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Abstract: Calcareous grasslands are considered as biodiversity hotspots in Europe due to their high diversity 
in both plant and animal species. As in many European countries, Belgian calcareous grasslands suffered a 
high decline during the past decades. As a consequence, different actions were launched in the country as 
early as 1990 to restore calcareous grasslands from oak coppices and pine forests. The aim of this study was to 
provide an evaluation of the restoration success. First, the restoration of soil conditions was studied by 
comparing soil samples from forests, restored grasslands (3 age classes) and control grasslands (12 sites ; 150 
samples). Those analysis revealed a slight nitrogen impoverishment in woodlands that did not persist in 
restored grasslands. We also observed a slowing down of the soil dynamics (higher C/N and Fe concentration; 
lower pH) in woodlands and recent restorations, which was partially resorbed in older restorations. As a 
second step, we assessed the success of restoration in terms of floristic composition. Floristic relevés were 
taken at the same sites than soil samples (12 sites ; 240 relevés). We found that the older a restoration was, the 
closer its floristic composition and vegetation structure were from control grasslands. Nevertheless, numerous 
differences still subsist after 15 years (lower species richness, lower proportion of typical species, higher 
shrubs and social grasses cover, lower bare ground cover). Moreover a few rare species did not colonise 
restored grasslands despite the presence of neighbouring seed sources. 
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Introduction 

Calcareous grasslands are biodiversity hotspots in temperate countries (Prendergast et 
al., 1993 ; WallisDeVries et al., 2002). They are now recognized as priority natural 
habitats following the European Directive 92/43/EEC. Previously widespread, those 
ecosystems became dramatically fragmented since the World War II due to the 
abandonment of the traditional agro-pastoral systems, leading to their encroachment, the 
re-aforestation or the transformation into arable lands (Poschlod & WallisDeVries, 
2002). As a consequence, most of the remaining sites have been included in natural 
reserves. Despite this, the decline of biodiversity in calcareous grasslands has not been 
stopped. Nowadays, there is an urgent need for restoring grasslands surfaces in order to 
maintain biodiversity at its current level. In Belgium, calcareous grasslands restorations 
took place since the beginning of the 1990’s. It is now time to give a first evaluation of 
those restoration actions. The aim of this study was to evaluate the success of 
restoration actions realised during the last 15 years following two axes. 1) an evaluation 
in terms of soil conditions. 2) a study of the re-colonization of the restored areas by 
vascular plants. The global aim was to evaluate the ecological efficiency of the 
restoration.��
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Figure 1. Restoration history near Han-sur-Lesse (southern Belgium). GIS contibutors: Delescaille LM., 
Piqueray J., Vandendorpel, A. 

Materials and methods 

Twelve sites were chosen in order to cover equally 3 age classes since restoration (2-4 
years ; 5-8 years ; 10-15 years). Soil and vegetation samples (n = 150 and 240 
respectively) were taken in restored areas, in adjacent control grasslands and in adjacent 
control woods (last only for soil samples). By analysing soil samples, we assessed soil 
parameters (N, P, K, C, C/N, pH, Fe, soil depth). Multivariate analyses (PCA and DCA) 
and ANOVAs allowed the comparison between restored and control grasslands for soil 
conditions and vegetation parameters (Ellenberg values, bare ground cover, social 
grasses cover  (Brachypodium pinnatum + Bromus erectus), shrub cover, species 
richness). Floristic analyses allowed the identification of indicator species for restored 
and control grassland as well as species absent from restored areas. 

Results and discussion 

Soil analyses revealed that the main source of variation between soil samples was 
nutrient status (principally N and K) (Fig. 2a). However, this variation was not linked to 
the age classes, excepted for woods which had lower N contents than grasslands 
(control and restored). Nevertheless woods and recent restorations showed a lower 
mineralization rate (lower pH, higher C/N and higher Fe content). Though this 
mineralization rate tended to increase in older restoration, a higher Fe content still 
persisted in 10-15 years restorations compared to control grasslands (difference ca. 
3ppm/20%, Table 1). This result is quite encouraging for restoration. No strong sign of 
a nutrient enrichment was showed following encroachment as it was sometimes 
mentioned in literature (Green, 1972 ; Hurst & John, 1999). More investigations are 
needed to characterize the impact of the remaining Fe excess in old restoration and to 
detect other possible long-term consequences of the decrease of mineralization rate 
following encroachment.   
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Figure 2. Multivariate analyses graphs of (a) soil samples (ACP) and (b) vegetation samples (DCA). Legend : 

control woods (purple), 2-4 yrs restorations (red), 5-8 yrs restorations (blue), 10-15 yrs restoration (green), 
control grasslands (yellow). 

