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Studies on the production structure of forest (XVII)

Vertical change of specific leaf area in forest canopy™

Yoshiya TADAKT**

EMROEEBEICHET 3H%E XVID
HEATOEQHEROEENEL®

AR B @

Summary :

Canopies of six forest stands (Table 1) were investigated by the stratified
clip method and the specific leaf area in each stratum was decided.

As the specific

leaf area becomes larger as the leaf layer descends, the vertical distribution of leaf area
comes to be somewhat more swelling in the lower leaf layer than that of leaf weight

(Fig. 1).

: f=aFb%c
or log f=dF +log ¢/

The relation between the leaf area index F and the specific leaf area f under F
could be approximated by (Figs. 2, 3, Table 2)

(1)
(2)

Combining Eq. (2) with Eq. (3) of the BEER-LAMBERT’s formula, we have
log- f=—Fklog (I/Io)+log ¢’ (5)
where I/I, denotes the relative light intensity (Fig.- 4, Table 3). :
The constants ¢ and ¢/ ought to be the same as they represent the f- value in the up-

permost leaf layer or in the full daylight.

The fitness of the three formulae, Eq. (5) and

other worker’s Egs. (6) and (8) representing ‘f~I/I, relation, was examined agamst each

other (Table 4).
T B:

6 }k4y (Table 1) OHBEZ WL OHDBIST, FRENOE TOIED LERK

(r%/

¥, specific leaf area) &k, HEMIITRBITEARE AR50 T, EAROEESHIZEE
BOFNIVETTERS SALR LS (Fig. 1), WEE (f) 2 Fh XD J:km—wé%ﬁﬁ

% (F) BRI
f=aF’+c

BBV log f=dF +log ¢’

(1)
. (2)

TEPLTE % (Fig. 2, 3, Table 2), (2) & & BEER-LAMBERT T, (3) &) Z#HIHgbE5 &
log f=—Fklog (I/1,)+]1log ¢’ ) (5)

L, HEEEENEE (I/1) OBfR»MES5h5 (Fig. 4, Table 3), 22T, ¥k ¢, ¢/ 1%,

FEMCFA—0 0T, F=0 3k I/1,=1 (100%) or &0 f Off, Tibb, WERkk

BHOVIEBHERED : EOhEEEL T,

G) ABIC f & I/, oREEELThD 22

DR, (6), B) R) OWMAEICEL TET OIS Trbiic (Table 4),

‘Introduction -

Two methods have been developed for most
studies on the primary production of forest com-
munities. The one is to estimate the total canopy
photosynthesis by integrating the light dependent
photosynthetic rate of a single leaf along the light
profile through a canopy. The other is based on
the sum of biomass increment, loss due to death
and respiration, and consumption due to animal

grazing. :

To estimate the primary production and to discuss
the production sturcture of plant community by the
methods afore-mentioned, especially by the first one,
several characters of leaf in a canopy such as
specific leaf area, light transmissibility, photo-
synthetic and respiratory activities, etc. are the
important factors. It is natural that those characters
are not stable in all leaf layers, but varlable along
the canopy profile.

* Contributions from JIBP-PT No. 89. A part of this paper was read at the 15th Annual Meeting of Ecological

Society of Japan, 1968
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The vertical change of the specific leaf area in
several forest canopies is discussed in this paper
which, however, is far from perfect because of the
insufficient number of exemplification.

Material and method

The data used in this study were taken from six
forests as briefly explained as follows: '

Castanopsis stand: About 16-year-old second
growth forest composed of Castanopsis cuspidata,
situated at about 80m above the sea level on a
gentle slope of the Experimental Forest belonging
to the Kyushu Branch of Government Forest Ex-
periment Station, near Kumamoto City, Kyushu.
The mean height of dominant trees was about 9m.
The stand was fully closed, so the natural pruning
had been taking place up to 3~4m above the

ground on which few undergrowth vegetation could -

be found.” Six sample trees with various tree sizes
" were felled in December of 1967 for- the biomass
estimation.

Abies stand: A 23-year-old plantation of Abies
veitchii in the lower range of subalpine zone of Mt.
Fuji, Yamanashi Prefecture. Flat area, 1,530m
above the sea. .About 8m in mean tree height.
Since the canopy closure had been completed a few
years before the survey, the leaf biomass was at
the maximum, so the ground vegetation could not
be found. The biomass and productivity of this
forest surveyed in October of 1967 have been re-
ported by TADAKI ef al.V

Larix stand: A 39-year-old plantation of Larix
leptolepis belonging to Koiwai Farm, near Morioka
City, north-east part of Japan. Flat area on rela-
tively deep black soil, about 360m above the sea.
The mean height of Larix reached 19m and un-
broken leaf layer -of deciduous hardwood species
such as Morus bombycis, Stachyurus praecox, Prunus
grayana, etc. developed at 4~5m high. Ten sample
trees. of Larix were felled -in September of 1966.

