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Introduction

Generally speaking, there are four zones in the verlical distribution of plant communities
in the Japanese Islands; the submontane, the rnoﬁtane, the subalpine and the alpine zones.
The subalpine zone, lying between the montane zone and alpine zone or between the upper
limit of montane zone and the forest line in the mountain region of central Japan, are repre-
sented by the forests consisting of evergreen coniferous species, such as Abies veitchii, Abies
mariesii, Picea jezoensis v. hondoensis, Tsuga diversifolie, ctc. mixed with deciduous ones, such
as Belula ermanii, Larix leptolepis, etc.

The climatic condition in the subalpine zone, corresponds to that in the subarctic zone,
is severe in general because of low temperature, cold wind, snowfall, etc., so the regeneration
and tending of forest stands in this zone come to be important problems in forestry as the
felling area in this zone spreads.

About twenty or more woarkers ‘belonging to our Forest Experiment Station have carried
out joint studies on the silvicultural treatments of the subalpine zone, which contains re-
searches on the natural regeneration, the artificial regeneration, the forest dry matter pro-
ductivity and the climatic condition. )

This paper deals with the primary productivity of several forests of Abies veifchii which
is one of the typical tree species in the subalpine zone of central Japan. The studies were
performed as a part of the joint studies mentioned above.

The primary productivity in subalpine Abies forests has been studied by several workers.
Especially, Osuva ef all®, Kuroiwa® ®, Kivera? and Kimura ef al® have an interest in the
peculiar structure of Abies forests on Mt. Shimagare, Nagano Prefecture, where all subalpine
Abies trees in the forest aged about 100 years dic in stripes naturally, and the next genera-
tion grows in the stripes of dead trees, and their ecological and physiological studies on the
structure and productivity have been reported in series. Also, Asapa and Aka!? surveyed the
productivity of many subalpine Abies forests in Nagano Prefecture from the viewpoint of
silvics.

This article was read in part at the 78th and 79th Annual Meetings of Japanese Forestry
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Society (1967 and 1968), and half of the investigation was reported in our previous paper!®.
OQOutline of fields and field work

The field works were carried out in 1966 and 1967 in the subalpine zone of the NNW
slope of Mt. Fuji, Minami-Tsuru District of Yamanashi Prefecture, central Japan.

The general features of the NNW slope of Mt. Fuji are as follows:

The elevation from 1,400 to 1,500 m is the border between the montane or cool-temperate
zone represented by Fagus crenate and the subalpine or subarctic zone. 7The subalpine zone
reaches up to the forest line, lying at about 2,400~2,500 m above the sea level, with which the
alpine or arctic zone represented by dwarf Larix leptolepis, Betula ermanii and others begins
upwards.

The subalpine zone of this area is mostly covered with natural coniferous forests mainly
consisting of Abies veitchii, Tsuga diversifolia, Larix lcptolepis, Abics maricsii, clc. Abies
veitchii, which sometimes distributes at 1,200 or 2,800 m altitude?’, is the most common spe-
cies in this subalpine zone, but its large-sized pure stand is poorly developed though the
small-sized one occurs with more frequency. The aged Tsuga forest seems to be in its climax
stage and occupies a large area in this zone. Larix is the pioneer species which develops on
the uncovered land originated in forest fire, degradation, clear cutting and others. Abies
mariesii is not common on Mt. Fuji, a stand of which is found only in a limited area on the
NNW slope. In the upper parts of the subalpine zone the evergreen conifer—moss community
is the general type, and in the middle parts the evergreen conifer—Cacalia adenostyloides—
moss community. The lower parts of it have communities showing more complexity in
the construction?l),

The soil is inmature and of black volcanic ash origin, the depth of which is ordinarily
from 40 to 50 cm. Under the soil layer there cxists unweathered lava with the alternate
sand- and gravel layers of basaltic matter, which disturbs the development of root system of
trees.

Our object was to appraise the full or potential productivity of organic matter in Abies
veitchii forests, so in June of 1966 and 1967, twenty stands, most of which were regarded as
in the full density stage, were preliminarily surveyed along the Shoji route of Mt. Fuji

(Table 1), and nine stands of them were investigated in detail in October of 1966 and 1967.

The outline of nine stands are as follows:

Plots investigated in 1966
Plot 11: 24th Compartment of Imperial Gift Forest of Yamanashi Prefecture. NNW slope
with a gentle gradient, consisting of Abies veitchii of medium size {(10~25 cm in DBH), aged
from 60 to 90 years, mixed with a few Pinus pentaphylla, Tsuga diversifolia, Betula platyphylla
v. japonica and Sorbus commixta. The ground was entirely covered with moss.
Plot 14: 24th Compartment. SSW slope with 15° gradient, Abies veitchii aged from 40 to 70
years in pole stage (2~18 cm in DBH), growing mixed with a few suppressed Tsuga diversi-
Jolia; no ground vegetation could be found.
Plot 21: 23rd Compartment. Flat area, abandoned nui’sery, young and dense stage in small
size (1~8 cm in DBH), aged about 25 years, growing mixed with no other species, no ground
vegetation.
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Table 1. Outline of preliminarily surveyved stands

T Age of ny . Mean Mean height N i

Plot Altitudelreleased iglfu ﬁgg; tree of main g[gf[n Basal Stlem Note

' growth | height | trees area |volume

! m yr, no./ha m m cm| mZ/ha | m3/ha
11* 1, 640 25 3179 13.6 14.9 15.5 64,77 515.6
12 1, 640 2806 14. 2 14,7 16.6 64. 46 526.8
13 1, 650 2311 12.6 13.5 158.6 47.57 360.0
14% ‘ ,Cutting area of

1,700 i 25 9700 | 6.8 7.7 7.6 56. 84 285.0 Tsuga forest
15 1,690 5700 1.1 13.4 12,0 83. 43 655.3 |Ditto
16 1,820 644 | 19.7 19.7 | 41.7 |95.17 | 900.1 ?g’;g‘t reserve
17 1,730 12857 6.3 7.8 6.7 | 55.58 | 272.6 |Windbreak area
18 1, 800 12500 7.5 7.8 7.2 60.13 316.7 |Ditto
19A 1,940 i2 15200 2.0 4, 5%¥ Ditto
19B 1,940 12 41600 1.3 3. 4%¥ Ditto
20 1, 530 25 1669 9.9 9. 14.9 29.59 166.9 |Plantation
21% | 1,530 25 ' 19500 4.5 4.5 4.3 133.65 |113.7 ‘ﬂ’jr“s‘i‘;ged
| |

