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ABSTRACT

Six young trees of Alnus tinctorig grown in isolation, each having different growing
stage, werc selected and the sarface area of their roots, stems and leaves was deter-
mined. Each of the roots of more than 0.2mm in diameter and stems was cut at inter-
vals of 10cm and their surface area was calculated with 2] from the average diameter
(2r) of both sections (upper and lower) by making cylindrical estimation of the cut
pieces. The leaf area measured was only one side area, and the volume of cut piece
-and amount of dry matter of each organ were also measured.

The percentage to the surface area of the whole plant body by each organ was
4-12%; in root, 7-9% in stem and 69-89 % in leaf, respectively. There was relatively
a little individual difference. However, the surface area ratios of root and stem
showed a slightly increasing tendency while that of leaf decreasing according to
the growing stage.

The ratio of sum leaf area index (LATIi) was 2.3-4.0m2/m?2 and that of the surface
area index (SAID) was 0.16-0.33m?2/m?, respectively, It has been known that the stem
surface area (SAT) to the leaf area index (LAI) is within the range of 31-53 %, but the

SATi is within the range of 8-119; of the LAIL.

INTRODUCTION

Since plant communily is formed by structural
and functional integration of many individuals,
the investigation of structural or functional
difference between individuals in isolation and
in community may be a way to understand plant
community. According to Cockshull and Hughes
(1968), an individual of plant community is
different from others in light requiremcnt espe-
«ially, among various factors, affecting the dis-

tribution of dry weight. 1f the distribution of
dry weight by organ changes, an individual of
plant community is differad naturally from an
isolated individual in tree form.

A plant or a stand is treated at a set of unit
pipe in the pipe model theory (Shinozaki, et al.,
1964) induced from the discussion on the productive
structure of plant community. According to this
concept, plant and stand are the same in a set of
unit pipe. In this case, the difference between
plant and stand is the separation of each unit pipe
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in stand while plant seems to form trunk in bundle
of unit pipe. Even in case that specific pipe length
15 the same as that of the separated one in the
unit pipe which forms a bundle, the surface area

covering the unit pipe should be considered, from

the theoretical point of view, to be saved. It can
be presumed, therefore, that the distribution ratio
of surface area by organ may be different between
individual and plant community.

The ratio of surface area of the shoot and root
system of plant has been a problem of great
concern for a long time(Parker, 1949). Although
many reports are available on the leaf area in
relation to the primary production of plants, data
concerning the investigation of the surface area
of root and stem are rarely available. It is necessary
to investigate the surface area of root and stem
because of its relationship with the respiration
rate, energy exchange and water and mineral
budgets. However, it seems that the distribution
of surlace area in plant community was more
concerned (Whittaker and Woodwell, 1967; Yim
et al., 1969) than in the isolated individual, Even
the estimation of dirv weight of subterranecan
organs is very difficult (Melhuish, 1968; Fiala et
al., 1968) and therefore there is almost none of
reliable information concerning the surface area
of the isolated individuals.

From this point of view, it is intended to discuss
about the change of surface area along with the
erowth of isolated Alnus tincioria and the difference
in the surface area of plant body at the individual
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and community levels related to such a change.
MATERIALS AND METHODS

1. Selection of sample trees

Six young trees of Alnus tinctoria, isolated on a
hill at Iljuk-myon, Kyvunggido Province, and not
affected externally liable to cause ecological im-
balance, were selected.

The sampling of Alnus tinctoria, a species usually
used for afforestation, was made between June
15 and July 25, 1972 when its leaves were com-
pletely developed. The- soil on which the sample
trees grown was formed with sandy loam and
almost no difference in its appearance was observed
among six sites.

2. External characteristics and surrounding con-
ditions of the sample trees

The external characteristics and microhabitat
cf the six sample trees, Alnus tinctoria are as

" summarized in Table 1.

3. Measurement of surface area, dry matter
amount and volume

The sample trees were cut at intervals of 10cm
from the ground and the leaf, stem and root areas
were measured by each zone., The surface area
was calcnlated with 2mrl [rom the average diameter

. (21) of the upper and lower sections and the length

of cut pieces by making cylindrical estimation of
the root (more than 0.2mm in diameter) and
stem, The surface arca of leaf was measured on
only one side by transferring the leaf form to
tracing paper and counting of 0.25 square mili-

Table 1. Summary of some quantitative characteristics of the sample trees, Alnus tinctoria

Sample Height Diameter Covering Hpax Depth Covering Dax Sampling
\ree (cm) of Hy area of (cm) of root area of root (cm) date
{cm) shoot(cm ) (cm) (cm )

A 75 0.7 1970 41.4 38.8 412 4.8 July 25
B 100 0.8 4704 45.2 47.5 996 6.5 June 18
C 132 1.5 5617 40.6 338 2887 18.9 July 16
D 169 2.1 15300 46.2 53.1 19717 41.5 July 9
E() 176 3.4 22220 89.8 105.0 12269 47.0 June 15
F(2) 246 4.6 17718 148.0 67.8 41845 21.0 July 2

Hs,: Stem of 30cm high above the ground.
Hpax Height to canopy of the widest covering area on the ground.
D nax: Depth of root system of the widest covering area.
(1) Two small lower branches showed the marks of being picked.
(2) Four small lower branches showed the marks of being picked.
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melers on milimeter paper(Ondok, 1968).

The sections of plant samples were dried in an
oven of 80-85°C for 3-4 days and its dry matter
amount was obtained subsequently. The volume
of plant body was also measured by each zone
by using a water contained cylinder. Various
methods wers employed to measure the root area
in order to solve difficult technical problems
involved. However, it is not considered possible
practically to obtain a significant area for root
activity with such macro method described above
(Melhuish, 1968). The measuring method for the
present study was adopted as a scheme to aquire
the first-hand knowledge about the surface area.

