
Accepted Manuscript

Title: Leaf stoichiometry of deciduous tree species in different
soils exposed to free-air O3 enrichment over two growing
seasons

Authors: Cong Shi, Toshihiro Watanabe, Takayoshi Koike

PII: S0098-8472(17)30080-1
DOI: http://dx.doi.org/doi:10.1016/j.envexpbot.2017.03.012
Reference: EEB 3208

To appear in: Environmental and Experimental Botany

Received date: 6-1-2017
Revised date: 20-3-2017
Accepted date: 20-3-2017

Please cite this article as: Shi, Cong, Watanabe, Toshihiro, Koike, Takayoshi,
Leaf stoichiometry of deciduous tree species in different soils exposed to free-air
O3 enrichment over two growing seasons.Environmental and Experimental Botany
http://dx.doi.org/10.1016/j.envexpbot.2017.03.012

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.envexpbot.2017.03.012
http://dx.doi.org/10.1016/j.envexpbot.2017.03.012


Leaf stoichiometry of deciduous tree species in different soils exposed to free-air O3 

enrichment over two growing seasons 

Cong Shi, Toshihiro Watanabe and Takayoshi Koike* 

Graduate School of Agriculture, Hokkaido University, Sapporo, 060-8583, Japan 

Corresponding author: Takayoshi Koike (tkoike@for.agr.hokudai.ac.jp) 

Highlights: 

 Birch (Betula platyphylla var. japonica) was observed to have negative correlations 

between foliar N and the metal elements 

 Beech (Fagus crenata) with determinate shoot growth pattern was rather more sensitive 

to O3 stress on foliar contents.  

 Oak (Quercus mongolica var. crispula) was possibly susceptible to O3 on dynamics of 

immobile elements. 

 Soil nutrients have distinct impacts on retranslocation rate of K, Fe, and P 

 Mn and K were indices in assessing the O3 and soil effects in both short and long term 

monitoring of the tree growth  

Abstract: 

The effects of elevated O3 in different soil conditions on foliar elements stoichiometry 

were investigated in 3 native tree species with free-air enrichment systems in northern Japan 

over two growing seasons. Essential elements (Mg, K, Ca, Mn, Fe, Ni, P, N) and two non-

essential elements (Cr, Al) were analyzed in leaf samples obtained from 6 different treatments 

of O3 and soils at 5 collection times from 2014 to 2015. In this study, relationships among the 

foliar elements within each species were investigated and negative correlations between foliar 

N and the metal elements were observed in birch (Betula platyphylla var. japonica). From the 

differences of foliar contents as well as their re-translocation rate, beech (Fagus crenata) with 

determinate shoot growth pattern was rather more sensitive to O3 stress on foliar contents, 

meanwhile oak (Quercus mongolica var. crispula) was possibly susceptible to O3 on 

dynamics of immobile elements. Soil nutrients have distinct impacts on retranslocation rate of 

K, Fe, and P. Principal component analysis revealed that Mn and K can become indices in 

assessing the O3 and soil effects in both short and long term monitoring of the growth of these 

tree species. Our findings are essential in further comprehension to nutrient conservation 

mechanism in the nutrient dynamics of cool-temperate forests.  

Keywords: Stoichiometry; ; ; ; , Foliar nutrients, Free-air ozone, volcanic ash soil, Serpentine 

soil 

1. Introduction 

Tropospheric ozone, namely ground-level ozone (O3) as the characteristic of strongly 

oxidizing, is recognized as one of the important widespread atmospheric pollutants, inducing 
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