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1960 FEfRIZEE HBIIZ4TH T IBP (International Biological Program: EE4WYIFEEETE) CEon-T—4
MD>5H T, Tadaki et al (1967, 1970) D SEY (Abies veitchii Lindl.) DT —4%£I(Z, #8— R4 FE = (GPP,
Gross Primary Production). fii—XR4 %S (NPP, Net Primary Production) HLUMFIEZE S (R, Respiration
loss) EM N IRTFEE (y, Stand biomass) EDEZREETILIEL . BIERY A4 X (w) SEKRRIEEBERE (g) B LTERK
HRRE () EOMEBFRESSICECHBIZEFZREZRET S LY., ikFFIAZEE (CUE, Carbon Use
Efficiency, Amthor 2000; Cannell and Thornley 2000) M A IREE y EDBEZREEHIIEL . CUE DD FEEIC
FESEEFBHBIIZE =, TDREER, CUE DM FZITHESIERIZIE, e~wekr—wD M EBFZEOMIEHDEIZE-
TRESNBIEND MY, &/ (Chamaecyparis obtusa (Sieb et Zucc.)Endl.) %h#5#k (Yokota and Hagihara
1996) DIERFEETHE FBICKDEVDH A ENHERINT-, T, COBITIZIX, MROEE—TFELIZAN
RESNTLVSAH, Kleiman and Aarssen (2008) D RLNELT=2a—kLARILTHDEEZFE (leaf mass/number) D+
L—FAT7BEZEMNS. BRI EEN —EELLENEEHEINT -, SHIZ, FiESh /T HEBEKED T
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S iEREGE The leaf mass/number trade—off of Kleiman and Aarssen implies constancy of leaf biomass, its density
1 and carbon uptake in forest stands: scaling up from shoot to stand level
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Changes in carbon use efficiency (CUE), which is defined as the ratio of net primary production (NPP) to gross
primary production (GPP), were analyzed for Abies veitchii Lindl. forests with respect to stand development by
developing a simple mathematical model incorporating data on physiological variables and leaf mass ratio. A
decrease in CUE with stand development was successfully expressed as a function of stand biomass (y) based on the
following three assumptions: 1) a power-law relationship between mean respiration and mean individual tree mass,
2) a power functional relationship between mean gross primary production and mean individual tree mass, and 3)
self-thinning relationship between stand biomass and density. Based on this model, a parameter of CUE-y
relationship was defined, and it was clarified that CUE decrease with stand development is caused not by the ratio of
specific respiration rate to specific gross photosynthetic rate, but by leaf mass ratio. Since CUE is high in young
forests, helpful information on selecting woody species when planting seedlings was provided from the viewpoints
of reducing CO, in the atmosphere and global warming. By analytically explaining the mechanism of the leaf
mass/number trade-off at shoot level proposed by Kleiman and Aarssen, it is predicted that leaf biomass and carbon
uptake are constant in fully closed forest stands, by scaling up the constancy of leaf biomass density from shoot to
canopy level. The present analysis provides the theoretical basis for leaf biomass constancy in forest stands.
Moreover, interrelationships between self-thinning, biomass density, and plant form were mathematically modeled in
relation to stand development in which self-thinning is either not occurring or is occurring. The relationship
between biomass density and mean shoot mass is derived as a simple power function at the stage when self-thinning
does not occur. When self-thinning occurs, constant biomass density is attained when the 3/2 power law of
self-thinning applies and the allometric coefficient is assumed to be 1/3 in the allometry between mean plant height
and aboveground mass.