22 | 1530 4 | 108 ! 0.46 ' 0. 66**| 37.0 ¥ 12.2 |Nursery

e .
31 ' 1,640 2218 1.2 | 15.0 | 162  64.94 |568.4 |
32% 1, 660 60 1204 | 16.3 ‘ 18.6 | 24,0 | 63.39 568.0 ‘

x 0 4 | ngs X . Cutting area of
33 1,700 &0 3814 ‘ C.! ) 12,4 12.8 58.03 340.8 Tsuga forest
34% 1,530 23 2076 8.5 .5 13.1 |29.28 | 138.0 !Plantation
35 1,700 973 15. 4 17.2 28.1 72.13 618.6 Nt

, | - . Cutting area of
36 1,700 ‘ 1380 ' 14,3 ' 14.7 25.3 76. 65 588. 6 Tsuga forest

" - i - Abandoned
37 1, 530 25 12106 ‘ 5.3 ‘ 5.3 5.5 | 33. 36 177.1 nursery
3g* 1,500 5 63x10¢ i 0. 69 I 1. O**| 54, 9** 25.8 |Nursery

Plot 11~22:surveyed in 1966, Plot 31~38:surveyed in 1977.
All plots except plot 16 were mainly consisted of Abies veitchii.
* : Plots surveyed in detail.

**: At stem base.

Plot 22: 23rd Compartment. Nursery, four years after transplanting of natural seedlings at

10 cm X 10 cm spacing, unthinned.

Plots investigated in 1967
Plot 32: 24th Compartment. NNW slope with a gentle gradient, consisting of relatively large
sized Abies veitchii (10~45 cm in DBH), aged from 45 to 130 years, growing mixed with a few
Betula ermanii, Sorbus commixta, Pinus pentaphylla and suppressed T'suga diversifolia. The ground
for the most part was covered with moss and few herbs such as Cacalia adenostyloides, Maian-
themum dilatatum, etc.
Plot 33: 24th Compartment. SW slop with 10° gradient, middle-sized Abies veitchii (5~23 cm
in DBH), aged from 40 to 55 years, mixed with a few Sorbus commixta and suppressed Tsuga
diversifolia, moss ground vegetation. Many dead trees suggested that the canopy had rapidly
opened in the last few years owing to some adverse condition or influence.
Plot 34: 23rd Compartment. A 23-year-old plantation of Abies veitchii (10~18 cm in DBH),
flat area. Since the canopy closure had been completed a few years earlier and the leaf
biomass came to the maximum, ground vegetation could not be found.
Plot 37: The same as Plot 21 (2~9 cm in DBH).
Plot 38: 25th Compartment. Nursery, five years after transplanting of natural seedlings at
10 cm X 10 cm spacing, unthinned.

The climatic conditions at these plots are presented in Table 2, calculated from the
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Table 2. Climatic condition

! Mean temperature ‘ W’armth’ Coldness ! Precipitation
Plot | Altitude |- ———————— . | . —_—— e — e
AnnuallMay~Oct. !Nov.~Apr. index 'lndex ‘AnnualfMayOct.1Nov.~Apr.
m ) °C ° } *C ‘month-°C month-°C mm/yr mm/0.5yr mm/0, 5yr
14,33 1,700 5.2 12, 4 —-2.0 44,5 ' —42.0 |
32 1, 660 5.4 12,6 —1.8 45,8 —40.8
11 1, 640 5.5 12.7 —1.7 | 46.7 —£0.3 {,ca‘z,oool ca.l,450 | ca. 550
21,22 _ _
34 37)| 1,530 6.2 13.8 1.01 51.0 36.8 | ‘
38 1, 500 6.4, 135 —0.8 52.2  —36.0 |
Mean monthly temperature (°C)
[
Plot l Jan, | Feb. | Mar. | Apr. { May | Jun. ‘ Jul. ;Aug. ’ Sep. I Oct. Nov‘l Dec.
1 | )
1433 —6.9| —6.6| —2.7 * 49 7.4]121 66 172 136] 76| 3.0 37
32 —6.6 —6.4 —2.5 5.1 7.6 112.3 116.8 17.4 13.8 7.8 3.2 —-3.5
il -6.5| —6.3] —2.4 5.3‘ 7.7 12.4‘ 17201 17.5 13,9 7.9, 8.3| -3.4
gigg) —5.8, —5.6| —1.7 6.1 3.4’ 8.0 175, 18.0' 14‘5. 8.5 40 —2.7
38 | —5.7' —5.4 —1.5 6.3| 6.6;13.2~17.7,18.2 14.6 ' 8.6 4'21 —2.6

data of meteorological stations at Shoji (820 m elevation, 11~ 12 km NW of the plots), Funatsu
(860 m, 11~12 km NNE) and Top of Mt. Fuji (3,772 m, 6~8 km SE). The temperature at each
plot was computed by the mean lapse rate of 0.54°C in summer half year and 0.62°C in
winter half against 100 m elevation.

In the two preliminary surveys, the sample arca of 20~400 m? suitable to the tree size
of ecach plot, except the nursery plots, was delimited in each forest stand, and DBH and
height of trees were measured.

The detail surveys were carried out in the nine plots afore-mentioned. After the measure-
ment of light intensities both under the canopy and on the nearest open ground, ordinary eight
sample trees per plot, of various size covering the whole range of DBH distribution
given by tree census, were selected and felled one by one. After recording of DBH, height,
clear length, crown diameter and height increment in the past of each sample tree. the fresh
weights of stem bole, branches, current twigs, needles and current needles were separately
weighed according to the stratified clip technique’ of one meter depth per stratum. In the
survey in 1966, the root systems of several sample trees of various sizes were dug out and
weighed. In 1967, several root systems were also measured by us and afterwards, in Novem-
ber of the same vear, Dr. N. Karizewi of Forest Experiment Station made an investigation
into the roots which we left unmeasured.

The stem discs of each sample trec were taken at one meter intervals along the stem
bole and at just below the lowest living branch for the stem analysis. The small samples
of respective treec components in each plot were also taken for determinations of oven-dry

weight and of leal area.

Biomass

The small samples were carried to the laboratory and oven dried at 80°C to constant
weights to obtain the conversion factors from fresh weight to dry weight.

