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Abstract

Primary production relations of plantations of Norway spruce, Picea abies, in the
Tokyo University Forests in Hokkaido and in Titibu were studied and compared with
the reports from Europe, its natural habitat. The relationship between height and age of
many plantations of this species in Japan was summarized from literature and graphically
presented. Height growth of this species in Japan was not different from the height in
ScHWAPPACH’s yield table. Four stands of different site quality in Hokkaido were com-
pared. Mass of stem and branch, and total aboveground biomass of spruce per unit area
were linearly proportional to site index expressed as the height at 45th year, but it was
not for leaf mass. Most part of aboveground biomass of these stands was of spruce and
undergrowth was minimum, though percentage of undergrowth biomass was higher on
the poorest site. Production of stem per unit ground area was linearly proportional to
site index, but production of branch and leaf was not. Thus aboveground net production
per unit ground area was larger on better sites but not linearly proportional to the site
index. Except for the poorest site, about nine tenth of aboveground net production
was by spruce and the rest was by the undergrowth. Percentage of production by
undergrowth in the poorest stand was larger. About one tenth of the aboveground net
production by spruce was branch for all stands studied, but the percentages of stem and
leaf were variable by stand. On the medium sites, the percentage of produced matter
used for reproduction of leaf mass was largest. Net assimilation rate was largest on
the medium sites and smallest on the poorest site, while efficiency of leaf to produce
stem wood was highest on the best site. Discussions were given on this respect. In-
fluence of dominance of trees within a stand on production relations was studied in a

* Contributions from JIBP-PT No. 108.
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plantation in Hokkaido. Net production was largest in dominant trees, but there were
not much differences in net assimilation rate and the efficiency of leaf to produce stem
wood among tree classes. In the plantation in Titibu which is located on a remote site
and not thinned for a long years, compared with the plantations in Hokkaido, leaf mass
per unit ground area was larger and branch mass was smaller. Aboveground net pro-
duction per unit area was somewhat larger while net assimilation rate and efficiency of
leaf to produce stem wood was fairly lower, presumably because of larger leaf mass.
Distribution of produced matter into branch was far smaller, reflecting severe competition
in this stand. Leaf mass of these stands was compared with 34 stands in Europe. Leaf
mass of 6 plantations of this species in Japan was larger than the mean of European
plantations. Leaf mass of these plantation was also larger than forests of black spruce
in Canada and Picea glehnii in Hokkaido.

I. Introduction

Primary production relations in plantations of Norway spruce, Picea abies, were studied
in Tokyo University Forests in Hokkaido and in Titibu. Of the plantations in Hokkaido,
the influences of site quality and dominance of trees within a stand on primary produc-
tion relations were mainly investigated, while, on the plantation in Titibu, only some
aspects of primary production relations were studied for the comparison with those in
Hokkaido. . :

Norway spruce is the most important species in European forestry, and production
relations of the forests of this species were already studied by BURGER (1939a, b, 1941,
1962, 1963), MOLLER (1945), VANSELOW (1951), TamMM and CARBONIER (1961), MARCHENKO and
KARLOV (1962) SMIrRNOV and ALEKSERV (1967), DIETRICH (1968), DrROST zU HULSHOFF (1969,
1970) and TamMm (1969). There are some plantations of this species in North America,
but studies of their production relations are not yet available. Comparison of primary
production relation of forests of the same species planted in a country far away from
its origin with those in its natural habitats may be of use for the understanding of its
silvical and ecological natures, and it may also be of interest from the viewpoint of
International Biological Programme.

A part of this study was already included in the author’s synthesis (SAToo 1966, 1969).
Field works of this study were made in 1957 by Mr. Y. Mori, Mr. Y. Konist and
Mr. A. OocAWARA with cooperation of staff of the University Forests. The author wishes
to express his sincere gratitudes to them.

