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Introduction

-Sandy
-Acidic
-Poor in nutrients

SOILS

PODZOL SOIL100 cm
UMBRISOL SOIL

35-40 cm

Central distribution area Southern limit  distribution area

Friedrich et al. 2011 Calvo-Fernández et al. 2015



Introduction

The response of the ecosystem to disturbance…

depends on

RESISTANCE: capacity to withstand 
disturbance

RESILIENCE: capacity to recover after
disturbance

From Griffiths & Philippot (2012)

Pimm, 1984
Orwin & Wardle, 2004
Banning & Murphy, 2008



Questions

1. Are heathland soils from the southern limit
resistant to prescribed fire?

2. How is the resilience to long-term?

3. Do soil properties show the same resistance
in relation to nitrogen depositions with or
without fire?



Study sites

Cantabrian Mountains 

(NW Spain)

San Isidro 1636 m

Riopinos I 1660 m

Riopinos II 1560 m

❖ Boundary Atlantic-Mediterranean regions

❖ Eurosiberian climate

❖ Three study sites (> 1500 m a.s.l.)



Experimental design

San Isidro 1636 m

Riopinos I 1660 m

Riopinos II 1560 m

F

C
B+F

B

In each study site:

F: fertilized plot.  Fertilisation with 56 kg ha-1 y-1 during 13 years
C: control plot. No treatments
B: burning plot. Burnt in June 2005
B+F: burning plus fertilized plot

 

 Riopinos I Riopinos II San Isidro 

Relative moisture (%) 40 56 62 

Wind speed (ms
-1

) 2.4 1.6 - 

Ambient temperature (ºC) 20 17 16 

Average fuel loading (kg m
-2

) 

- Calluna vulgaris 

- Erica tetralix 

 

2.02 

0.00 

 

2.10 

0.17 

 

1.95 

0.10 

 



Data collection

In each plot:

Subplot 1

Subplot 2

Subplot 3

Soil samples

Physico-chemical:  pH

Chemical: ✔ Total organic carbón (TOC)

✔ Available phosphorous (Av. P)

✔ Total nitrogen (N)

✔ Ammonium (NH4
+)

✔ Nitrate (NO3
-)

Soil analysis



Resistence and resilience index

) 

Do = Co – Po at the end of the disturbance 

+ 1: maximal resistance

- 1: minimal resistance

Do = Co – Po at the end of the disturbance 

Dx = Cx – Px at the time point x

+ 1: maximal resilience

-1: minimal resilience

Orwin & Wardle, 2004



Results 

RESISTENCE AFTER PRESCRIBED FIRE 

- Low fire severity
- No total consumption of vegetation
- More recalcitrant carbon than ashes

Múgica et al., 2018Mohamed et al., 2007



Results 

RESILIENCE AFTER THIRTEEN YEARS

Low resilience

Múgica et al., 2018



Results 

RESISTENCE AFTER FERTILIZATION AND BURNING + FERTILIZATION DURING THIRTEEN YEARS

Opposite pattern



Results 

RESISTENCE AFTER FERTILIZATION AND BURNING + FERTILIZATION DURING THIRTEEN YEARS

Same pattern



Summary

1. Heathlands soils from the southern limit distibution show a good resistance to
prescribed fires. Soil pH and total nitrogen showed the maximal resistence.
However, N mineral forms were more sensible to fire.

2. The resilience to prescribed fire was very low for all variables and thirteen years
after fire, soil variables did not recover its initial conditions.

Prescribed fire:

Nitrogen deposition  and Prescribed fire +N:

1. Total organic carbon, total nitrogen, ammonium and pH showed the same
resistance patterns during the first years after disturbances. However, from seven
years on the resistence index showed the opposite pattern.

2. Both the pH and total N and C forms are more resistant to the changes than the
mineral ones.
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