All weight values in this paper are expressed in oven-dry unit.
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The biomass on the plot area was estimated on the assumption that the rate in biomass
of the total sum of sample trees per plot to that on the whole plot area is equal to the rate
in respective basal areas. Namely,

y=y'G|G' e (1)
where y and y’ denote the total biomass on the plot area and that of the sample trees re-
spectively, while the corresponding values of the sum of basal area are represented by G and
G,

The biomass at the end of the growing season (October) of the subalpine Abies stands
studied is shown in Table 3 with other properties.

The values of root biomass in Plots 11, 14 and 21 were estimated as a root biomass per plot
amounting to 30 per cent of the total biomass of both stems and branches per plot, summariz-
ing the results of actual measuring in several sample trees, while in other plots the root
biomass was given by direct measurement. The ratio of biomass in roots to that in both
stems and branches per plot came to from 23 to 42 per cent except the high ratio in the
nursery plots, Plots 22 and 38, at 64 and 48 per cent respectively.

The leaf area on one leal side was calculated through the needie weight multiplied by
the specific leaf area—rate of leaf area per unit leaf weight. The values of specific leaf
area for current needles and other aged needles belonging to each plot were independently
determined by the dot-grid method applied to photographically enlarged leaf forms. The
values of specific leaf area in each plot are presented in Table 4. In Plot 34 the ratio was

determined at each canopy stratum with the depth of one meter to [ind the wvertical change

Table 3. Biomass and other properties

Plot no. ey D2z sz oo |ae’ ol s
Number of trees no./ha 3179 970C 19sooi 105 ' 1204 3814 2076 121066300
Mean tree height m 13.6 ‘ 6.6 4.5'0.46 ! 16,3 1 101} 8.5' 5.3 | 0,69
Mean height of main trees m 1491 7.7 ' 4.5 | 18.6 1 12,4 8.5| 5.3
Mean DBH cm 15.5 7.6" 1.3 | 0.66% 21.0 ‘ 12.8 | 13.1] 5.5 1.0%
Basal area m?/ha | 64.77 56.84 33.6536. 95*‘ 63.39\ 58. 03. 29. 28' 33. 36.54. 89*
Stem volume m3/ha I515. 55;‘284. 99‘113. 6712.18 I568. 02‘340. 80'138.00‘117.07§25. 75
| Stem t/ha '190.24107.63 45.7 ! 4.9 205.68129. 23 44.98 42.11, 9.26
Oven- | Total branch t/ha ' 15.69 15.48 8.67 1.8 ] 32. 26l 16. 94| 17.01! 13.61, 3.45
dry Current twig t/ha | 0.77 0.78 0.59 0.4, 0.78 o. 59| 0.83 0.60 0.58
weight | Total needle t/ha '16.70 17,61 13.95' 5.5‘ 18.79 13.31| 21.30, 18.27| 7.29
Current needle t/ha | 3.29 3.43 2.86 1.6 4.36: 507 4 47] 3.44 2.54
l‘ Root t/ha | 61.78] 36,93 16. 32: 4.3 54.24‘ 40.56 25. 88‘. 17.48 6.05
Whole plant t/ha '284. 40‘177.65 84, 67' 16.5 310, 97‘200. 04109, 17 91.474‘26.05
Leaf ' Total needle ha/ha | 8.2{ 9.7 8.1 5.5|10.6( 7.8|12.8)10.9(7.7
(onaer_ea Current needle ha/ha | 1.6 1.9| 1.9| 1.5| 2.6 26| 3.0! 2.7]2.9
side) | Aged needle ha/ha 6.6 7.8| 6.2\ 4.0| 80| 5.2]| 9.8| 8.2/ 4.8
Relative light intensity % | 41 36! a5 ‘ 1.0 8.7| i.9| 1.0l 0.8
Light extinction coefficient (ha/ha) | 0.39 | 0.34/ 0.38 0.43 | 0.43 0.31] 0.42] 0.63
Specific pipe length cm 148 | 120 164 168 114 | 156 | 150

* : At stem base.
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Table 4. Specific leaf area (Leaf area per unit leaf dry weight)

Current I{ Plot 34
Plot needles | Aged needles | ) [
Height Current
cmi/g I cm?/g | of stratum l needles 'Aged needles
b 50 | ?9 m~in ‘ cm?/g cm?/g
14 3 ' 5 ' 9.2~9.9 43.7 I —
= 6 v 8.2~9.2 50.9 46.5
z 2 B ‘sz o 7.2~8.2 l 56.5 ' 52.8
[ -

32 59.9 55.7 6.2~7.2 62.0 51.5
33 62.9 56.2 ' 5.2~6.2 I 62.7 32.4
34 67.0 58.4 | 3.2~5.2 81.6 60.1

U
37 bon2~3z | 93.7 65.1
Dominant 78.9 55.2
Others : 83.6 56.7 |Weighted mean’ 67.0 58.4
38 105.7 k 100.5 I‘

of the ratio and to check the values of the other plots.

The needle biomass is summarized as within the range from 13 to 19t per ha in weight
and from 8 to 11 in leaf area index (LAI) except Plots 33, 34 and nursery plots. The canopy
of Plot 33 seemed to have opened in recent few years, so it carried a relatively small necdle
biomass, while that of Plot 34 was in the stage of the maximum needle biomass. But, the
differences of biomass in current needles of Plot 33 from the others are relatively smaller
than in whole needles. Accordingly, the ratio of current needles against whole needles in
Plot 33, 0.31 t per t, is as high as that in the nursery plots, though that in other plots is
0.20 t per t in average. Kimura? reported this ratio at 0.19t per t in a mature stand domi-
nated by Abies veitchii in Mt. Yatsugatake, and also Kimurra ef al® at 0.31t per t in a young
stand with 80 cm tree height in the same district.

Osnima et al® studied in Abies veitchii—A. mariesii forests of Mt. Shimagare and found
their total needle biomass within the range of from 8.6 to 12.1t per ha. Kimura® estimated
the needle biomass of a mature subalpine Abies forest to be 20.8 t per ha and Kimura ef al®
that of a young stand of Abies veitchii to be 10.24 t per ha. Calculating from the data of 24
forests of Abies wveitchii in Nagano Prefecture surveyed by Asapa and Axai?, their needle
biomass comes to 16.2+£5.0 t per ha in average.

