species decreased in time in sown commu-

nities, irrespective of plant community, location or

mowing regime. However, the decrease was hastened

under a mowing regime without the removal of cuttings

and/or when the plant community was based on a

commercial seed mixture of foreign provenance instead

of a native seed mixture.

Vegetation succession during the first three

successional years caused drastic changes in the

proportional importance of functional groups.

Annuals, although initially highly present (even

dominant in unsown plots), steadily decreased in

importance, whilst perennials steadily increased in

importance. These changes occurred at higher rate

when cuttings were not removed and/or in vegetations

based on commercial seed mixtures. Convergence in

species occurrence between pairs of sown and unsown

communities within mowing treatments was observed

irrespective of sown communities or location. This is

not in accordance with Warren et al. (2002) who

found, over a 6-year period, that the cut and/or grazed

vegetation in sown and non-sown plots, installed on

ex-arable land, converged in terms of abundance of

species rather than in the number of species they

contained. After three successional years, similarity of

species occurrence was no longer significantly

determined by the type of plant community or

mowing regime. However, dissimilar with species

occurrence, convergence in species importance

between pairs of sown and unsown communities

within mowing treatments only occurred at SITE1

whilst a slight divergence was observed at SITE2.

This research revealed that the development of

species-rich field margin strips was not strongly

affected by the installed type of margin strip since

species diversity converged in time, whether strips

were sown or not. Convergence between unsown and

sown margin strips occurred also in terms of species

composition: unsown and sown strips became similar

in time. Mowing without removal of cuttings

significantly reduced species-richness, yielded more

grassy margin strips and retarded similarity in species

composition between sown and unsown margin strips.

As farmers are afraid of the development of weedy

annual and rhizomatous species, they prefer a sown to

a spontaneously emerging vegetation (Van der Meulen
et al., 1996). A cutting management fits into their

perception of ‘clean’ fields. Hence, the promotion of

field margins might be more successful, if farmers are

advised to use a seed mixture upon installation of the

margin, and if they are advised to cut the margin twice

a year. Furthermore, a cutting management of pro-

ductive vegetation with removal of the cuttings will

accelerate mineral depletion of the soil, promoting the

development of botanically diverse vegetation.
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