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Critical limits for nutrient concentrations and ratios for forest trees –
a comment

Walter Flückiger and Sabine Braun

Institute for Applied Plant Biology, 4124 Schönenbuch, Switzerland

Many approaches have been made to get a better understanding of adequate ranges for nutrient
concentrations and ratios of woody plants in respect of growth, cold hardiness and drought re-
sistance as well as susceptibility of plants to parasite attacks. To define critical nutrient limits,
nutrient ratios are more useful than nutrient concentrations. The ratios not only reflect nutrient
balance but are also less affected by growth dilution, concentrations of nonstructural carbohy-
drates and aging processes than nutrient concentrations. They are often derived from adequate
concentration ranges by dividing the lower end of one nutrient by the higher end of the other
nutrient and vice versa. This procedure is, however, unsuitable if the concentration ranges are
already very large as it has been the case in a recent evaluation by ICP Forests (UNECE 2000).
A starting point is certainly the mean of the concentration range, but the ends of the range have
to be adjusted according to physiological criteria. The N/Mg ratio recommended by ICP Forest
e.g. extends to values associated with symptoms of Mg deficiency as shown by Rodenkirchen
(1998).

A large number of references on nutrient concentrations and ratios has been compiled by Van
den Burg (1985) and Van den Burg (1990). A list of publications giving numbers on ratios is
compiled in table 1. Summarising these publications on ratios and deriving ratios from the publi-
cations on concentration ranges, averages for the lower and upper end of normal/adequate ranges
were calculated. They result in the recommended ranges given in table 2 (Altherr & Evers 1974;
Altherr et al. 1974; Blok et al. 1972; Bonneau 1973; Bonneau 1986; Bonneau 1988; CERAFER
1971; Etter 1969; Fiedler & Höhne 1984; Foerst et al. 1987; Gussone 1964; Gussone 1978;
Gussone et al. 1985; Höhne 1978; Hunger & Marschner 1987; Hüttl 1987; Hüttl 1988; Hüttl
1991; Ingestad 1979; Járó 1967; Landmann et al. 1987; Le Tacon & Millier 1970; Le Tacon &
Toutain 1973; Linder 1990; Lyr et al. 1967; Kaupenjohann et al. 1987; Krauss et al. 1986; Ma-
terna 1965; Nihlgård 1986; Ovington 1956; Rehfuess 1983; Rodin & Bazilevich 1967; Silfver-
berg 1980; Silva Ferraz 1985; Stefan 1983; Stefan 1989; Strebel 1959; Strebel 1960; Summerer
1987; Tamm 1953; Van den Burg 1988; van den Driessche 1991; Wehrmann 1963; Weissen et

al. 1988; Wenninger 1986; Wittich 1958; Zech et al. 1983; Zöttl 1964; Zöttl & Hüttl 1985; Zöttl
& Hüttl 1986).

Tab. 1: Compilation of literature data for optimum/adequate nutrient ratios

Reference tree species N/P N/K N/Mg

Binns et al. 1983 broadleaved trees 10-20 2-4

Bonneau 1988 various trees 10-15 <17.5

Strebel 1960 Picea abies (adult stands) 5.6-12.0

Fiedler et al. 1973 8.0-8.3 7.2-8.6

Aldinger 1987 6.2-10

Fiedler & Höhne 1987 7.1-7.7 1.7-1.9

Hüttl 1991 6-12 1-3 8-30

Ingestad 1979 Picea abies (seedlings) 6.25 2 20
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Tab. 2: Recommended adequate/normal nutrient ratios for Norway spruce and beech

Recommended range (median values

from lower and upper end)

Number of publications

Picea abies N/P 7.0-12.0 37

N/K 1.9-3.6 34

N/Mg 10.3-20.0 31

Fagus sylvatica N/P 10.0-17.1 14

N/K 2.1-3.8 14

N/Mg 10.4-21.5 9

Comparing the above recommended adequate nutrient ratios from literature and the nutrient ra-
tios given by Stefan et al. (1997) and ICP Forests (UNECE 2000) as listed in table 3, respec-
tively, there are remarkable differences. Using the first or the latter has severe consequences for
the interpretation of the nutrient status of the European permanent observation plots. The
evaluation on the basis of the nutrient ratios proposed by ICP Forests results in only 13 of 102
European permanent observation plots with nutrient imbalances (de Vries, pers. comm.). With
the use of compiled and recommended literature data, there are 57 plots with nutrient imbalances
(de Vries et al. 2003). It is unlikely that after 40 years of increased N deposition (Goulding &
Blake 1993; Braun et al. 1996) only a few forest sites with nutrient imbalances can be found
even in the highly polluted regions of Central Europe. Nutrient status and ratios changed drasti-
cally in Central Europe during the past decades (table 4).