II. Planting of Norway spruce in Japan

History of planting of this species, which is an exotic species to Japan, is rather
old. According to MaTur (1965), in Hokkaido, it is said that seeds of this species were
sawn in a nursery in Hokkaido as early as 1878, but there is no evidence about it.
However, 55.5 hectares of plantations of this species, which were planted between 1907
and 1916, still exist. Summing up the figures in a table by MATUI (1965), total area
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of plantations of this species in Hokkaido is about 2,000 hectares, but according to
KawacucHr (1953) there are 5,431 hectares of plantations of this species in Hokkaido.
Beside Hokkaido, there are 195 hectares of plantatious in other islands than Hokkaido
of Japan, according to the census made by the Forestry Agency of Japanese Government
(1956). This species has the largest area of plantations among the exotic species planted
in Japan. It is planted mostly in Hokkaido and northern half of Honsyu (Hondo, the main
island), but it is planted also in the island of Shikoku, southwestern Japan (SmimMopa and
OcHr 1959). There are many reports and papers on the growth of this species in Japan.
The relation between age and mean height of the plantations in Japan was summarized
from these reports as well as censuses and graphically presented (Satoo 1958). This
graph was revised by adding new data and shown as Fig. 1. As stand density was

Height (m)

Age (vear)
Fig. 1. Height growth of plantations of Norway spruce in Japan. Lines I, II, etc. are

height on site class I, Il., etc. of SCHWAPPACH's yield table.

Sources: ANDO et al. 1963, ASAHI 1951 a & b, Asava 1953, KAMATA 1949, KAwADA
& YaMAJI 1949, KAwWAGUCHI 1953, KAWAGUCHI & YOKOYAMA 1962, MAEDA
1949, MaTul 1966, 1967, MATUI & YokovaMa 1950, MATUI et al. 1967,
SAITO et at. 1962, SATO 1964, SATO & SAWAFUJI 1953, SHIMODA & OCHI
1959, SUGANO et al. 1967, SumiTA 1943, TADA 1956, TAKAHASHI 1954,
YOSHIMURA 1967, YuasA 1950, Anonym. 1953, Anonym. 1956.

very variable among individual stands, only height was shown. To compare with the
growth in its natural habitats, heights in the yield table by SCHWAPPACH (1929) are also

shown. Height growth of this species in Japan is not different from the one in its
natural habitats.

III. Influence of site quality on production relations

1. Plantations studied : _
The plantations studied belong to the compartment 76 of the University Forest which
is situated at almost the center of Hokkaido. Longitude and Latitude of Nisitappu Forest
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Office, about 2.5km east of the plantations, is 142°26/40” E and 43°12’50” N, respectively.
Mean of the recent 10 years at Nisitappu Forest Office (altitude 260 m) of annual mean
temperature was 6.7C, and the maximum and minimum monthly mean temperatures
were 20.8°C in August and —8.9°C in January, respectively. Mean annual precipitation
was 1200mm. Frost-free season was between May and September, but annual fluctuation
was rather large. The plantations studied were located about 100-150 m higher than the
observatory. From Asamr's (1951) 6 plots for soil survey in the plantations, stands
equivalent to site class 3, 4, and 5 were used here and named stands A, B, and C, re-
spectively. The soil of these stands was described in details in AsAnr's paper (1951).

Table 1. General description of the stands studied

Locality Hokkaido
Titibu

Stand A B B/ C
Slope ca 20° ca 25° ca 28° ca 25° ca 30°
Aspect E SE SE S SE
Age 47 46 46 45 39
Number of trees /ha 488 756 756 914 2240%
Height m 23.5 18.3 18.3 15.6 16.5
Height at 45th year 23.2 17.9 i 18.0 15.6 —
DBH cm 29.1 20.0 20.5 17.3 17.2
Basal area sq. m/ha 33.78 24.90 26.13 21.42 52.56

* Plus 570 dead trees

In addition to these stands, a stand showing growth very close to the stand B was used
as stand B’. Base rock is sand stone of tertiary but is covered by a layer of volcanic
ash about 12cm deep. According to Asamr's (1963) classification, the soil belongs to
brown forest soil. These stands were planted in 1911, 1912, 1913, and 1912, respectively,
after a forest fire. Provenance of the seeds is not known. Thinning was made in 1920
and 1942. General description of the plots are given in Table 1.

2. Methods

- Sample plots, each 40x40m, were selected from the stands A, B, B’, and C so
that they represent each stand and that there are no openings of the canopy. After
measuring diameter breast high of all trees in the plots, 5 sample trees were cut from
each plot. After measuring height and clear length, discs were collected from the stems
of sample trees at heights of 0.0, 0.3, 1.3m and then at every 2m, for annual ring
analysis. From the lowest living branch upwards, samples of branches were taken from
every 5th branches. After recording the height of the base and the length, leaves were
stripped off from the branches, separated into leaves of the current year (new leaves) and
old leaves, and weighed. Leaves of each group were mixed thoroughly and samples for
dry weight were taken. After weighing separately new shoots and old branches, discs
were taken from the samples of branches at their base, 0.1m from the base, and then
at every 0.5m, and annual ring analysis was made. Samples for dry weight determina-
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tion were also taken. Other branches were separated into leaves and branches, and
weighed. The weights of parts newly formed and older ones were estimated from the
ratio given by the samples. In each sample plot, 5 subplots, each 1x1m, were clipped
clearly and dry weights of annual and perennial ground vegetation were separately
determined. In the plot C, as there were some broad leaved trees beneath the canopy
of spruce, they were sampled and dry weight was determined separately for leaves,
branches and stems, and discs were taken from stems and branches to determine the
growth rate in cross sectional area which was used for the estimation of wood produc-
tion. Underground parts were not sampled.