RN

The biomass and productivity of this stand have
been described in detail by SATOO ef al.? Data
code: JPTF ’66 KOIWAIL

Fagus ‘N’ stand: A natural forest of Fagus
crenata aged about 100, developed at about 680 m
above the seéa on a steep slope down to a shallow

‘valley in the Ashiu Experimental Forest of Kyoto

University, about 40km north of Kyoto City. The
main canopy or the over story of the forest was
composed of Fagus crenata mixed with a few Car-
pinus spp., Acer spp. and other deciduous hardwoods
as tall as around 20m. The under story of several
deciduous trees developed at 2~3m high. All trees
in a quadrate of 10x 10 m? settled inside the sample
area of 20X30m?2 were felled in August of 1966 for
the biomass measurement.——Data code: JPTF 66
ASHIU. ‘

Fagus ‘P’ stand: A plantation of Fagus crenata
aged 50 or more years, about 580 m above the sea,
growing on a gentle slope of river terrace of Shinano
River, Niigata Prefecture. The mean height of
dominant trees reached 20m. The biomass and
productivity of this stand estimated from eight
sample trees in September of 1968 have been re-
ported by TADAKI et al.®

Betula stand: Second growth of Betula ermanii
aged about 30 in the subalpine zone of the national
forest managed by Nagano Regional Forest Office,
central Japan. About 1,800 m above the sea, NW
gentle slope. The over story, 10~11m high, was
composed of Betula and the dense under story of
conifers such as T'suga diversifolia and Abies veitchii
was found about 3~4 m above the ground. Eleven
sample trees of Betula were felled in August of 1969.

When the sample trees in each stand were in-
vestigated .by the method of stratified clip tech-
nique®, a small amount of leaves was sampled from
every one or two meters thick canopy stratum for
the leaf area determination.

The leaf area of sampled broad leaves, Castanopsis,

Table 1. Outline of the forests studied
St‘and ' fee II:%:%; ((rlxdg?x?tis-) %ﬁ"}_‘i‘ I\Iféegf 2221] stem b]j::lsss r:olt leaf g;z:i* inljeei:ig:g:**
yr m m cm no./ha m2/ha t/ha t/ha t/ha | t/ha ha/ha
C‘;ggr"g‘;fe’gﬁ broadeaf| c@- 16 8.9 9.1 | 4,125 | 28.4 63.1] 17.3 | 20.7 | 9.5 8.7 0.029
AZifrgreen conifer 23 | 85 131 | 2,00 | 293 | 45.0| 170 | 25.9 | 21.3 | 12.8 0.019
Lég’ggéuous conifer 3 | 19.4 211 | 1,185 | 36.0 | 1454 155 | 348 | 3.6 | 4.1 0.271
Fagus N @ broadeaf| c 100 | 128 | 188 | 18.7 800 | 314 | 136.1| 58.4 | (0.9 | 21 | 3.9 0.029
F‘ﬁi’é}‘dﬁus broad-leaf 50 13.9 19.9 | 11.6 2,829 39.9 202.2 | 39.5 | 49.9 4.9 7.8 0.023
Betula, s broadleaf| &30 | 85 | 109 | 55 | 680 | 197 | 505 143 | 188 | 26 | 4.2 1 o0

* presenting in oven dry unit. ** one side area of leaves

##% ot the height just below the canopy
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Fagus and Betula, was directly measured by the
dot-grid or dot counting method. - The needle leaves
of Larix were separated into verticillate leaves at-
tached to short branches and dispersed leaves at-
tached to long branches, and their forms were
photographically enlarged to enable to employ the
planimeter. Also, the needles of Abies were divided
into current needles and aged ones, and their leaf
area was determined by the dot-grid method applied
to the photographically enlarged leaf forms.

After the determination of area, leaf samples

were oven dried to obtain the specific leaf area or

the rate of leaf area per unit dry weight of leaf,
the value of which representing each stratum was
decided as the weighted mean value calculated from
the data of 2~5 sample trees. On the other hand,
the biomass in each of all stands was estimated as
shown in Table 1 by the method of allometry or
by the method based on the assumption that the
rate in biomass of the sum of sample trees to that
on the whole sample plot area was proportional to
the respective basal areas.