Also, Smiper ef @l found the needle biomass of 19.1t per ha in a middle-aged Abies
sachalinensis in Hokkaidd. Tavakt and Hartival, correcting the values given by Tapaxi!®, sum-
marized the leaf biomass of closed evergreen coniferous forests in Japan, excluding Pinus and
Cryptomeria forests, as 16.044.5t per ha in dry weight and from 5 to 10 in LAI based on
the data of 47 stands. So the needle biomass in our subalpine Abies forests except the
nursery plots seems to be within the reasonable range in evergreen coniferous forests.

The vertical distribution of the biomass per each plot is illustrated in Fig. 1. Though
there are obvious differences in total biomass caused by the various stem biomass, a distinct
difference can not be found among plots in the amount nor in the form of the distribution
of canopy biomass except Plots 32 and 34; the depth of a stratum of the former is different

from the other, and the canopy of the latter is just fully closed and not yet pruned naturally.
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’ 140m
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Fig. 1 Vertical distribution of biomass in stem (ys), in branch (ys), in current needle
(yzn) and in aged needle (yno0) per plot. Dotted line expresses course of light

«

attenuation along community profile estimated by Equation (2).

The specific pipe length was calculated in each plot, which expresses the proportionality
constant in the direct relation of the total weight of both stems and branches contained in
a horisontal stratum to the weight of leaves appearing in and above that stratum. The
specific pipe length was proposed by Suinozak: ef al1® who supposed that the stems and
branches in a certain horizon of a plant community were supporting, toth mechanically and func-
tionally, not only the foliage in the same horizon but also all the foliage occurring in higher
horizon. The values of it, having the dimension of length, were calculated as shown in Table
3, among which the value of Plot 33 was exceptionally small because of its open canopy.

The course of light attenuation along the community profile was estimated by Brer-

Lampert’s formulal?d;

I/, = exp (— KF)
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and shown by dotted lines in Fig. 1, where I,
and I denote the incident light intensity and
the light intensity under the leaf area F re-
spectively, and K the extinction coefficient.
From the values of relative light intensity
I/I, under the canopy measured before felling
of sample trees, K was calculated at 0.39 (ha
per ha) in average of seven forest plots with
the range of from 0.31 to 0.43.

The total biomass of stand increases with
the forest growing. Fig. 2 shows the course
of biomass increasing with the growth stage
expressed by the mean height of trees com-
posing main canopy. The increase of total
biomass of forest is mainly caused by that of
stem biomass

stems. The percentage in

against the total biomass becomes larger,
while on the contrary, that in needle and
branch biomass becomes smaller with increas-
ing mean tree height. Plot 34 is somewhat
dissimilar to those plots because it is a planta-

tion.

ATRBRETIZE

W 2205
Biomass
t/hal Py
300+ b /ONeedle
5 3/ Branch
o »—®
| //
200} D//
[ ]
/g% . Stem
1001 / ®
¢ o]
o
[é_-—-'“’/ ° Root
O 1 '
100
o % Needieo/o——"‘g—g 2:
E ol .
- L
§ ol “Branch *
% Stem
’g- O 5o—o02 0——0 o
< o Rloot .
i0 20m
Mean height of main trees
Fig. 2 Increase of biomass and change

of composition rate with increas-
ing of mean height in main trees.

Having a much lower initial density than the other natural or semi-natural plots,

Plot 34 has been grown under unclosed canopy till a few years ago, so the total biomass is

smaller, while the percentage of branches and needles against the total biomass is larger

comparing with the progress of biomass increasc in natural stands.

Stem increment

The stem volume increment including stem bark in recent one year per plot was estimated

as the total amount of stem increment of sample trees, determined by stem analysis, multi-

plied by the rate of G/G’ in Equation (1) and shown in Table 5.

Table 5. Stem volume increment (with
bark) in the recent one year

ot [P ORER] Ty )
m3;ha m?*/ha/yr ' L/yr

il 515.55 18.81 0.036
14 284,99 21.69 0.076
21 113.67 23.06 0. 203
22 ' 12.18

22 568.02 13.97 0.025
33 340. 80 10. 58 0.031
34 138.00 21.97 0.122
37 1:7.07 15.50 0.132
38 28,75

The average values of leaf efficiency in
stem increment or the stem increment per
unit leaf weight per vear came to 1.06 dm3
per kg needles per year, with the wide range
of from 0.74 to 1.65 dm3® on volume basis and
0.40 kg per year with the range from 0. 27 to
0.99 kg on dry weight basis.

As Tapax: and Sume2®, and Tapak!® have
suggested, there is an obvious difference
between the vertical distribution of the hori-
zontal strata having larger leaf biomass and
that of those having larger stem increment;
and the amount of stem increment is nearly

the same at any height under the horizon
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Cunwlative needle weight
from canopy surface to z-stratum

Fig. 3 Vertical distribution of stem increment per year per plot (dys) in
relation to that of ncedle biomass (yz) and of cumulative needle
weight (Zyz), and relation between stem increment in a certain
horizontal stratum z (dysc) and cumulative ncedle weight from
canopy surface to z-stratum (2yi(.)) approximated as Equation (3).

where the canopy is closed, whereas it decrease upwards above that horizon. And they have
also suggested that there is some clear rclation between the stem increment in a certain
horizontal stratum and the cumulative leaf amount which expresses the leaf biomass appear-
ing in and above that horizontal stratum.

The situations afore-mentioned in typical four plots are illustrated in Fig. 3, in which the
annual stem increment is expressed on dry weight basis. The rciation between the stem
weight increment in a horizontal stratum z, dysc:, and the cumulative needle weight from
the canopy surface to z-level, Syucs, can be approximated from the following formulal®,

1/dysczy = Affynn+B e (3)
where A and B are the constants.

Net productivity

There are two methods to estimate the net production figure based on the biomass
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measuring?. The first one is

APy = dy+dL+4G e (4)
where 4P, 4y, dL and 4G denote the net production during the period ¢, ~ #;, the difference
of biomass between # and {3 the amount of loss by death during the period and that by
animal grazing respectively.

The second one is

APp = yx+ AL+ 4Gy e (5)
where y~, 4Ly and 4Gx stand for the biomass newly produced during the period # ~1#; at
f, the loss by death during the period out of newly produced matter and that by grazing
respectively.

The second method was used for the present investigation. Since 4Ly and 4Gx were
usually supposed to be considerably smaller than y~, they were disregarded and yy was divided
into several tree components,

APy == yns+yNpFINLFYNR e (6)

where S, B, L and R added as suffix denote the tree components; stem, branch, leaf (needle)
and root respectively.

