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HasuiMoTo, R. and GyokuseN, K.: Growth pattern of tree organs in relation to
the process of canopy development in a Cryptomeria japonica stand. J. Jpn. For.
Soc. 77: 1563~162, 1995 Changes with tree age in height to crown base above the
ground, crown length, above-ground tree biomass and growth, and litterfall were
investigated in a 22-year-old Cryptomeria japonica D. DoN stand, by introducing knot
analysis. Net production rate on an individual level changes by increases or decreases
of crown foliage mass and transformation of the crown structure; it at first
decreases, next, levels off, and after increases, levels off again. Accordingly develop-
ment of the stand canopy clearly is divided into four different stages on the basis of
the changes in the net production rate. The partitioning ratio of photosynthate for
stem growth (s) is given as a function of the net production rate (E) and the ratio
of current-year foliage growth (R) to the total crown foliage, resulting in larger
values when E becomes larger and/or R becomes smaller. In the first stage of canopy
development s increases due to decrease of R in spite of the decrease of E. After the
first stage, however, s is influenced greatly by E, showing the same time-course as
that of E; levels off in the second stage, then increases in the third, and levels off
again in the fourth. Values of s in the fourth stage, ranging from 0.4 to 0.65, do not
show significant differences among tree height classes, except for extremely suppres-
sed trees.
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General features of the sample plots and structural data for each stand

Stand Plot Exposure Inclination Average Average Average Number of trees
age area dbh height clear length per unit area®
(vears) (ha) " (cm) (m) {m) (no. ha™?)
4 0.06 SE 7 6.2" 4.4 0.4 3300 (3400)
16 0.09 SW 1 10.7 9.2 3.0 2600 (3000)
22 0,14 NE 5 15.2 13.8 7.3 2200 (3000)

* Diameter at ground level. ® Figures in parentheses show initial planting densities.
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Change with tree age in number of living branches in each section of height above the ground, and estimation

of heighs to crown bases

Number of living branches

Section N stand age (year)

(m) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
8.5~9.5 13 5 13 13 13 13 13 12 10 8
8 ~9 11 11 11 11 11 11 10 10 7 5
7.5~8.5 10 4 1 10 1 10 1 9 8 4* 4
7 ~8 9 9 9 9 9 9 9 6 4+ 4* 0o*
6.5~7.5 12 1212 12 11 11 11 11  6* 5% 3*
6 ~7 17 6 17 17 17 17 16 16 15 14  6* 3* 0*
5.5~6.5 16 12 16 16 16 15 14 13 12 8* 3* 1* 0
5 ~6 13 7 13 13 13 13 12 11 10 6* 2* 0* 0* o0*
4.5~5.5 16 2 16 16 16 16 14 13 11 9 4* 3* 0* o0* o0*
4 ~5 14 7 14 14 13 13 9 8 8 3+ 1* 1* 0 0+ o*
3.5~4.5 14 7 14 14 14 13 12 10 g 8 3 I* 0 0* 0 0
3 ~4 16 7 14 16 16 16 16 15 15 12 9 4* 1* 0* 0* 0* 0*
2.5~3.5 14 02 14 4 14 14 14 14 14 12 1 1 0 0* 0 0 0
2 ~3 - 13 8 13 13 13 13 13 _11 11 9 7 2 ©O* ¢ o0* 0* 0~ 0*
1.5~2.5 11 2 1 11 11 21 11 10 7 7 7 5% 1* 0* 0* 0 0* 0* oO*
1 ~2 11 8§ 11 11 11 11 11 10 9 8 7 3 1* 0 0 0 0 0 O
0.5~1.5 16 5 8 16 16 16 16 15 15 14 13 11 9 3 0~ 0 0 0 0 0 O
0 ~1 16 4 11 14 16 16 16 15 14 14 13 10 9 g* 2* 0* 0 0 0 o0* o0* 0

Height to

0 0 0 0
crown base (m) 00

0.07 0.14 0.21 0.29 0.36 043 05 2.0 3.0

45 55 60 75 80 85

N represents numbers of branches for which knot analyses were made. Underlines denote stages of branch deaths. Super-
scripts (*) show that the numbers of living branches are less than 50% of N in the sections.
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Weight () and annual growth (b) of leaves and branches as a
function of D,
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Weights of stem bark and xylem as a function of
xylem volume

Regression equation : Bark, y=26.4x>%%»*=0.991) | Xylem,
¥ =292x"%%(,2=0.996).
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Dy represents stem diameter at height to crown base. Regression equation: Leaf
mass, y=0.07460>12(2=0.972) : Branch mass, y=0.01752**(»*=0.961) ; Leaf
growth, y=0.025107%(»2=0.937) ; Branch growth, y=0.00783z"*(*=0.913).
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Stand age (year) Stand age (year)
X-3. k, #, TEAOERL LUBEERS (a) LEEE(b) oMz L 521
Changes with stand age in tree height and height to crown base (a), and crown length
(b) for upper, middle, and lower story trees

Notes: Mean in each height class is plotted. Vertical bars show standard deviations. UST, MST, and LST
represent upper, middle, and lower story trees, respectively. Two vertical dashed lines show the beginning
and end respectively, of period of closed-canopy formation.
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L,y TEAROE(Y) B L UKE(Ye+ V) OFES & HEM3E « BiE R (Lo+ L) O

Changes with stand age in weights of stems (Ys), foliage and branches (Y;+ Y1), and
total litterfall (Lo+ L:) for upper, middle, and lower story trees

Note: Mean in each height class is plotted.
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B-5. &, t, FEAOH LHERREE (AW/AL) L EOMAEEE(E) O & %1k
Changes with stand age in above-ground annual growth (AW/A¢) and net production
rate of crown foliage (E) for upper, middle, and lower story trees
Note: Mean in each height class is plotted. Letters I to IV show processes of canopy development, Stage
1 to 4, respectively.
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Stand age (year)
§-6. L, o, FEAOBRENDOWEIRLTH () D
FRig I & %2k
Changes with stand age in ratio of partitioning

matter for stem growth (s) for upper, middle, and

lower story trees
Note: Mean in each height class is plotted.
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upper story trees

Note: Mean in each height class is plotted.
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Response surface curve of s in relation to E and 1/R

Notes: Mean of 1/R in the fourth stage of canopy develop-
ment for each sample tree is plotted against that of E.
Isolines of s are drawn according to Eq. (8), where §=0.29
minimized sum of squares of residue of s (differences from
measured values) and the mean residue was 0.011.
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