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Why N ~ P scaling?
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log leaf N = α log leaf P + β

Scaling exponent
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…We now have wide-ranging and convincing evidence that

feasible leaf investment strategies are to a great extent

arrayed along a single spectrum, with the same patterning of

trait correlations seen globally and in species grouped by

growth form, biome or climate…



…Power law exponents derived from log–log scaling relations

were near 2/3 for all observations pooled, for angiosperms

and gymnosperms globally, and for angiosperms grouped by

biomes, major functional groups, orders or families…



Are we focusing too much on the generality

of leaf traits across scales (e.g. N & P

stoichiometry here)?
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Does leaf N vs P scaling constant (invariant)

Reference α Data Resources

Wright et al. 2004 0.66 (~2/3) Pooled data (Glopnet, n = 745)

McGroddy et al. 2004 1.00 Woody plants (data from literatures, n = 55)

Niklas & Cobb 2005 3/4 Eranthis hyemalis (cultivated , n = 17)

Niklas & Cobb 2006 2/3 and 3/4 Woody and herbaceous plants (n = 112, 131)

Niklas 2006 3/4 Pooled data (n = 7,445)

Han et al. 2005 0.65 (~2/3) Pooled data of China (n = 2,094)

Kerkhoff et al. 2006 0.73/0.70/0.79 (~3/4) Pooled data/ woody/ herbaceous plants (Not Given )

Reich et al. 2010 2/3 Pooled data/ angiosperm/ gymnosperm/ trees/ 

shrubs/ forb/ graminoid (n = 9,356)

Zhao et al. 2016 0.78 224 woody species (n = 269)

Table 1. Exponents values reported in references



The scaling exponent at each site should reflect site-

specific N vs. P stoichiometric relationships, because plants

growing at the same site represent the characteristics

shaped by the combination of local climatic conditions,

geological processes, soil nutrient availabilities, and other

environment factors.

Hypotheses: inconstant exponent



Global data set

Dataset information

12,055 records

222 families, 3441species, 486 sites

Leaf N and P concentrations

Data Resources

TRY-data Kattge et al. 2011；
Han et al. 2005; He et al. 2006;

Chen et al. 2011; Tang et al. 2018;

Own field sampling           



Statistic analysis

 Functional groups: herbaceous & woody species (coniferous, 

deciduous broad-leaved and evergreen broad-leaved woody species)

 Latitudinal zones: tropical (0-25°), temperate (25-50°) and boreal 

(>50°) 

 Ecoregions (six continents): North America, Europe, Asia, 

Oceania, Africa and South America.

 Individual sites: n≥10 and n≥20 records

Reduced Major Axis regression (RMA):



Results

 Exponents differ with plant functional groups

Table 2. Statistic results of RMA



Results

 Exponents showed significant 

latitudinal differences

Increase from boreal to tropical zones



北美、欧洲、亚洲、大洋洲、非洲、南美洲N∝P 

scaling指数差异显著（0.60-1.07）。
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Results

 Significant differences across continents: 

North America < Europe < Asia < Oceania < Africa < South America          



Results

 Significant differences across continents:     
Sample size >10, α ranges from 0.37 to 1.93



Possible mechanisms

 Composition of plant life forms (the relative growth 

rate hypothesis) (Sterner & Elser, 2002)



 P-related growth rate and N ~ P stoichiometry.

Possible mechanisms



Conclusions

 There is no canonical numerical value for the N~P scaling 

exponent.

 The analysis of pooled data for the N~P scaling relationship 

may hide biologically and ecologically significant variation.



Future research

 Nutrient stoichiometry, plant traits and functioning. 

 Biogeochemical cycles of elements and ecosystem functions.

 Global changes and their effects on ecosystems…
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Thank you for your attention!

Danke schön !