The determination of yws is possible by the method of stem analysis. The obtained
values of the volume increment were converted into dry weight multiplying the average dry
weight—volume ratio.

To estimate the amount of ywg, naturally including not only the amount of current twigs
but also that of incremznt in aged branches, the relation between the branch weight per
tree and the stem volume inside its crown which indicates the stem volume above the lowest
living branch was employed?!®. On the assumption that the situation of the afore-mentioned
relation did not change within a short period, the amount of newly produced branches per
tree could be determined as the difference of the branch weights between at present and at
the end of the preceding growing season, the latter being calculated by applying the stem
volume in the preceding year above the lowest living branch at present. The value of ynn
was given as the total sum of the values of single trees. This method is based on the
consideration that the amount of branch fall in the crown above the preseni lowest living
branch may be fairly small during the recent one ycar.

The amount of yzy was here regarded as to be equal to the biomass of current needles
at the time of investigation, though Kimura® reported that about 15 per cent of current
needles of young Abies veilchii was shed during the same growing season, and Kuroiwa?™ sug-
gested that the needle weight of Abies veitchii increased about 0.05 g dry weight per 100 cm?
leaf area per year.

since the direct determination of ynr was difficult, its estimation was made on the as-
sumption that the rate of newly produced biomass against the whole biomass in under ground
parts was equivalent to that in above ground woody parts.

In nursery plots, the branch fall was scarcely observed, so yys and y~r in total was esti-
mated as the difference between the biomass at present and that at the end of the last grow-
ing season. The former was calculated from the relation of stem and branch weight to D*H
per tree (D: diameter at stem hase, H: height of seedling), while the latter by the same
relation of D?H at the end of the last growing season replaced by D?H at present. The estima-

tions of their ynz and ysxr were carried out in the same procedures of the forest plots



FHROAERBICET AU (XVD (K- 82 - MK - EA - 1@) — 11—

Table 6. Estimates of net production

Plot no. 11 14 2 2 | 32 3 3 3 B
[ - o - t/ha/yr

' 6.9 82 9.5 5.0 41 7.2 5.3

Stem (48) (49) (51) | ,, | (80) (36) (36) (36) 4.1

Current ' Branch 1.7 21 25 '(49) ‘ .8 L4 37 3.2 U8
products an a3 s (14)  (13) (19 (22)

" Root 26 3.1 36 27 1.6 1.5 45 27 2.0

(18) (18) (20) (32) (12)  (14) (23 18) (23)

3.3 3.4 29 1.6 44 41 45 3.4 25

Needle @) (@) (15 (9 | @B (@) (22 @) (29)

|14.5 16.8 18.5 8.4 l 12.8  11.1_19.9 4.6
(100) (100) (100) (100) | (100) (100) (100) (100) (100)

Figures in parentheses indicate the relative values.

Net production

afore-mentioned.

Thus the net production figure in each plot was determined as shown in Table 6.
Gross production

The value of the gross production is given as the total sum of the net production and
the consumption by respiration. The rough estimates of dry matter loss duc to the respi-
rations of needles and of woody organs were separately calculated from certain available data.

According to the observation by Kuroiwa?, the respiratory rate in current needles of
dominant and intermediate trees in young Abies veitchii stand in Mt. Shimagare averaged
0.98 mg CO; and in aged needles 0.75 mg CO; per g dry weight of needles per hour at 15°C
in summer.

Pisex and Wiskcer!® reported that the respiratory rate of Picea excelsa at high altitude
reached a maximum in summer to be about twice as large as that in the other seasons:
here, the rate of Abies veitchii in seasons other than summer was assumed to be one-half
of Kuroiwa's rate.

From those rates and the monthly temperatures shown in Table 2, and assuming the
temperature coefficient of respiratory activity @, = 2, the loss of dry matter due to needle
respiration in each plot was calculated by the usual procedure, in which the conversion coef-
ficient from respired CO; to the dry matter was accounted as 0.614, regarding the average
composition of plant material as (CgH103)0.

In the case of our investigation, the seasonal change of needle biomass was unconfirmed,
so the needle biomass as the base of the calculation of respiratory loss was assumed that the
amount of aged needles did not change through the growing season and the current ncedles
existed from June onward unchanging their biomass.

The respiratory loss in woody components—stem, branch and root—was roughly estimated
by the indirect method suggested by Suingi ¢f @l19:

The gross production 4P is defined as the sum of the net production 4/% and the respi-
ratory consumption 4R; '

APy = 4Py+dR. e, (7)
This relation can be derived as in the following:

A‘}’L-= AP"-[-(rI‘.yL-l—ra.yo)' ........................ (8)
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08 ap, /Y. ’ where A is the average gross assimilation rate,
t/t-yr o2 yn the leaf biomass, yo¢ the biomass of woody
components, and rz and r¢ the average respiratory
rate in leaves and in woody components re- -
06 spectively.
Then, the Equation (8) is reformed as
APy =(A—-rn)yr—rosyo, - (9)
APpfye =(A=ri)yrlye—re, e (10)
where (A—rz) represents the average net assimi-
lation rate in leaves.
When we illustrate the relation between
4Pyiyc and yriye, a linear relationship is expected,

and (A—rz) and re are respectively given as the

X /e inclination of the regression line and the intercep-
é;:s b tion of longitudinal axis.
0/ L — L 1 L In the case of this investigation, we could

02 04
"\[& =-0.04 determine the value of re around 0.04 t per year

3 and (A—rz) seemed to come to about 1.4t per t

i per vear as shown in Fig. 4.
Fig. 4 Estimation of average respiratory
rate in wood (r¢) and average net
assimilation rate in needle (A-rz) can be determined as the total sum of net produc-
according to Equation (10). Figures
added to the circles indicate the
plot number. in woody components as presented in Table 7.