265

Results and discussion

Vertical distribution of leaf biomass and specific leaf

area

As the biomass in each forest was investigated
according to the stratified clip technique, the vertical
distribution of leaf area could be estimated from
that of leaf weight combined with that of spec1ﬁc
leaf area as illustrated in Fig. 1.

In all stands, the specific leaf area was the smal-
lest at the top layer of the canopy and became-:
larger with descending leaf layers. The relation of
specific leaf area to the height of leaf layer seems,
more or less, to be in inverse proportion, so the
vertical distribution of leaf area comes to be some-
what more swelling in the lower layer in comparison
with that of leaf weight.

Certain characteristic trends are apparent in the
profile of specific leaf area. Their values ranged
from 134 to 326cm? per g dry weight in Fagus ‘N’
stand, 98 to 489 in Fagus ‘P’, 116 to 234 (to 290
inside the leaf layer of undefgrowth) in Betula, 100
to 157 (to 183 inside the under story) in verticillate

castanops;s
L L 1 1

1100 200
'—l T T
13.1m

4f/ ha-m 0 Betula
1 1 L 1
| (o] 1
0 . 500
or T T T
'\
{ .
\ o
.
i \
L)
\
Larix Fagus ‘N’ Fagus P’
1 3 1 1 1 . 1 e 1 P |
| (o] I | | | 0 |
Fig. 1. Vertical distribution of leaf dry weight and leaf area of stand, with vertical variation of

specific leaf area (f, solid line) and relative light intensity (I/I,, dotted line) along the canopy

profile

Abis —closed circle (hatched area): current needle, open circle: aged needle,
Larix—closed circle (hatched area): verticillate leaf, open circle: dispersed leaf.
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leaf and 78 to 143 in dispersed leaf of Larix, 44 to
94 in current needle and 47 to 65 in aged needle
~of Abies, and 79 to 101 in Castanopsis.

In any stratum, the specific leaf area of verticil-
late leaf in Larix is larger in its rate than that of
dispersed one, and also that of current needle in
Abies larger than of aged one.

As far as these observations indicate, the vertical
variation in specific leaf area seems to beé more ob-
vious in deciduous species than in evergreen ones.
For instance, the rate in the lowest leaf layer of
Fagus ‘P’ stand is about five times larger than in
the uppermost 1ayer' of the same stand, while the
corresponding value in Castanopsis stand is only 1.3
times.

Relation between specific leaf area and leaf area

index

As the figure of speaﬁc Ieaf area used here re-
presents the rate for the stratum with one or two
meters depth, let us assume that the figure indi-
cates the rate in the leaf occurring at the center
horizon of that stratum. So the leaf area index
which affects a leaf representing the specific leaf
area in a certain stratum must be given as the sum
of total leaf area in upper strata and a half of leaf
area in that stratum. Thus, the relation of specific
leaf area in a certain horizon (f, cm? per g dry

f
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Fig. 2. Specific leaf area (f) under leaf area
index F, the relation of which is approximat-
ed by Eq. (1).

Notations: C: Castanopsis cuspidata, An and Ao: current
needle and aged needle of Abies veitchii, Lv and Ld:
verticillate leaf and dispersed leaf of Larix leptolepis,
FN: natural forest of Fagus crenata, FP: plantation of
Fagus crenata, B: Betula ermanii.

H bR ES

weight) to leaf area index above that horizon (F)
is illustrated in Fig. 2.

The observed correlation shown in Fig. 2 is fairly
well fitted by the formula,

f=aF%c (1)
where g, b and ¢ are constants which can be ap-
proximated by the figures as shown in Table 2.

Table 2. ~Values of constants in Eq. (1); f=aF?t+c
and- Eq (2) 1ogf—-dF+10g .

Stand a 4 ¢ d | ¢

. em?/g. cm?/g cm?/g

Castanopsis 5.0 0.75 78 0.010 81
Abies current 10.4 0.58 49 0.024 51
aged 3.9 1 0.58 48 0.011 49

Lariz verticillate 6.8 1.26 98 0.053 94
dispersed 6.8 1.26 78 0.063 76

Fagus ‘N’ 12.5 | 2.00 134 0.107 112
Fagus ‘P’ 3.2 | 2.24 102 0.093 85
Betula . 16.4 1.25 116 0.057 117

