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ABSTRACT 
We examined the seasonal acclimation of fine root respiration to temperature associated with the 
morphological traits in Quercus serrata and Ilex pendunculosa trees. The root respiration rates in both 
species increased with increasing temperature and those of the roots < 0.5 mm in diameter were higher and 
more variable than the roots > 0.5 mm. In addition, with increasing temperature, the variation in the 
respiration of the smaller roots widely increased. We conclude that seasonal acclimation of fine root 
respiration to temperature should be considered not only the diameter but also root life span. 
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1. INTRODUCTION 

Root respiration is estimated to account for between about 30-50% of total tree respiration and 
plays a key role in ecosystem level carbon cycling which is a major source of soil CO2 efflux. In 
addition, root respiration is critical for important physiological functions such as maintenance, 
growth, and nutrient uptake. The respiration rates probably change with fluctuations in 
temperature, because respiration has temperature sensitivity of enzymatically catalyzed reactions 
(Lambers et al. 2008). 

Several studies have reported the temperature acclimation of root respiration in the laboratory and 
field (e.g. Burton and Pregitzer 2003). However, less is known about the relationships between 
the temperature acclimation and root morphological traits within 2 mm in root diameter. Recent 
studies have shown that respiration of very fine roots (< 0.5 mm in diameter) has been estimated 
to be higher than that of larger roots (Makita et al. 2009). Therefore, our objective of this study 
was to document the seasonal acclimation to temperature of fine root respiration associated with 
root diameter in mature trees. 

2. METHODS 

This study was carried out at Yamashiro Experimental Forest, Kyoto, in a mountainous region of 
western Japan (34°47 N, 135°50 E). The forest consists of deciduous broad-leaved species 
(mainly Quercus serrata) and evergreen broad-leaved species (mainly Ilex pedunculosa). We 
excavated root segments (< 2 mm in diameter) of Q. serrata and I. pedunculosa every two month 
and measured the respiration rates of small fine root segments with a closed static chamber 
system immediately after sampling a fine root in the field. The relationships in the fine root 
segment were examined between the respiration rates and morphological traits such as mean root 
diameter with WinRHIZO Pro 2007a (Regent Instruments, Quebec, Canada). To evaluate the 
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effects of temperature on root respiration, we used an exponential function and calculated the 
values of Q10, which is an indicator of temperature sensitivity. 

3. RESULTS AND DISCUSSIONS 

Root respiration rates in both species increased with increasing the temperature (Fig. 1). The Q10 
values calculated in each root diameter class (0-0.5, 0.5-1.0, and 1.0-1.5 mm) were 2.4, 3.0, and 
2.7 for Q. serrata and 1.9, 1.9, and 2.1 for I. pedunculosa, respectively. The values in both 
species were within the similar range of about 2.0–3.0 reported in the earlier studies (e.g. Atkin et 
al. 2000). The Q10 values of Q. serrata were higher than those of I. pedunculosa. We found that 
differences in Q10 between these species may explain the root-respiratory acclimation to seasonal 
changes in the growth pattern of above- and belowground. 

The respiration rates of roots < 0.5 mm in diameter were higher and more variable than those of 
roots > 0.5 mm (Fig. 1). In addition, with increasing temperature, the variation in respiration of 
smaller roots widely increased. There is evidence that the respiration differs widely with root life 
span and root age (Bouma et al. 2001). Therefore, the higher variation in the respiration in this 
study may result from the roots with different life span. We conclude that seasonal acclimation of 
the respiration to temperature should be considered not only the root diameter but also root life 
span and root age. 
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Figure1. The relationship between root respiration and the temperature in chamber in the field. 
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