3. Biomass aboveground

A. Tree layer of spruce.

The value per hectare was estimated by multiplying the sum of value of the sample
trees with the ratio of basal area to the sum of cross-sectional area of sample trees.
This method is simplest and the error of estimates is not larger than other methods
(SATOO 1968).

A-1. Stem and branch

Volumes of stem and branch are
shown in Fig. 2. The volume of stem
was less in the inferior sites, despite the
larger number of trees per unit area in
them. If the volume of trees already
harvested by thinnings is added, the dif-

ferences must be larger, but the volume 2001

Volume (cu. rh/ha)

of timber harvested by thinnings is not
known. Amount of branch was also
smaller on the inferior sites. It is known

A A 7=
[ . 1
15 20 25

Height at 45th year (m)

Fig. 2. Volume of stems and branches of
age because of severe competition and stands in relation to site quality expressed
as the height at 45th year.
circles: stems, triangles: branches

that amount of branch is smaller in stands (0

with larger number of trees per unit area
of ground among the stands of the same

subsequent self pruning (SAToO et al 1955).
However, in this case, the smaller
amount of branch on the inferior sites,
which have larger number of trees per

Table 2. Crown

it ground area, is not caused b re i Live
unit ground area, 1s not caused by seve Plot 45k yeur| Height GeSi0] crown
self pruning due to competition: there ratio
.« . . . m m m %
were minimum differences in the average
live crown length among the plots and A 23.2 23.5 11.0 47
live crown ratio was higher on the in B 17.9 18.3 11.2 61
> Croy & A B/ | 18.0 18.3 11.2 61
ferior sites (Table 2). Live crown ratio c 15.6 15.6 10.8 69

indicates that competition was less on
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the inferior sites. To show the relations quatitatively, site index was expressed as the
height at 45th year. As shown by Fig. 2, volume per hectare of stem (Vs cu.m) and
branch (Vb cu.m) was linearly proportional to the site index expressed by the height at
45th year (H* m), and described as '

Vs=31.7TH*—-312.92 and"
Vb=2.59 H*—16.85.
With increase of 1 meter of height at 45th year, stem volume increased by 31.7 cubic
meters and branch volume increased by 2.6 cubic meters.
A-2. Leaf
Amount of leaf per hectare is shown in Table 3. The plots B and B/, which are

Table 3. Leaf biomass (t/ha) almost equal in site index, showed

_ similar values, but there was no clear

Plot A B B/ € relationship with the site quality:

New leaves 3.37| 4.54| 4.69 2.19 plot A which is on the best site had
21‘1 lleaves i:g 12‘2:; 12'23 i;;f largest amount of leaf but the plot
P:r:entage of new leaves 18:1 31:6 32:0 12:9 C which is on the poorest site had
larger amount of leaf than tha plots

B and B’. Amount and percentage of current year leaf were largest in the plots B and
B’, and least in the plot C which is on the poorest site. The difference in the amount
of leaf by plot was larger when old and new leaf were compared separately than when
total leaf was compared. In the total leaf, minumum value was 77% of the maximum,
while it was 47% in new leaf and 649 in old leaf of the maximum. The plots having
more new leaf had less old leaf. This trend was found among stands of Pinus densiflora
of similar age having similar total amount of leaf, and it was presumed that if larger
amount of leaf is produced newly larger part of older leaf dies because of deficient light
(SaToo 1966). MOLLER reported that the influence of site quality on the amount of leaf
per unit area of forest was not found on forests of European beech and Norway spruce,
but KITTREDGE (1944) suggested that there are more leaves on better site. The author
(1967 and 1969) reported that amount of leaf on a unit ground area of plantations of Cry-
ptomeria japonica was larger on better sites. HATIYA et al (1966) also reported that amount
of leaf per unit ground area was larger on better sites of Pinus densiffora. In these
spruce stands, no relationship was recognized between site quality and amount of leaf