Tab. 3: Nutrient ratios for Norway spruce and beech after ICP Forests (UNECE 2000)

ICP Forests

Picea abies N/P 6-17

N/K 1.3-4.9

N/Mg 8.0-28.3

Fagus sylvatica N/P 10.6-25

N/K 1.8-5.0

N/Mg 12.0-25.0
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Tab. 4: Comparison of historical with recent nutrient ratios

First evaluation second evaluationSpecies Reference region number

of plots year ratio year ratio

N/P 1969-71 16.2 1996-97 23.5

N/K 1969-71 2.33 1996-97 2.80

Duquesnay et

al. 2000

Northeastern

France

188

N/Mg 1969-71 14.03 1996-97 25.33

N/P 1984/85 18.1 1999 25.4

N/K 1984/85 2.58 1999 3.66

Fagus

sylvatica

Flückiger &

Braun 1998

Switzerland 45

N/Mg 1984 16.3 1999 18.3

N/K 1961 1.2-2.5 1983 2.0-6.8Hüttl 1990 Germany, Black

Forest N/Mg 1975 8-13 1983 9-56

N/P 1984/85 13.5 1999 16.5

N/K 1984/85 3.43 1999 3.71

Picea

abies

Flückiger &

Braun 1998

Switzerland 18

N/Mg 1984/85 17.1 1999 15.5

There is a number of studies showing that woody plants are significantly more susceptible to
parasite attacks when nutrient ratios are not balanced:

Pine (Pinus sylvestris) with N/K ratios >3.5 (ICP Forests adequate ratio for pine 1.2-4.9)
showed distinct increased infestation by the fungal pathogen Lophoder-

mium pinastri (Brüning 1964)
Oak leaves with N/K 3.96 showed increased infestation by 17% with scales (Eule-

canium carni und E. rufulum) compared to leaves with N/K 2.65
(Brüning & Uebel 1968). (ICP Forests adequate ratio for oak 1.5-5.0)

Apple trees with N/K >2.5 showed significantly increased infestation by scarf
(Venturia inaequalis) (Chaboussou 1972)

Beech (adult stands) in permanent observation plots with N/K >3.7 showed
significantly more dead branches caused by the pathogenic fungus Nec-

tria ditissima (Flückiger et al. 1986)
Beech saplings in a N fertilization experiment (pots) with N/P �17 showed significantly

increased infestation by the leaf aphid Phyllaphis fagi (Flückiger &
Braun 1994)

Beech in a N fertilization experiment (afforestation) with N/K �4 showed in-
creased shoot dieback caused by the pathogenic fungus Apiognomonia

errabunda (Flückiger & Braun 1999)
Norway spruce in a N fertilization experiment (afforestation) with N/K �4 showed in-

creased infestation by the pathogenic fungi Botrytis cinerea and Sclero-

phoma pithyophila (Flückiger & Braun 1999).
Beech in a N fertilization afforestation with N/P >15 showed lower concentra-

tions of fungistatic phenolic compounds in leaves such as coumaric acid
and hydroxyacetophenone (Tomova et al. 2002)

Maybe one of the most accurate method to determine nutrient imbalances is the DRIS system
(Diagnosis and Recommendation Integrated System) that includes physiological, soil and envi-
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ronmental parameters (Beaufils 1971; Beaufils 1973; Sumner 1977a; Sumner 1977b; Sumner
1978; Timmer & Armstrong 1988).

In the context of setting empirical critical loads for N on the basis of limits for nutrient concen-
trations and ratios and the observed detrimental effects by parasites on woody plants with wide
N/P, N/K and N/Mg ratios it is recommended to use adequate ranges of nutrient ratios which
minimize secondary risks.
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