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Introduction 



Introduction 

Plan SIGMA 2010-2030: developing a safe, natural and 
economically attractive Scheldt region 

Restoring nature of the Scheldt region: realising Europe’s nature 
objectives  
better protection against floods: dikes, flood control areas, 
depoldering 
 

Restoration of valuable nature which has been lost along the 
Scheldt and its tributaries: 

Tidal areas: mudflats, marshes 
Wetlands: marsh forests, open water, reeds beds, grasslands 

 



Flanders – Northern belgium 



Project areas of SIGMA 



Projectarea Grote Nete  (850 ha) 





Restoration measures in the Grote Nete valley 

Rewetting the river valley:  
increase of waterlevel of the Grote Nete by introducing  
dams, 
open connections between the river and tributeries,  
lowering dikes. 
 

Restoration measures with a lot of soil transport: 
connecting pools, 
widening tidal zones, 
creating wetlands and marshes, 
filling up drainage ditches. 

 
 



Natura 2000 objectives 
 

European nature objectives have been formulated for the Grote 
Nete valley, for species as well as for habitats. 

 
 
In this valley potential habitat is needed for: 
 ca 16-20 pairs of corn crakes (Crex crex)  
 ca 18-22 pairs  spotted crakes (Porzana porzana) 

 



 
 

Corn crake 

Breeds in open or semi-open habitats, mainly meadows with 
tall grass.  

Suitable habitats include moist, unfertilised grassland and 
regularly cut meadows in areas of low-intensity agriculture 
where vegetation grows tall in summer.  

Wetlands and marsh edges may act as important refuges when 
drier habitats are unsuitable.  

It avoids very marshy areas, standing water and those areas 
with a thick layer of dead grass or very dense vegetation above 
50 cm tall.  
 

 



 



Freshwater wetlands with a range of water depths or where 
water levels vary seasonally : 

very shallow water (< c.15 cm) 
typically foraging in water < 7 cm deep  that is rich in 
invertebrate food and is interspersed with stands of low 
vegetation cover 

 

Suitable habitats include seasonal and permanent marshes and  
damp meadows, the edges of drainage ditches, swamps, 
seasonally flooded pans, pools in flooded grassland, slow-flowing 
rivers. 
 

 

Spotted crake 





Objectives 

Open regulary cut moist grassland on unfertilised soils, not dense and 
without a thick layer of litter is needed 

soils with low-moderate concentrations of nutrients  
 

 

Define possibilities and constraints for the restoration and creation of open 
moist nutrient poor grasslands and marches on agricultural land  

 
 

Investigate environmental conditions in the project-area 
Measure the distance to target (habitat conditions semi-natural 

grassland)  
Possibilities for restoration 
Gaps of knowledge 
 



Agricultural soils: nitrogen and 
phosphorus in exces 

Large stocks of both nitrogen and phosphorus 
nitrogen occurs as nitrate 
phosphorus mainly adsorbed or precipitated as inorganic 
phosphates (complexes with Ca, Fe or Al) or bound to organic 
molecules  

 

Agricultural soils were often intensively fertilised with slurry or 
farmyard manure during many decades  
 

Nowadays, legislations for fertilization are significantly stricter. 
E.g. in Flanders, the new Manure Action Plan (MAP): 

only 39 kg nitrogen in surplus is added to one hectare of 
agricultural land 
less phosphorus is being fertilized than crops need 

 



Scheme of three important P-pools in 
the soil 
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p < 0.001 



Potential habitats 

 KK (corn crake): suitable as breeding and 
foraging habitat 

 PH (spotted crake): suitable as breeding and 
foraging habitat 

 PH-A (spotted crake): suitable as breeding 
habitat and also as foraging habitat if more 
restoration measures are taken 



Environmental 
conditions of the 
project area 



Soil conditions 

Each parcel: mixed sample of 5 subsamples 
 

 

Soil profiles:  
sampling with a frequency of 10 cm 
depth: 50 cm 

 