Table 4. Biomass of the tree layer (t/ha) per unit ground area, though size

of the samples was not large

Plot A B B’ C enough.
Height at 45th year | 23.2 | 17.9 | 18.0 | 15.6 A-3. Biomass
Stem 208.56 | 119.26 | 123.20 | 94.05 The volumes of stem and
Branch 16.73 | 14.11 | 18.47 | 12.19

branch were converted into dry

Stem-+branch 225.29 | 133.37 | 141.67 | 106.24 hts using TRENDELENEURG'S
Leaf 18.64 | 14.37 | 14.67 | 16,91 ~ oents USING IRENDELENBUR
Total v 243.93 | 147.74 | 156.34 | 123.15  (1939) mean bulk density of wood

of Norway spruce, 0.488, and,
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together with dry weight of leaf, biomass per hectare is shown in Table 4. Biomass
per hectare (W t) was linearly proportional to the height at 45th year (H* m) as

W,=16.3 H*—137.0
With increase of 1 meter of height at
45th year, aboveground biomass of the
tree layer increased by about 16 tons
(Fig. 3). As seen from Table 4, the dif-
ference in biomass is mainly due to the

differences in the amount of stem. If _

the difference in bulk density of wood
by site quality was taken into account,
the difference must be still larger. Ac-
cording to ScHMIDT (1953), bulk density
of wood of Norway spruce is lower on
poorer sites.

B. Undergrowth

B-1. A layer of broadleaved trees
beneath the canopy.

In the plots A, B, and B/, this layer
was negligible, but in the plot C there
were many trees belonging to this layer;
125 trees of diameter breast high between
2 and 3.5cm and 62 trees of be-

Biomass of tree layer (t/ha)

300~
200
[¢)
100~
ol 1 —
15 ‘ 20 25

Height at 45th year (m)

Fig. 3. Biomass of tree layer (aboveground
only) of stands in relation to site quality.

Table 5. Biomass of undergrowth (t/ha)

tween 3.5 and 5cm, per hectare.
Important species were Magnolia
obovata, Acer mono, Kalpanox
pictus and Styrax abassia. Above-
ground biomass of this layer is
shown in Table 5.

B-2. Ground vegetation

Ground vegetation consisted
of many species of annual as well
as perennial herbs, vines and
saplings of trees. As shown in
Table 5, the amount of ground
vegetation did not differ too much
among the plots.

C. Biomass aboveground

Biomass aboveground of these
stands
Biomass was larger in better sites

is shown in Table 6.

Plot A B B’ C
Shrub layer
Leaf 0 + + 0.03
Branch 0 + + 0.10
Stem 0 + + 0.24
Total 0 + + 0.37
Ground vegetation
Annual 0.22 0.04 0.04 0.02
Perennial 1.40 1.32 1.32 1.20
Total 1.62 1.36 1.36 1.22
Table 6. Biomass aboveground (t/ha)
Plot A B B, | ¢
Tree layer 243.93 | 147.74 | 156.34 | 123.15
Shrub layer 0 0 0 0.37
Ground vegetation 1.62 1.36 1.36 1.22
Total 245.55 | 149.10 | 157.70 | 124.74
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Table 7. Distribution of biomass (%) ' mainly due to larger mass of stem
: and branch of spruce.
Plot ‘ A ‘ B B’ c O Ssp
; D. Distribution
Height at 45th year 23.2 17.9 18.0 15.6 As seen from Table 6, most
Tree layer 99.3 99.1 99.1 98.8 t of bi b nd of
Undergrowth 07 | 09 | 09 | 1.2 part of biomass aboveground o
Within tree layer these stands was of spruce,
Stem 85 80 79 76 and ground vegetation was
Branch 7 10 12 10 rather negligible. Distribution of
Leaf | 8 10 19 14 biomass among aerial parts of
spruce is shown by Table 7.
Table 8. Net production Distribution to the stem was
higher on the better sites.
Plot A B | B | C gher on sites
i 4. Aboveground net produc-
Spruce .
Volume (cu. m/ha) tion
Branch 2.00| 2.40| 2.68| 1.72 A. Tree layer of spruce
Stem 16.48 | 11.70 | 11.69 8.83 Volume increment in stem
Total 18.48 | 14.09 | 14.37 | 10.55 and branch was shown in Table 8.
Dry matter (t/ha) Increment in stem was larger in
Branch 0.98 1.17 1.29 0.84 he b A hile i ¢
Stem 8.04 5.70 5.67 4.31 the better s.ltes while 1t was no
Branch+stem 9.02| 6.87| 6.96| 5.15 always so in branch. As seen
Leaf 3.37| 4.54| 4.69| 2.19 from Fig. 4, increment in stem
Total 12.39 11.41 11.65 7.34 (4V's cu. m) was linearly propor-
Undergrowth (t/ha) tional to the height at 45th year
Annual 0.22| 0.04, 0.04 0.02 (H* m), as
Perennial 1.40 1.32 1.32 1.20 AVs=0.996 H*—6.425,
Shrub With increase of 1 meter of height
Leaf 0 + + 0.03 t 45th . ¢ ¢
Branch 0 + + 0.01 a yfear increment in s el‘n
Stem 0 + + 0.13 volume increased by 1 cubic
Total 1.62 1.36 1.36 1.39 meter. It was reported that in-
Grand total ot 12.77| 13.01 8.73 crement in stem volume of planta-

