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Introduction

Stability of dykes



Introduction

Dyke stability depends on many factors

Also on the vegetation



Vegetation

Main factor determining erosion resistance

� Covers the soil
� Provides cohesion of soil: root network



Previous studies

Important factors:

� Vegetation type

� Management

� Root density

(erosion resistance)



Previous studies

Important factors:
- Grazing, little fertilization

or “lawn-management”

- Haymaking, no fertilization

- Grazing, with fertilization

- Haymaking, with fertilization
or “no removal”

� Vegetation type

� Management

� Root density



Previous studies

Important factors:
Grazed meadow

Hay meadow

- Pioneer
- Species-poor
- Moderate richness
- Species-rich

- Rough / course
- Species-poor
- Moderate richness
- Species-rich

� Vegetation type

� Management

� Root density



Previous studies

Important factors:

� Vegetation type

� Management

� Root density



Root density

Laboratory: labour intensive
only by specialized persons

Manual method: quick
can be done by anyone (after some practice)



Root density

Manual method

� 0-20 cm depth



Root density



Root density

Manual method

� 0-20 cm depth

� 8 layers (2.5 cm each)



Root density



Root density

Manual method

� 0-20 cm depth

� 8 layers (2.5 cm each)

� No. of roots (cm) per layer



Root density



Root density



Manual method

� 0-20 cm depth

� 8 layers (2.5 cm each)

� No. of roots (cm) per layer
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Root density

Usually 4 samples averaged



Root density

Manual method

Roots

Root density

Class

bad moderate goodvery
bad

Depth



Root density

Manual method

Depth
Roots

Root density

Class

bad moderate goodvery
bad
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Root density

Manual method

bad moderate goodvery
bad

Depth
Roots

Root density

Class



Safety assessment

Every 5 years:
dyke safety has to be assessed

Protocol: VTV (Voorschrift Toetsen op Veligheid)

� Vegetation type

� Management

� Root density



Safety assessment

Every 5 years:
dyke safety has to be assessed

Protocol: VTV (Voorschrift Toetsen op Veligheid)

� Vegetation type

� Management

� Root density In January or February !



Seasonal root density

Can root density be assessed in other seasons ?

Is there seasonal variation ?

Can the “manual method” pick it up anyway ?

How large is this variation in relation to VTV ?

Can summer samples be adjusted to winter situation ?



Seasonal root density

Year-round seasonal study

19 studied dykes  (12 river-, 7 sea-)
6   Grazed, with fertilization
5   Grazed, little fertilization
5   Haymaking
3   Haymaking and Grazing



Seasonal root density

Year-round seasonal study

19 studied dykes  (12 river-, 7 sea-)

12 sampling rounds:  oct. 2007 – sept. 2008
8 depth layers
average of 4 samples (100m dyke plot)

6   Grazed, with fertilization
5   Grazed, little fertilization
5   Haymaking
3   Haymaking and Grazing



Seasonal root density

Year-round seasonal study

19 studied dykes  (12 river-, 7 sea-)

12 sampling rounds:  oct. 2007 – sept. 2008

average of 4 samples (100m dyke plot)
8 depth layers

6   Grazed, with fertilization
5   Grazed, little fertilization
5   Haymaking
3   Haymaking and Grazing



Seasonal root density

Statistical analysis: GLM

Round (= time)

Repeated measurements (otherwise pseudo-replicates)

Layer (= soil depth)
Each layer depends on previous (otherwise pseudo-replicates)

Management type



Seasonal root density

Statistical analysis: GL MIXED models

Round (= time)

Repeated measurements

Layer (= soil depth)
Each layer depends on previous

Management type



Seasonal root density

* Dependent Variable: Root density (average class).

2E-173.1971363.1577Round*Layer

2E-79234.532155.867Layer

5E-1916.551113.7411Round

0.06272.87019.553Management

2E-254845.38720.051Intercept

Sig.FDenominator dfNumerator dfSource

Type III Tests of Fixed effects



Seasonal root density

Seasonal root density
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Seasonal root density

Seasonal root density per management type (layers a veraged) 
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Seasonal root density

Seasonal root density
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Range: 0.75

Avg summer – Avg winter = 0.36



Seasonal root density

Seasonal root density
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Seasonal root density

Instead of allowing a free new fitfree new fit for each new month…

Roots counted by well mixed pair of observers:  Observer type 1
Roots counted by pair of suspected high-raters: Observer type 2
Roots counted by pair of suspected low-raters:  Observer type 3
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Also: try to adjust for possible “observer effect”

- Or directly fit a sinoïd curve

- Directly fit a 4th order polynominal



Seasonal root density

Fitted seasonal root density (layer 4)
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Fit to a sinoïd curve

Range: 0.48



Seasonal root density

Fitted seasonal root density (layer 4)
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Range: 0.48

Range: 0.31

Seasonal effect still strongly significant !
Observer effect was significant: better model



Conclusions

Seasonal effect present

Detectable with the manual method used for VTV

At least 0.3 root-class units

Roots

Root density

Class

bad moderate goodvery

bad

Depth



Conclusions

Seasonal effect present

Detectable with the manual method used for VTV

At least 0.3 root-class units

~  judgement will be ½ quality grade better

Seasonal correction may be possible…?
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� Seasonal effect clearly detectable

� Size ca. ½ quality grade
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