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ABSTRACT

To evaluate the role of root respiration (Rr), we measured spatial and temporal variation of Rr. We measured
root biomass, Rr and soil respiration (Rs) in temperature deciduous forest in central Japan. The size
dependence of Rr was shown and Rr in fine root (< 2 mm) accounted more than half of total Rr per unit area.
Moreover, we had measured continuously Rr and Rs using automated system. Rr responded exponentially to
soil temperature. High soil moisture during and just after rainfall caused limiting factor in Rr. And the
contribution of Rr to Rs changed seasonally.

INTRODUCTION

CO, flux from root, considered a part of Rs, plays an important role in the carbon cycle. Hanson et al. [2000]
concluded in their review that the contribution of Rr to Rs might converge at approximately 48.5% in the forest
ecosystem. However, it is difficult to build the technique to separate accurately Rr from Rs. For estimating Rr
in forest, adoption of multiple methods is necessary because each method has much uncertainty. In this study,
to evaluate Rr, we researched spatial Rr calculated on the basis of root biomass distribution and temporal Rr
measured continuously by new system.

SITE DESCRIPTION

Measurements were conducted at Yamashiro Experimental Forest (YEF) in Kyoto, which is a mixed forest of
deciduous and evergreen broad-leaved trees including some conifers. The soil is immature and originated from
granite. DBH (Diameter of breast high) of all trees (DBH > 1.0 cm) were measured in this research site in 1999
[Goto et al., 2003].

METHODS

The relationship between root diameter and Rr

To quantify root biomass in YEF, we dug out 16 root systems and measured root volume and diameter in detail,
and made allometric relationship between DBH and root biomass by several root diameter classes. Using the
data of tree’s DBH in YEF [Goto et al., 2003], we estimated root biomass bigger than 2mm in diameter. About
fine root (< 2 mm), we sampled soil blocks and calculated fine root biomass per unit area. As a result, we
estimated root biomass defining 5 diameter classes; 0-2, 2-5, 5-20, 20-50, 50- (mm). Next, Rr of each diameter
class was measured by sampling methods. Root samples of various diameters were collected from typical
deciduous and evergreen tree species in YEF. We measured CO, flux from root samples of each diameter class
by closed-chamber system using IRGA. We had conducted measurements at Apr.(T: 20.6°C), Jul.(T:
32.4-34.0°C), Sep.(T: 24.6-31.7°C), Nov.(T: 18.9-21.2°C), and Dec.(T: 6.8-7.9°C). By combinin% the data with
root biomass of each size, the diameter distribution of Rr in YEF was estimated. Moreover, on 9" and 11" Sep,
Rs was measured at the same time as Rr measurement in YEF [Tamai et al., 2005].

Temporal measurement of Rr using automatic chamber system
We developed an automatic chamber system for measuring CO, flux from fine root. It consisted of IRGA, a
pump, and 5 chambers that were alternately operated. To measure only Rr, forest soil of A layer including
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RESULT AND DISCUSSION

Estimation of Rr per unit area in YEF

Independently of tree species and tree size, the smaller the diameter of root, the higher Rr per unit weight. Rr
in Fine root (< 2 mm) per unit weight was remarkably higher. And this tendency was remained throughout the
year. Rr per unit area was calculated using CO, flux per unit weight and root biomass of each diameter classes.
As a result, fine root of only about 16% in total root biomass occupied more than the half in the respiration.
The result showed that it is necessary to consider root size, especially fine root in estimating Rr of forest. We
compared estimated Rr to Rs, too. Rs was measured at 256 points on 9" and 11" Sep. (Tamai et al., 2005). So,
the effect of unevenly spatial distribution was removed because of multi point simultaneous measurements.
The mean Rs rate on 9™ and 11" Sep in YEF was 0.91 mgCO,ms™. And the contribution rate of Rr to Rs was
37.2%.

Estimation of contribution of Rr to Rs by temporal measurement

From annual measurement of CO, flux using automatic chamber system, Rr in fine root responded
exponentially to soil temperature. High soil moisture during and just after rainfall caused limiting factor in Rr.
Rs responded exponentially to soil temperature, too. There was positive relationship between soil moisture and
Rs. CO, flux from B layer did not make response to soil temperature and soil moisture. From annual
measurement, relation between Rr and soil temperature did not change seasonally and Rr reached its peak at
summer same as soil temperature. On the other hand, Rs showed clearly hysteresis to soil temperature.
Therefor, yearly peak of Rs reached earlier than that of soil temperature. The ratio of Rr to Rs changed from
about 20% to 70% through a year. The decomposition rate might be accelerated by high temperature in YEF,
so most litter was decomposed by summer. We suspected that the variation of Rr/Rs ratio was caused by
seasonal change of the amount of decomposed litter. These results suggested the importance of analysis of
long-term measurement for discussion about the role of Rr in forest ecosystem.
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