Table 1. Anovas for soil and vegetation parameters.  

Restored grasslands 
Soil parameters Control 

woods 2-4 years 5-8 years 10-15 years 

Control 
grasslands 

P-value 

N (g/100g) 0.512 a 0.549 ab 0.591 b 0.577 b 0.575 b 0.035 

P (mg/100g) 0.909 0.995 0.995 1.074 0.963 0.217 

K (ppm) 14.83 15.27 16.74 13.34 15.97 0.582 

C (g/100g) 7.10 7.72 8.17 7.22 7.26 0.189 

Fe (ppm) 20.03 a 20.91 a 17.9 a 17.92 a 15.15 b <0.001 

C/N 14.0 a 14.1 a 14.1 a 12.6 b 12.7 b <0.001 

pH 5.3 a 5.1 a 6.0 bc 6.2 c 5.7 b <0.001 

Soil depth 8.34 7.56 9.73 7.38 8.19 0.054 

Vegetation parameters             

L Ellenberg - 6.84 a 6.88 a 6.98 b 7.16 c <0.001 

T Ellenberg - 5.41 a 5.39 a 5.43 a 5.57 b <0.001 

F Ellenberg - 4.37 a 3.97 b 3.78 c 3.56 d <0.001 

R Ellenberg - 7.04 a 7.18 b 7.17 b 7.13 ab 0.038 

N Ellenberg - 4.74 a 3.38 b 3.00 c 2.67 d <0.001 

Species richness - 15.0 a 16.8 b 18.9 c 20.6 d <0.001 

Social grasses cover (%) - 15.9 a 37.3 c 39.7 c 30.3 b <0.001 

Shrubs cover (%) - 12.0 a 8.5 b 5.2 c 2.4 d <0.001 

Bare ground (%) - 15.86 c 2.83 a 2.36 a 6.40 b <0.001 
 
The DCA performed on the floristic data showed a gradient of restoration age classes, 
indicating a temporal evolution of the flora (Fig. 2b), with a floristic composition more 
and more close to that of control grasslands in older restoration age classes. Older 
restored grasslands exhibited lower N and F Ellenberg values, lower shrubs cover, 
higher L Ellenberg value and species richness. However, even 10-15 years restored 
grasslands did not reach the status of control grassland for all those parameters (Table 
1). Moreover the oldest restored grasslands significantly showed higher social grasses 
cover than control grasslands. The dominance of those species, particularly 
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Brachypodium pinnatum, could lead to species impoverishment of the grasslands 
(Bobbink & Willems, 1987). The floristic analysis emphasised the predominance of 
ruderal species in recent restorations (e.g. Taraxacum sp., Cirsium vulgare). Those 
species were mainly replaced by typical grassland species in older restoration. 
Nonetheless, some typical species remained highly linked to control grasslands. Some 
of them (e.g. Trifolium montanum, Pulsatilla vulgaris) even did not colonize restored 
grasslands at all, despite the presence of seed sources in the direct neighbouring. Those 
results are consistent with those of similar studies in Europe (e.g. Dzwonko & Loster, 
1998 ; Lindborg & Eriksson, 2004). Restoration of calcareous grasslands by removing 
shrubs and trees is rapid in the first years in terms of species composition, species 
richness, vegetation structure, etc. However, after quite long time (ca. 10 years), 
differences are still observed with reference grasslands for most of those indicators. The 
restoration of those habitats must be considered to be completed within several decades.  

Conclusions 

The restoration actions performed in Belgium actually lead to concrete results. After 
10-15 years, soil conditions, species composition and vegetation structure tend to be 
closer to that of control grasslands, although many differences still persist. Particularly, 
the growing social grass cover is to be monitored in old restorations, as it could be 
problematic for the restoration of a species-rich grasslands. A focus should also be 
given to species that did not colonize restored areas. Further investigations are needed to 
determine the limiting factors for their installation in restored grasslands. 
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