tions of Cryptomeria japonica
increased with site index which was expressed as the ratio of actual height to the height
in corresponding regional yield tables (Satoo 1967). However, this trend was not found
for the increment in branch and leaf. By converting the volume increment of stem and
branch into dry weight with bulk density, 0.488, and adding the dry weight of current
year leaf to them, annual dry matter production (aboveground) per hectare in Table 8 is
given. Dry matter production was larger on better sites but it was not linearly propor-
tional to the site index. Production of branch and leaf was largest in the medium sites.

B. Undergrowth
Ground vegetation consisted of many species. As aerial parts of perennial herbs
found there also die every year, biomass of them was regarded as the products of the



133

year and added to annual herbs. Small 20
broadleaved trees were not found at all
in the plot A and in the plots B and
B’ to be of any importance, but in the
plot C there were small broadleaved
trees as many as 187 trees per hectare 0k
underneath the canopy. As they were
all deciduous, leaf biomass was consi-
dered as the product of the year. Pro-

Increment of stem (cu. m/ha)

duction of branch and stem was

estimated by multiplying the biomass . A .
with the relative rate of growth in ™55 20 25
cross-sectional area of the samples, Height at 45th year (m)

separately for trees above and below Fig. 4. Increment of stem of stands in relation
to site quality.

3.5cm in diameter breast high. Dry

matter production by the undergrowth Table 9. Distribution of produced matter (%)

is also shown in Table 8.

.. . B ’
C. Distribution of  produced Plot A B c
matter. Within spruce tree layer
Table 9 shows the ratio of distri- Ztem . 62 ig ‘1“1’ i’fl’
. ranc.
bution of dry matter produced by these Leaf o7 | 40 | 40 | 30
spruce stands. Except for the plot C,
. . . Aboveground
hich is on the poorest site, about
W, Pt ) ano Spruce 88 | 90 | 90 | 84
nine tenth of dry matter was produced Undergrowth 21 10| 10 16

by the spruce tree layer, and about
one tenth by undergrowth. In the plot C, where there were some small broadleaved
trees underneath the canopy, percentage of production by the undergrowth was greater
than the other plots. About one tenth of dry matter produced by the tree layer of
spruce was distributed into branch production in all four plots, but the distribution ratios
into stem and leaf were variable with plots: distribution into stem wood production was
smallest and distribution into reproduction of leaf was largest in the plots B and B’
which are medium in site quality.

5. Efficiency of leaf

Production efficiency of leaf, or net assimilation rate, is shown in Table 10. Produc-
tion efficiency of leaf was rather higher in the plots B and B’ which are medium in site
quality than in the plot A which is on the richest site among the plots. This indicates
that the highest rate of net production in the plot A was caused by the larger amount
of leaf rather than the efficiency of leaf. In the plot C which is on the poorest site,
net assimilation rate was lowest; the lower rate of net production by the plot C is due
to lower efficiency of leaf though it had larger amount of leaf than the plots B and B’.
It is supposed that the higher net assimilation rate of the plots B and B’ is due to higher
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Table 10. The efficiency of leaf