Analyses soil samples: 
total P en Fe 
P (Olsen) 
P, Fe en Al (oxalate extract) 
pH-H2O 
CNS elementanalysis 
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Groundwaterdynamics 
Groundwater chemistry:  

pH, EC, HCO3, PO4, NO3, NO2, NH4, SO4, Cl, Na, K, Ca, Mg en Fe 

 

Hydrological conditions 
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Measure the distance to target 

(habitat conditions semi-natural 

grassland) 



A comparison of soil properties on iron-rich 
agricultural land and semi-natural grasslands 

p-value

N Mean ± standard error N Mean ± standard error 

pHH2O 208 5.4 (± 0.05) 93 5.5 (± 0.1 )

C (%) 208 5.5 (±  0.2) 92 8.6 (± 0.5 ) < 0.001

Ntot (%) 205 0.5 (± 0.02 ) 56 0.5 (± 0.06 )

Stot (%) 208 44.0 (± 3.3 ) 99 1.0 (± 0.06) < 0.001

Fetot (mg/kg) 208 87726.3 (± 3560) 99 63164.7 (± 5150 ) < 0.001

Bioavailable P (mg POlsen/kg) 208 57.7 (±  2.8) 92 12.2 (± 1.5 ) < 0.001

Ptot (mg/kg) 208 4298.81 (±  262) 99 1253.5 (± 222 ) < 0.001

Semi-natural grasslandAgricultural land



Phosphorus in relation to iron 



Phosphorus in relation to iron 



Acive P-pool in relation to iron on 
agricultural land 
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Species reponses to bioavaliable 
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Habitat conditions - nutrients 
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Habitat conditions - groundwater 

Flooding 
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Arrhenaterion open water - ditches Alopecurion Calthion Filipendulion Phrgamition 



(Fe-S)/P-
ratio 



Processes occuring during inundation 
of ferric soils 



Possibilities for 
restoration 



Time needed to deplete P with mowing  
and P-mining 

Plot Olsen-P Overmaat P Duur maaien Duur uitmijnen 

1 49 18940 1894 989 

2 70 29580 2958 733 

3 67 29033 2903 1163 

03A 52 38157 3816 1246 

4 14 0 0 0 

5 35 20826 2083 2078 

6 34 34494 3449 2589 

7 37 6757 676 266 

8 49 17598 1760 970 

9 14 0 0 0 

10 15 0 0 0 

11 32 11182 1118 788 

12 35 11281 1128 798 

13 23 3059 306 306 

14 55 21660 2166 1046 

14A 8 0 0 0 

15 31 15126 1513 1509 

16 47 20422 2042 1216 

17 39 14940 1494 1084 

18 20 10610 1061 1061 

19 24 3606 361 360 

20 14 0 0 0 

21 16 0 0 0 

22 7 0 0 0 

23 6 0 0 0 

24 6 0 0 0 

 



 < 15 mg/kg 15-25 mg/kg 25-50 mg/kg >50 mg/kg 

KK 90  84, 87, 89, 92, 93, 

97, 99 

83, 85, 86 ,88, 91, 94, 

98, 100 

PH-A    113, 114, 115, 116, 

117 

 



Ecological restoration – Conservation mangement 
Ecological restoration: 

rewetting 
removal of schrubs 
removal of nutrients 
tillage + haytransfer? 

 

Conservation management: 
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Arrhenaterion open water - ditches Alopecurion Calthion Filipendulion Phrgamition 

No management  
natural dynamics Cyclic mangement Mosaic/grazing 

Sinus mangement 



Mosaic management 



Sinus management 



Conclusions 



Conclusions  

 Selection of the most potential areas  for the creation of corn 
crake habitat based on  
o environmental start-conditions in comparison with reference-

conditions 
o an indicator for internal eutrophication 

 

 Advice considering restoration and conservation measures 
o No mowing/mining/topsoil-removal to remove nutrients 
o Mosaic/sinus management to enlarge structural diversity 

 

 Uncertainties: 
o Wat is the risk for eutrophication? Is the indicator good enough? 
o More process-based research about the effect of rewetting on P-

pools in ferric soils is needed 
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