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Examples in Europe
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Mixtures in forest ecosystems
Competition for resources
Complementary AttributesComplementary Attributes
Facilitation

Sources: Rothe & Binkley ( 2001) Can. J. For. Res. and
Kelty (2006) For. Ecol. Manage.

Why nitrogen fixers?
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Source: http://en.wikipedia.org/wiki/File:Nitrogen_Cycle.svg

N-fixing symbionts

Source: http://academic.reed.edu/biology/Nitrogen/Nfix1.htmlSource: Foth (1984) Fundamental of soil Science



4

Where does this N addition matter?
Soils with inherently low N status 
(e.g., newly developed / young soils)  ( g y p y g )

Source: Bonanza Creek LTER website; Walker (1989) Arct. Alp. Res.

Example: ALDER (Alnus) on floodflains

Where does this N addition matter?
Soils where N status has been 
lowered (e g by fire)lowered (e.g., by fire)

Snowbrush (Ceanothus)
In the western US
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Some N fixation rates 1983

Some N fixation rates – Ceanothus  

PNW-GTR-182 (1985)
30-70  kg N ha-1 yr-1



6

Some N fixation rates - alder 
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Sources: Binkley et al (1994) IN: Biology and Management of alder

Pure red alder ~100 kg N ha-1 yr-1

Mixed stands ~ 50 kg N ha-1 yr-1

other alder spp  2-15 kg N ha-1 yr-1

Growth effects  – Ceanothus

S dliSeedlings
(< 1yr)

Source: Zavitkovski & Newton (1969) Ecology
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Growth effects  – Ceanothus

Source: Erickson& Harrington (2006) For. Ecol. Manage.

Conifer Growth effects  – Ceanothus

Source: Erickson& Harrington (2006) For. Ecol. Manage.
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Growth effects  – Ceanothus

Source: Erickson& Harrington (2006) For. Ecol. Manage.

The alder story………1994
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Lodgepole pine regeneration - Sitka alder

no alder

Increasing alder removal

no alder

Source: Simard et al (2006) Can. J. For. Res.

with
alder

Lodgepole pine regeneration - Sitka alder

Source: Simard et al (2006) Can. J. For. Res.

no alder lots alder

Loss of N availability benefit
Decrease in survival
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Alder effects  – soil N status

Source: Cole et al. (1990) WASP

Source: Van Miegroet et al. (1990) Proc. 7th North Amer. For. Soils. Conf.

Growth effects previous alder sites
Conversion experiment @ Thompson Site, WA 
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Growth effects previous alder sites
Conversion experiment 
@ Thompson Site WA@ Thompson Site, WA 

DF to DF Alder to DF

Growth effects in mixed stands
N-Poor site:
FacilitationFacilitation

N-Rich site:
Competition

Source: Binkley (2003) Can. J. For. Res.

p
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Change in N status & Dynamics

N Limiting

Alder– soil effects

Org. N pool

Source: Van Miegroet et al., 1984 J. Environ. Qual.
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Alder– soil effectsCEC Ca Mg K
mmolc/kg

0 - 7cm DF 164 ± 10 55 ± 24 7.7 ± 2.8 4.9 ± 1.5
RA 191 ± 32 30 ± 16 4.1 ± 2.3 3.9 ± 1.3RA 191 ± 32 30 ± 16 4.1 ± 2.3 3.9 ± 1.3

7-15 cm DF 112 ± 19 24 ± 12 3.4 ± 1.5 3.0 ± o.7
RA 148 ± 20 15 ± 3 1.9 ± 0.6 2.4 ± 0.8

15 - 30 cm DF 93 ± 20 12 ± 6 2.9 ± 0.8 2.1 ± 0.4
RA 113 ± 7 20 ± 7 2 4 ± 1 7 1 5 ± 0 7RA 113 ± 7 20 ± 7 2.4 ± 1.7 1.5 ± 0.7

30 - 45 cm DF 101 ± 16 12 ± 13 1.9 ± 1.8 1.6 ± 0.5
RA 109 ± 10 27 ± 15 3.8 ± 2.6 1.4 ± 0.7

Source: Homann et al., 1992 Biogeochemistry

Red alder effects  – Soil properties

• Soil organic matter increase:g
26-62 Mg ha-1 (~50yrs)

• Increase in CEC
• Decline in soil bulk density
• Decline in soil pH (<1 pH unit)

Source: Bormann et al. (1994) Biology and Management of Alder
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Burn + Ceanothus effects  – Soil effects 

• SOC conc (A hor up); SOC accum. O
• Increase in exchangeable cations

Source: Johnson et al. (2005) For. Ecol. Manage

Little Valley, NV
LossesGains

Increase in exchangeable cations
• Increase in soil pH (burn?)

Burn + Ceanothus effects  – Soil effects 

Source: Johnson et al. (2005) For. Ecol. Manage

Little Valley, NV
LossesGains



15

Alder & the big surprises
Conversion experiment 
@ Thompson Site in WA

Source: Cole et al., 1990  WASP
DF to alder Alder to alder

Change in P biogeochemistry under alder

Sources: Compton et al. , 1997 Can. J. For. Res. & 1998 Forest Ecol. Manage.

There is a redistribution in 
P towards organic forms
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Change in P biogeochemistry under alder
(mg/kg)

The redistribution to organic 
forms decreases 
P availability

Sources: Compton et al. , 1997 Can. J. For. Res. & 1998 Forest Ecol. Manage.

Change in P biogeochemistry under alder

Compton et al (1998) FEM

Synergism?

Compton et al. (1998) FEM

BUT……
The effect of alder on P 
availability differs between pure 
and mixed stands

Zou et al. (1995) Soil Sci. Soc. Am. J.
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In summary
N fixers: friend or foe?

N fi h li ti ff t NN fixers have an ameliorative effect on N 
availability
Important in post-fire C sequestration 
Growth effect on other spp: from facilitation 
to competition 
Other soil properties may also change 

Is there a role for N-fixers in 
forest management? 

YES

But… as with children….

they need to be kept in check and should y p
not run the show unsupervised……
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