Then, the gross production figure in each plot

tion, respiratory coensumpticn in needles and that

Table 7. Estimates of gross production

Plot no. 11 14 21 22 32 23 34 37 38
| t/ha/yr
. 14,5 16.8 18.5 8.4 12.8 11.1 9.9 14.6 8.6
Net production ) (32)  (38)  (¢7y  (53) | (26) (31) (38 (35) (45
[ o 43 4.4 3.9 2.2 5.7 5.2 6.1 47 &
Current necdle (9 (10) 10y (4 | 2) (5 (2 ) (18)
Respi- . "
6.5 17.0 14.2 5.0 18.3 11.5 22.3 19.7 6.4
ration = Aged needle (36) (38) (36 (3) . (28) (33) (23) () (23)
k7 . . 10,7 6.4 2.8 0.4 11.7 7.5 3.5 2.9 0.8
Woody organ 3y ) (v (@ | o @) & B @
. 46 45 39 16 1 49 35 52 42 42
Gross production I (100) (100) (-00) (100) ' (100) (100) (100) (:00) (100)

Figures in parentheses indicate the relative values.
Energy efficiency

The total amount of the incident solar radiation is 125X 103 cal per cm? through a year
and is 70X 108 cal per cm? during the period from May to October corresponding to the grow-
ing season, according to the observation by Meteorological Station at lida, located on the same
latitude in spite of the long distance of 70 km or more away from the area we worked.

Based on those figures, the efficiency of energy fixation (Lixpeman’s ratio) was calculated
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Table 8. Energy efficiency

Plot no. 11 14 21 22 32 33 34 37 38

For net production [
Whole year 0.00s
[o]

0.006 0.006 0.003 0.004 0.004 0.007 0.005 0.003
Growing season* | 0.00% 0.010

10 0.011 0.C05 0.008 0.007 0.012 0.009 0.005

For gross production
Whole year 0.015 0.015 0.013 0.005 0.0:6 0.0!2 0.017 0.014 0.006
Growing season* 0.027 0.027 0.024 0.010 0.029 0.021 0.031 0.025 0.011

* From May to October.

for both net and gross production figures as given in Table 8. It seems that the efficiency
of the growing season in subalpine Abies forests comes to around 0.9 per cent for the net

production and 2.6 per cent for the gross production in average.
Discussion

The net productivity in a mature subalpine forest dominated by Ables veitchii at about
2,250 m above the sea level was estimated at 11.1t per ha per year by Kimura? and that in
a young forest at the same situation 7.4t per ha per vear by Kimura ef al® Also, Asapa
and Axat reported a wide range of net productivity of Abies veitchii forests in Nagano Prefec-
ture as from 7.6 to 19.7 t per ha per year.

Besides, Suiner ef al® found a fairly high net productivity, about 21t per ha per year,
in a Abies sachalinensis forest of Hokkaido at the prime of its life, and M3pLLEr? estimated a
maximum net productivity of Picea abies in a forest in Denmark at 18.0t per ha per year.

According to the summarization of Tavaxt and Hartival?, the net productivity of 46 ever-
green coniferous forests in Japan, excluding Pinus and Cryptomeria forests, averaged 13.5+4,2 t
per ha per vear.

Therefore, not only may the annual net productivity of our forests, from 11 to 20 t per
ha per year, be considered as normal as that of subalpine coniferous forests, but also the
productivity in subalpine forest where cool temperature and severe climatic conditions prevail
seems to be not so low as commonly believed.

The gross production figures of our forests, from 35 to 52 t per ha per year, are unreliable
because of rough estimates in respiratory loss, but they are similar to those of a mature
subalpine Abies forest estimated at 40 t per ha per year by Kimura ef a/.®, and of a middle-aged
Abies sachalinensis forest estimated by Yova ef al3® from 35 to 40 t per ha per vear in respi-
ration with from 20 to 24 t per ha per year in net production. On the other hand, thereis a
big difference in gross production between ours and a Picea abies forest in Denmark estimated
by MsLier? at 26.5t per ha per year as the total of 18.0 t in net production and 8.5t in
respiration. The difference originates mainly from the difference of respiratory loss atiribut-
able to the latitude and temperature condition.

Kira et al® and Kira and Suier® found the proportional relation between the gross pro-
ductivity of several broad leaf forests and the length of growing season in months multiplied
by the leaf area index, and Tapaki et al!®, adding some other data, confirmed this relation.

In the case of our subalpine coniferous forests, the relations were tentatively plotted on

the picture as illustrated in Fig. 5. The linear relationship is not well confirmed by the
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Gross production
t/ha-yr

icor

LAIX leng’th of grow'mg seasen
ha - mortth /' a

Il 1

1
100
Correlation between gross production, leal area
index (LAI) and length of growing season. Solid
line denotes the relation in broad leaved forests
given by Kira et al® and broken one the relation
in subalpine coniferous forests, the latter is tenta-
tively drawn as 80 per cent of the value in former.
1: Young Abies veitchii forest of Mt. Shimagare?,
2. Picea abies forest of Denmark®, 3: Abies veilc-
hii forest of Mt. Yatsugatake?:, 4: Abies sachali-
nensis of Hokkaido?®, Open circles: Present inves-
tigation, ligures added to the circles indicate the
plot number.
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Fig. 6 Graphic presentation of annual dry matter pro-

ductivity in Abies veitchii forests in relation to
total biomass.

5 229 &

plotted points of subalpine coni-
ferous forests, but the relation
of subalpine conifers distinctly
differs from that of broad leaf
forests given by Kira ef al®;
less than 80 per cent of that of
This fact
shows that a production activity

broad leaf forests.

of unit leaf amount in conifers
is inferior to that in broad leaf
trees.

The primary productivity of
Abies veitchii related to forest
developing is graphically pre-
sented in Fig. 6. Here, the
productivity is given in relation
not to the stand age, but the
total blomass of forest, because
of the difficulties in deciding
the age of natural forests and
in estimating the effect of soil
conditions. As most of the for-
ests employed to illustrate the
picture are in the full density
stage, the full productivity of
the subalpine Abies forests in
the area we worked can be read
from the picture.

The net productivity reaches
a climax at about 100 t per ha of
the total biomass—mean height
of dominant trees around 5 m—
which appears at stand age
about 30 years in a closely re-
generated stand on a sunny area
of ordinary site conditions in the

subalpine zone of Mt. Fuji. The

variation in needle biomass having the same pattern as in net production, the peaks of vari-
ations of both patterns almost corresponds to each other.