RESULTS AND DISCUSSION

As shown in Tables 2,3 and 4, the surface area,
dry weight and volume by ezch organ of plant
body increase along with the plant growth. When
these measurements are reviewed in terms of
percentage by organ to the whole plant body,
the dry weight and surface area increases slightly
in root and stem while that of the leal area de-
creases slightly and a marked decrease in the dry
matter of leaf along with the plant growth, These
phenomena may be interpreted to bes resuited
by the accumulation of non-living substance in
root and stem as the plant grows. The function of

Table 2. Surface area of each orzan of the sample trees (cm?)

Yim—Growth of Surface Area Jsolated Young Trees

the unit surface area by each organ can not be-
concluded to be identical, and therefore com-
parison is difficult to be made with only the ab-
solute value of the area. However, assuming that
the shoot and root system maintain apparently

Table 4. Volume by each organ of the samyple trees (cc)-

Sample iree Stem Root Total
A 76.0 28.7 1047
B 145.1 45.7 190.8
C 263.1 133.2 401.3
D 691.5 251.7 943.2
E 1260.6 611.2 1871.8
F 1075.1 791.9 1867.0

Table 5. Distribution of surfsce area (Sa) znd dry
matter (Dw) in each organ per plant (%)

Sample trec Root Stem Leaf Total
A Sa 4 7 g9 100
Dw 17 42 41 100
B Sa 4 8 28 100
Dw 15 44 41 100
C Sa 5 7 88 100
Dw 20 . 40 40 100
D Sa 4 8 83 100
Dw 17 46 37 100
E Sa 4 38 88 100
Dw 23 43 34 100
F Sa 12 9 79 100
Dw 29 43 28 100

Sample tree Foct Stem Leaf Total Stemn & root Stem & leaf
A 392.9 6115 79032 8907.6 1004.4 25147
B 568.1 1134.1 11732.4 13434.6 1702.2 12866.5
C 1301.7 2184.5 26425.8 29912.0 3486.2 28610.3
D 1829.5 4417.5 47505.4 537524 6247.1 51922.9
E 3401.0 5009.5 52171.1 60581.6 8410.5 57180.6
F 6398.6 4410.0 40422.0 51230,7 11808.6 44332.0
Table 3. Dry matter amount of each organ of the sample trees (g)
Sample tree Root Stem Leaf Total Stem & Root Stem & leaf
A 16.5 39.1 38.6 94.2 55.6 77.7
B 29.7 86.9 80.5 197.1 116.6 167.4
C 77.4 151.4 146.1 3749 228.8 297.5
D 1297 348.6 281.0 759.3 478.3 629.6
E 292.9 538.9 427.8 12595 831.7 966.7
F 378.0 558.5 363.6 1299.1 936.5 921.1
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functional balance as in water economy of
plant body, the vitality per unit area may be
roughly evaluated from the ratio of arsa by each
organ,

There are some noticeable facts in the ratio of
surface area by each organ as described hereunder.

The ratio (Sa/Ra) of the stem surface area(Sa) to
root surface area (Ra) is within the range of 0.7-
2.4, No symmetrical ratio was observed due to
the fact that the root of less than 0.2mm in diameter
is excluded in the measurement of the root surface
area and the actual root surface of activity and
stem is not identical. Moreover, the ratio (Sa+La
JRa) of stem and leaf surface area (La: one side
only) to the root surface area in the best stage of
foliage is within the range of 7-22. This indicates
-4 great difference which may be explained as a
«dynamical difference of activity between roots,
-‘which absorb water in the soil, and shoot which
transpires as a.vapor.from water. .

The ratio of sum leaf area to the land area
-occupied by one isolated tree was considered on
the same basis as the leaf area index (LAI);
1.€., the leaf area index of isolated tree is expressed
in LAl and the stem surface area index of isolated
tree similar to the surface area index (SAI) is ex~
pressed in SATL Then the LATi and SAIi are within
the range of 2.34.0m2/m2 and 0.23-0.33m?2/m?,
respectively. The LATI and SATi show a decreasing
tendency along with the plant growing stage
especially it can be seen that the SAIi is within the
range of about 10-209% of 1.6-2.7m2/m?2 (Whit
taker, & Woodwell, 1967) or 1.5-2.8m2/m2(Yim,
et al.,, 1969) of the SAI reported at the level
of plant community.

It has been reported that the SAI is within 31—
539% range of the LAI, but the SAIi is within
8-11%, range of the LATi. This indicates that the
foliage is developed relatively because of favorable
light receiving condition of isolated tree. Reviewing
the fact that the SAIi/LATi becomes smaller than
the SAI/LAI, based on the pipe model theory
(Shinozaki, et al., 1964), specific pipe length can
be substituted for stem surface area in an identical
tree form, In addition, the decreasing tendency of

4
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either LAT or SAT along with the growth of isolated
trees even from the theory of leal area density
(Kira, et al., 1970). Therefore,
difference resulting from whether the uint pipe is
formed in bundle like a tree or separated as in the
plant community. 1t may be considered to be

it may be a

different in part from ihe change of specific pipe
length which is presumed to be attributable to
sparse density of tissues according to planting
density and growing stage in the herbaceous plant,
th'ckening growth of which is not apparent.

It is difficult to measure accurately the surface
arza of plant bady, and therefere various methods
have been employed (Ondok, 1968). However,
most of these methods need a lot of time and in-
volve technical difficulty. It seems to be possible
to cstimate the surface area with volume or dry
matter which is readily measurable for compar-
ison between the individual or community.
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