Plot A B B/ C
Height at 45th year  m 23.2 17.9 18.0 15.6
Leaf mass . t/ha 18.64 14.37 14.67 16.91
Dry matter production t/ha 12.39 11.41 11.65 7.34
Stem wood production cu. m/ha 16.48 11.70 11.69 8.83
Net assimilation rate g/kg/yr 665 794 794 434
Efficiency of leaf to produce stem
wood ml/kg/yr 884 814 797 522
Net assimilation rate g/kg/day 1.8 2.2 2.2 1.2
Net assimilation rate May~Sept. g/kg/day 4.3 5.3 5.2 2.9

percentages of new -leaf in their foliage. It was reported that photosynthetic rate of
new leaf of white spruce was higher than older one (CLark 1961). Net assimilation rate
per day was 1.2-2.2g/kg as a mean throughout the year and 2.9-5.2g/kg if photo-
synthesis is active only in the frost-free season from May to September. Those values
are far lower than other plants. Net assimilation rates of conifer forests are tablulated
in the author’s recent synthesis (Satoo 1969). Net assimilation rate of Norway spruce is
rather lower even among forests of coniferous species.

In forestry, it is rather more general to give the efficiency of leaf to produce stem
wood expressed as stem wood production per unit amount of leaf. This efficiency, as
seen from Table 10, decreased with decreasing site index. This trend is different from
the trend in net assimilation rate: net assimilation rate was higher in the plots B and
B’ than the plot A whereas leaf efficiency for stem wood production was higher in the
plot A than in the plots B and B’. The efficiency of leaf to produce stem wood is the
product of net assimilation rate times distribution ratio to the stem. This difference in
the trends between net assimilation rate and leaf efficiency in stem wood production
was caused by higher distribution ratio to stem wood production in the plot A than the
plots B and B’; in the plots B and B’, produced matter was allotted in higher percent-
ages to the reconstruction of the crown. In the plot C, distribution ratio to stem wood
production was higher than in the plots B and B/, but very low net assimilation rate
in this plot resulted lower efficiency of leaf to produce stem wood. For the plantations
of Cryptomeria japonica it was found that leaf efficiency in stem wood production in-
creased with increasing site index (SaToo 1967). '

IV. The influence of dominance of tree within a stand on the efficiency of leaf

From the plot B’, each 5 sample trees from dominant, average, and suppressed trees
were selected and the efficiency of leaf was compared. Mean values of dimensions of
each tree classes are given in Table 11. Dry matter production per tree is shown in
Table 12. Dry matter production was largest in dominant and smallest in suppressed
trees, as expected, but net assimilation rate and the efficiency of leaf to produce stem
wood were not much different among tree classes: average trees had slightly higher



135

efficiency of leaf. Thus, the difference in net production by tree class was mostly due
to the difference in their leaf mass.

Table 11. Mean values for sample trees of each tree class

Dominant Codominant | Suppressed
Height m 19.9 18.3 16.7
DBH cm 25.2 20.5 15.5
Stem dry weight kg 245.8 162.9 80.8
Branch dry weight kg 57.4 30.3 16.1

Leaf dry weight kg 36.0 19.4 10.3
New leaf kg 8.1 6.2 2.6
Old leaf kg 27.9 13.2 7.7
Dry weight of top kg 339.2 212.6 107.5

Table 12. Dry matter production and efficiency of leaf of trees of
different dominance in a stand

Dominant Codominant | Suppressed

Dry matter production

Stem kg/tree 12.9 7.5 3.7
(%) (52.6) (48.7) (50.7)
Branch kg/tree 3.5 1.7 1.0
(%) (14.3) (11.0) (13.7)
Leaf kg/tree 8.1 , 6.2 2.6
(%) (33.1) (40.3) (35.6)
Aboveground kg/tree 24.5 15.5 7.2
Net assimilation rate g/kg/yr 681 813 706

Efficiency of leaf to produce N )
stem wood ml/kg/yr 734 828 738

V. A plantation in Titibu

1. The plantation ‘

The plantation studied belongs to the compartment 3-A-12 of Tokyo University
Forest in Titibu and was situated upstream of Ootigawa which is a branch of Arakawa.
Altitude is 1,030m. Longitude and latitude of Totimoto Forest Office, about 11km west
of the plantation, are 138°51’ E and 35°56’ N, respectively. According to the data from
Mitumine Forest Meteorological Observatory (cited by SuMIiTA (1943), now not existing) which
was the nearest observatory situated about 7km northwest of the plantation and at
similar elevation, annual mean temperature was 8.4°C, monthly mean temperature was
highest in August (23.3°C) and lowest in January (—6.7°C), and annual precipitation was
about 1900mm. The temperature is similar to the plantations in Hokkaido but rainfall
is more abundant. The soil is clay-loam belonging to brown forest soil. This plantation
was planted in 1919 and weed trees were cleared in 1933, but no tending was made after
then because of its remoteness. There were many trees dead, still standing and fallen,
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presumably because of competition, as shown by Table 1. General description of this
stand is given in Table 1. Sumita (1943) reported about growth of this plantation
together with other plantations of this species in this University Forest.