In gross productivity a rapid increase up to the biomass of abeut 100 t per ha is followed
by a relatively constant stage up to 300 t per ha of total biomass, in which the net produc-
tivity decreases and the respiratory loss in woody components increases with increasing of
the total biomass. We could not find a clear maximum of gross production as MéLrer ef all®

found in the plantations of Fagus sylvatica.
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Summary

Seven forests and two nurseries of Abies veifchii, located in the subalpine zone of Mt.
Fuji, were investigated on their primary productivities in the fall of 1966 and 1967. There
were few significant differences among the canopy layers of forests in biomass and in verti-
cal distribution of the organs, in spite of the large differences in the whole biomass. Leaf
area index of the seven forests, 8~11, led to the coefficient of light extinction 0.31~0.43/LAL
Net production as the sum of the biomass newly produced during the recent one vear was
estimated at 11.1~19.9 t per ha per year for the seven forest plots and 8.4~8.6 t per ha per
year for the nurseries. Tentative estimate of annual respiratory loss was made and gross produc-
tion was roughly estimated at 35~52 t per ha per year for the forest plots and 16~19 t per ha per
vear for the nurseries, which correspond to 1.2~1.7 per cent and 0.5~0.6 per cent of the
fixation of solar energy for the whole year respectively. The variation of primary produc-

tivity in Abies veitchii forest relating to increase of the whole biomass is graphically presented.
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Appendix II-1. Sample trees in Plot 11
Tree no. | 11-9 Il 11-10 ! 11-11 11-12 11-13 11-14 11-15 11-16
H 15,65 ' 14,35 15,55 14.61 13. 48 15.15 i4.61 12.20
D 23.0 18.0 17.0 13.6 14,8 19. 4 17.3 12.5
4H 19 15 | 15 17 12 1 20 11 0
ws 125, 444 72,266 | 67.898 46.284 48.211 89. 20% 65. 630 ' 33. 683
wno 9.522 6.999 3.913 2.992 5.787 8. 385 3.625 1.794
WRN 0.937 0. 239 0.317 0.110 0.098 0. 355 0. 142 0.020
wno 10.054 5.672 4,018 2.781 3.672 7.985 3.430 1,089
wLN 3.057 1,161 1.319 0.595 0.603 1.858 0.75¢ 0.138
WR ’ | | ‘
1!
vs 339. 956 195. 843 184.005 l 125,431 l 130. 652 241,760 177.880 91.282
dvs 13.963 9.799 4,375 ( 3. 657 4,760 12.110 ‘ 3. 000 2,569
Notations: H: tree height in m, D: DBH in c¢m, 4H: height increment in recent one
year in cm/yr, w: oven dry weight in kg, S: stem, BO: aged branch, BN:
current branch, LO: aged needle, LN: current needle, R: below ground
part, vs: stem volume in dm3, Jdvs: stem volume increment including
bark increment in recent one year in dms3/yr.
Appendix 11-2. Sample trees in Plot 14
Tree mo. | 14-1 | 14-2 143 | 144 ‘ 14-5 \ | 14-7 ‘ 14-8
T
H 6.95 ’ 7.66 .00 | 5. 80 3.65 8.38 ! 7.40 l 9.22
D 6.8 7.6 1.1 5.0 2.8 9.6 6.3 14.8
4H 8 14 22 ‘ 0 0 15 7 20
T
ws 6.013 9.094 17,888 i 2.471 0.732 13. 403 6.855 1 34. 405
wno 0. 487 0.753 . 2.431 0.142 0.042 1.924 0. 868 5.761
wnonN 0.017 0.038 0.121 0. 007 + 0.131 0.033 0.312
wro 0.543 0.930 - 2.452 0.199 0.042 2,162 0.744 4,903
WLN 0.089 0.242 0.578 0.03! 0.002 0. 480 0. 161 1. 309
wr 1,955 6.132 0.232
vs 15. 804 23.545 45, 756 6.760 1.862 l 35.375 ! 18, 200 93. 294
dvs 0,432 1.296 4,844 l 0.273 0.090 | 2,967 | 0.526 7.881
Appendix [I-3. Sample trees in Plot 21
Tree no. | 21-17 | 2118 | 21-19 | 21-20 | 2-21 | 21-22 | 21-26 | 21-2¢ | 21725 | 21-2
H 6.37 5.79 5.18 5.17 4,42 3.87 3.61 , 1.71 l 2. 46 [ 4,42
D 7.9 5.9 5.3 4.9 4.0 2.9 2.4 1.3 2.0 . 3.6
4H 59 44 56 45 25 27 1 0 [ 0 1 11
L
ws 7.319 4.132 2.776 2.597 1.451 0. 823 0. 405 0.123 0,274 : 1.238
wno 1.554 0. 680 0.526 0.356 | 0.223 0.103 0.038 0.029 0.077 | 0.147
wnN 0. 109 0. 050 0.034 0.048 | 0.010 0.007 0. 005 0. 000 0. 001 0.010
Wwro 2,219 0.939 0. 657 0. 500 0.275 0.167 0. 066 0.026 | 0.076 0. 203
WLN 0.536 0.212 0.180 0. 202 0.061 0. 040 0.023 0.001 0.005 0.060
wRr 2.790 0.304 0.042 | 0.093 | 0.230
vs ''17.849 | 10.428 6.792 6. 563 3.776 2.039 1.076 0. 291 0.732 2.992
dvs | 4.382 2.216 1.394 1.149  0.649 0.272 l 0.042 0.010| 0.017 0.528
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Appendix 11-4. Sample trees in Plot 32
Tree no. ’ 32-1 i 32-2 32-3 1 32-4 32-5 32-6 32-7 32-8
H I 19.85 19.20 ) 18.85 ‘ 18.00 18,80 17.65 14,08 7.65
D X 40.0 31.5 30.0 28,0 25.0 21.0 15.5 8.5
2H 5 22 17 } 10 10 10 14 16 1
ws | 457.336 248.937 209.769 201. 475 166.776 103.179 44,426 9.240
wno 96.573 25. 966 33.017 32.040 17.750 8.416 6.313 0.492
wnN 2. 100 1.003 0. 644 0. 641 0.639 0.331 0,083 0.002
WLO 36.137 16,075 14.988 14,455 8.903 5.578 4,505 0.517
WLN 8. 664 6. 166 4. 440 4,615 3.729 2.157 0,739 0.022
wWr 132, 649 66, 235 49,107 48,077 36. 444 24,239 16,897 6.418
vs 114.089 687. 668 635. 660 519. 266 475.145 305. 262 138. 396 24,508
dvs 30. 420 17.706 7.643 14.215 15.416 6.118 5.165 1.222
Appendix O-5. Sample trees in Plot 33
Tree no. | 3340 | 33-23 | 88-10 | 833 | 837 | 33-37 33-3 | 33-2¢
H 11.70 14.00 11,46 10, 80 6.71 11.66 11.78 6. 48
D 11.0 23.0 16.0 13.5 8.0 13.0 19.0 6.5
dH 9 18 11 15 2 21 18 9
s 23.397 ' 98.595| 43.1541 31,649 6.986 | 34.630 | 39.145 4,272
wno 1.160 11.997 4.557 3.539 0,727 6.540 9.099 0.335
wnn 0.089 0. 670 0.135 0,094 0.007 0.109 0.278 0.004
wLO 1.3381 6.793 2.943 2,142 0. 492 2.030 5. 483 0.356
WLN 0.599 3.741 1. 150 0.814 0. 064 0.859 2.214 0.047
wr 4,566 31.234 16,091 | 9.220 3.611 10.076 18.284 , 1.579
vs 60. 145 | 243.553 119. 542 81.780 19,682 87.007 172.933 10.765
dvs 0.971 10.592 ! 1.811 1.565 0.318 3.352 | 6.002 ‘ 0.092
Appendix@1-6. Sample trees in Plot 34
Tree no. 34-2 34-10 34-8 34~-14
H 9.00 7.25 9.23 9.90
D 12. 4 9.6 15.5 17.0
4H 75 55 40 65
ws 19. 346 10.554 29.348 34. 288
wgRo 5.730 4, 600 10, 437 12.885
waN 0.244 0. 067 0. 659 0.745
wLo 6.053 4,911 10.710 13.324
WwLN 1.542 0.651 3.344 3.766
Wwr 14.071 4,608 | 15.102 20,043
Us 58. 270 30. 156 94,976 103. 585
dvs 10.717 4,865 14,085 16.028
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Appendix II-7. Sample trees in Plot 37
Tree no. 37-13 37-3 37-14 37-24 37-7 37-17 37-19 | 37-25
H 5. 65 4,25 5.38 2.87 5,20 6. 40 6.20 6.95
D 4.9 3.8 5.4 1.9 5.0 7.8 7.1 8.7
dH | 51 13 10 [¢] 36 48 45 60
ws I 2.546 1.558 2.708 0. 306 2. 144 5.860 5.038 7.898
WRo 0. 489 0.213 0.551 0.060 0.376 1.221 1.243 4,516
WRN 0.039 0.007 0.055 0,000 0.010 0.08<« 0. 050 0.157
WwLo 0.626 0. 297 0.710 0.053 0. 504 1.550 1.51% 4. 634
WLN 0.203 0.045 0.272 0,001 0.074 0.517 0.317 0.863
wr 0.777 0.546 0. 886 i 0.150 0.827 2,137 1.756 4,568
vs 6. 680 3. 381 7.620 0.935 6.128 17. 403 13,802 ] 22.061
dvs 0.722 0. 260 0.700 0.016 0.783 2.385 1,984 ‘ 3.476
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HFREIFHE L LTiiabhie "IEIHro&E®K" O—Me LT, 1966~19674 i B Lkl el
WTY 7 eV HROMEAES L S,

FohUDPWRAMELLN 20O T oy b (Table 1) s, 9id 7oy b ERATHEENEL
foo RINBGEIZ & - T, i 8 YRR A A, RELT TETREAZNE ChEmTiclR
Lo, @EBIRIR Lize ha ) OBIFRIRBNERTEHIRIC K - THEE L7z (Table 3), Z0EFHK
437683 Fig. 1 iailtc. MOOAEEDHELIZ DAL THENI NG 243, R0k, BPLENUMEOE
RHEHEET, BOBINNT S (Fig. 2), MO OERIIETERT 13~19 t/ha, EEBEHERIT 8~
11TH Y, FEOBIHRMIT 0.31~0.43 (ha/ha) LFHEES 1k,

SN (WREEAT) 3 Table 5 @ &Y T, EOBRALEEFRIIINET 1 kg b7 b 4EH 0.74~1.65
dm® BHRTERD . TNEROEERRICTI LT & 0.27~0.69kg THZ . RREORINVESE L o
~NEE, HERATETMIZERENAE B0 L, KEMID TOHNTR, MITLOoBNEED
FRADLBLND, TORRE, WEMER & ONTREGESH Uion—MITER L B HIBEERL &
T3 (Fig. 3),

FREELNS, BAERBSOMITE LORY ., EENRISRITRIC XY, BEEERRE, BENST
i DR ERIB LT, 1 FEAONBIRRERY, CheBEORFENOREEEREBD LT
T, TREERE, ESHBOLEERP LB LTRY, ChICSEERFEREMATHEERE U
7o455 (Table 6), 7THEOHST 2 o M T 11.1~19.9 t/ha « 2F, 2 HWOWMT 2 » b T 8.4~8.6 t/ha «
FLiLot,

REERIZ, BREEIN TS V7 vy OBEOFRHEIGROEL, BLUE (Fig 1) 2RHVTH
52 U MWW A 5 SHET L 220G & 3 M8 & FidpE B 43 & LTk (Table 7). Z0#k
B, ki, W7 ey T 35~52 thha - ki 57,

feAEE R K UM I 2 FR], B ROEFENRANO © x v £~ 2@ (Table 8) i3, #hiskER
Zx U THID0. 4~0. 7%, B0, 7~1. 2%, EmBICH LT, ThEh, 1.2~1.7%, 2.1~3.1%
Litiant,

19694121 4 BHZR

(1) ERBERTLERE 2 PIEE » MPigt

2) ERBERFIEHKRT 2 HREE

(3) RERHIIEHR (i, ERBENRT 2 LR
) RBULHFARRE

(5] FEEHRERRE
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MR Z MO M A 7 — 2 LB B £, 2 TRANEETE - 120, B}, —8
DOHEMHROME  SRTHZAMITNES S WELFOMITER L, TOREELBEPSER
SNHBEEL BTN KRS TH S,

REFERIC OV TR E WiET 2 &, WIS EENHRE A OhEIFRT < o ~2EA, 80
VT &5 (Fig. 5, %D, WO/EMER LS AT, HERKIIEERKCE T 5.,

¥ 7 ROBUFIIGINT T § 5 A R OFA 2L L TH s (Fig. 6), HE2:% LHEZER: 100 t/ha
BV TRREUE LD, 100 t/ha P - DBEHTHAFEMSRLT 20D IC, MOTHRREAE
mL, RFED 100t/ha 05 300 thha ¢ S0 TH, #AEERICESH T ENMIZEOLITHS.,