2. Method ,

Six sample trees were cut from a sample plot, 25mx40m, and measured with the
same method as the plots in Hokkaido. Undergrowth was so few that they were not
measured. Underground parts were not studied.

3. Biomass aboveground

Biomass of the tree layer of this stand is shown in Table 13. Compared with the
plantations in Hokkaido (Table 4), leaf biomass of this stand was lérger and stem and

branch biomass was smaller. Per-
Table 13. Biomass and production of the tree

layer of a Norway spruce plantation in Titibu centage of branch biomass in total

aboveground biomass of the tree

Biomass Production layer was only 4% while it was

t/ha % t/ha % 7~14% in the stands of Hokkaido.

Stem 188.54 60 8 51 85 As thinning had not been made for
Branch 8.57 6 0.90 4 long years and there were many
Leaf 23.93 34 4.51 11 dead trees, it is probable that this
Total 221.04 14.23 stand had already attained its full

density, and, as a result of severe

competition among trees, self pruning is made to such an extent that branch biomass
is so small. It is reported that in a spacing experiment of Pinus densiflora, provided
that other conditions were similar, percentage of branch biomass in total biomass was
smaller in denser stand (SAToo et al 1955).

4. Aboveground net prdduction

Net production and distribution of produced matter into parts of tree are given in
Table 13. Aboveground net production was a little larger than the plot A of Hokkaido
which is on the best site and had largest production. Compared with the plot A of
Hokkaido, production of stem and leaf was larger and branch production was smaller in
this stand. Distribution ratios were similar to those of the plot A of Hokkaido, though
distribution into leaf was larger and into branch was smaller.

5. Efficiency of leaf «

Net assimilation rate of this stand was 594 g/kg/year. Compared with the stands in
Hokkaido, this value was smaller than the plots A, B, and B/, and larger than the plot
C. The high rate of net production by this stand is due to large amount of leaf but
not to efficiency of leaf. The efficiency of leaf to produce stem wood of this stand was
733 mi/kg/year. This value was also smaller than the plots A, B, and B’ and larger
than the plot C of Hokkaido.

VI. Comparison with other forests of Norway spruce

As seen from Fig. 1, Norway spruce planted in Japan has height growth comparable
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to the one in a German yield table. Primary production relations of the forests of this
species in Europe were reported by many authors (BURGER 1939 a, b, 1941, 1952, 1953;
MOLLER 1945; VansgLow 1959; Tamm and CARBONIER 1961; MARCHENKO and KARLOV 1962;
SMIRNOV and ALEKSEEV 1967; DIETRICH 1968; DROSTE zu HuvsHOFF 1969, 1970 and TAMM (1969).
YOSHIMURA (1967) reported primary production relations of this species planted in Kyoto,
Japan. However, except YOSHIMURA (1967) and DrosTE zu HULSHOFF (1969, 1970),
these papers dealt only with biomass or biomass and stem growth, but not net produc-
tion. Net aboveground production by a plantation of this species in Kyoto was 14.73
t/ha/year. This value is larger than those reported here, but as YOSHIMURA himself
wrote, his sample trees included trees in the border of forest and there is a possibility
of overestimation. Recently DrosT zu HULSHOFF (1969, 1970) reported net aboveground
production of a 76-year-old forest of this species

in Germany as 15.51t/year. There are data D P ]
for biomass of 34 stands in Europe and 6
stands in Japan, including 5 stands in this
paper, of this species. However, biomass of
stem is rather a function of age of stands,
and branch biomass is affected by age and
density of stands, only leaf biomass is com-
pared here. In Fig. 5is shown the frequency
distribution of leaf biomass of 42 stands of

spruces, including 40 Norway spruce stands

%
I YT T Y T T A T I W T W

and 2 stands of other sprudes. Leaf biomass 10 20
Leaf mass (t/ha)

Fig. 5. Leaf biomass of forests of
spruces.

of the plantations studied here was larger
than those reported from Europe. Mean of

leaf mass of 34 stands in Europe was 13.5t/ha.
Dotted squares are plantations in

Stem wood production per unit weight of leaf,
or efficiency of leaf to produce stem wood,
of the plantations studied here was smaller
than those reported from Europe, presumably
because of larger leaf mass.

RobiIN and Bazievicn (1965) collected
Russian data of biomass and production of this
species from mostly published sources and
summarized in a table, but in these data
production and biomass of spruce and other

Japan.

Sources: P. abies (P.a.): BURGER 1939
a & b, 1941, 1952, 1953.

DROSTE zu HULSHOFF 1969, DIETRICH

1968, MARCHENKO & KaRLOV 1962,

MOLLER 1945, SMIRNOV & ALEKSEEV

1967, TaMM 1969, TAMM & CARBONIER

1961, YOSHIMURA 1967, and this study.

P. mariana (P.m.): WEETMAN &

HARLAND 1964.

P. glehnin (P.g.): Joint Studies of

Universities.

trees and shrubs in the stands were not separately shown and could not be used here.

VII. Comparison with forests of other spruces

As for the production relations of spruce other than this species, there is a study

by WEeETMAN and HARLAND (1964) on a black spruce forest. Data were collected on a
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forest of Picea glehnii by the Joint Studies of Four Universities in which the present
author took part. Leaf biomass of the black spruce forest (WEETMAN and HARLAND 1964)
was 8.6 t/ha which is smaller than the value of most of Norway spruce stands reported,
as seen from Fig. 5. Leaf biomass of a young natural regeneration of Picea glehnii,
mixed with some Abies sachalinensis trees, was 12.32t/ha which is similar to those of
Norway spruce. Net aboveground production by this Picea glehnii stand was; stem:
4.61t/ha, branch: 0.54t/ha, and leaf: 2.28 t/ha, thus, aboveground: 7.44t/ha. This value
is similar to the plot C of the Norway spruce plantations in Hokkaido.
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HARICHEZ SNfcd —w v o% by e KDY A
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R RFREAIE  JEE X0 BR EBc BhShik, =-r,Stveo
Wieowe, WEEEC BfRd2 =2t55% Lo, thi, FEHBo =2—w, 0%
DE BN, BRI #EMIhi 2—-w,3tven e FHlEo BERz, -
BELO BRPL DEHT, 020 Rz (29, F1vo NHEED #BEE <bHX
2o BAI EREh ZofEo BiEEEER, FMvRBIsh0s ZEALAVES
7o dLHHED, WALOBLAS AMSE < 5XRBE, BNEESLIO, tveo, B
O &, WEREERD HWER, BFEE0OLE0 BET HSbL7i, AR HAIL
T BEPokd, EORIZ »ELFLL TH5TREr -k, Thbo Hieds HEHR
HEEO KE5IE boeT, FEXO bhEWIE bTrrol, BUEES-DO %o
AREE AN HAILT BEroins, HE ETR »E5TLE £5TE Ado
2o XOFER, BEERDD D, HiEHO MEER, WO Z2rnisiEE kB
o7c2h, HRLFEEE BT S bTIE mboi, ML BD Ky HKE oFvT,
i E¥o 4EED kXL 9N rwrei X330T, /2R FERC L5ho
Rote, LD HbH K HTIE FIERIC X500 TITA%H bok FEho
2o PUED AELE OO kkT 1HER B omn, BE: B L®HDL VU7
1 HZXoT Z&-T Wh, HSHVWO Mt L2 AT, ¥ BEAEc -
pbin TYVTAN BBholz, NAR MREER) X H<Hvo #ifio L2528 &
b OREL, WO E» AR KD T Aok, B0 HEEBHID0 BoMo
CEER, VbW DL BE AETS Eo  RERE, MR ®UIEE @Eso7, NAR &
BE EETE Eo fERLo BfiicovT BELE, 0L0o0 MO mrTo, B
K, BHOR, $8ARE <BRHL, MAERIT BE7Z KIE kBro7/, NAR &
MMEERER LI KD BHIT I -TIE HED bibhhol, Bibic HoT HLnl
MkE BZhoTwivy LD T, tBEO b0 b5 e, MRS Y
D EOEIZ BB, ORI T Ahbok, HERO MAERT JEBEo Mo
PORD DD R KBy, NAR & #@% 4£ETs Eo FERIT Fh
Db D T kpole, EEND iAo SEIE WHUBLL FAMboT, =
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—m gy 3 UhkSE EOERZ 5, BRI #ERIh Mo EoRR TC
FO¥HEED BEhol, #FFD Black spruce #k R Xt dtMBpED TH=V YD
Mo <BR3E, ZhHo 2—w 3t ved EORIE kY BBbol,