The increasing rate of f-value in the deciduous
species such as Fagus, Betula and Larix is accelerat-
ed while that in evergreen ones such as Castanopsis
and Abies decelerated by increasing of F as far as
this observation indicates. Namely, the constant &
of Eq. (1) in the former species is larger while that
in the latter smaller than 1.0.-
The f~F relation can also be approximated by
log f=dF +log ¢/ ' (2)
which expresses the proportional relation of log f
to F as illustrated in Fig. 3, where d and ¢’ are
constants whose values are determined as also
shown in Table 2. The d-value, representing the
inclination of the regression line in log f~F relation,
is from three to five times, sometimes ten times,

f
100 cr??io/cr_’—"o—‘.:’i,/o’p‘n
50 -5—_8’%£;:’——//’/°/—°—A°
- F f
L PR UURUNUR SOUR TR SHN SR SO Rusu s sz 79
o 5 10 26
3 —
KR °
/_B,o .!rf Lv

_.—o/“/./‘//rm Ld 100

Ao/’;/

L 1 1 1 1 ] 1 1

0 2 4 6

Fig. 3. Specific leaf area (f, logarithmic scale)
under leaf area index F, the relation of which
is approximated by Eg..(2). Notations are
indicated in the explanation of Fig. 2.
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larger in deciduous species than in evergreen ones.
“This trend may indicate that the specific leaf area
of deciduous species is more liable to be affected
by the amount of leaves occurring above.

Relation between specific leaf area and relative Zzght

intensity

Based on the fact that the specific leaf area at a
«certain horizon is affected by the leaf area extending
above that horizon, we can easily suppose a close
relation between the specific leaf area and the rela-
tive light intensity (/1) at a certain horizontal layer.
’ Already, we know the BEER-LAMBERT’s formula
is applicable to the attenuation of light through a
plant canopy,® )

I/Iy=exp(—KF)=eXF (3)

in which [, and ‘I denote the illumination on a
horizontal surface respectively above the canopy and
at a certain height inside the canopy under the leaf
area index F, and K is the light extinction coeffi-
«ient specific to the canopy concerned.

Combining Eq. (3) with Eq. (2), we can get

log f=— log (I/1o)+log ¢/ (4)

d
Kloge
Assuming the value of K is the same in all leaves
of the canopy concerned, replacing d/K loge with
constant %k, we have

log f=—klog (I/Is)+log ¢/ (5)

The correlation of logf to log (I/Iy) represented
by Eq. (5) in each stand is illustrated in Fig. 4 and
the values of K and % are shown in Table 3, in
which the attenuation of relative light intensity
through the canopy was calculated by Eq. (3) based
on the relative light intensity. at the height just
below the canopy and the vertical distribution of
leaf area, providing the light extinction coefficient
‘was unchangeable in all leaves of the canopy.

ARAKI5® has found the variation of the specific
leaf area in seedlings of Abies wveitchii and Larix
leptolepis under the artificially controlled light con-
ditions, and adopted the formula of BLACKMAN and
RUTTER? to the relation as

f=—Fklog <RITI)+C” (6)

in which RLI denotes the relative light intensity
expressed by per cent, and %/ and ¢// are constants.
He determined the values of # and ¢’/ as 57.4 and
247.9 in current needles of Abies v., while 139.7
and 362.5 in Larix [. respectively, when the dimen-
sion of f is cm? per g dry weight. Also he describ-
ed that the f~log(RLI) regression of Eq. (6) in
the case of Larix was realized on 1.0 per cent level
with 29.68 of the variance ratio in statistical
meaning.

However, our formula of Eqg. (5) is also realized

267
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Fig. 4. The relation between specific leaf area
(f, log-scale) and relative light intensity (//Io,
log-scale), which is expressed by Eq. (5).
Notations are indicated in the explanation of
Fig. 2.

Table 3. Values of light extinction coefficient
K and constant & in Eq. (5); log f=—Fklog (I /1)
+log ¢/, where k=d/Kloge.

Stand K k

Castanopsis ' 0.41 0.057
) current 0.180
Abies (aged 0-31 0.080
verticillate : 0.384

i 0.32
Lariz (dispersed , 0.450
Fagus ‘N’ 0.92 0.267
Fagus ‘P 0.48 0.444
Betula 0.57 0.231

by his same data on 1.0 per cent level with 30.88
variance ratio, so we cannot make a discrimination
between Egs. (5) and (6) so far as this case concerns.

But, if Eq. (6) is combined with Eq. (3), we have
F=R'F+c't—2K (7)
; k'=FkK log e, .
which indicates the proportional relation between f
and F. Nevertheless, we cannot find out this f~F
simple relation among the examples illustrated in
Fig. 2, although it is not impossible to apply this
to the examples in aged needle of Abies and some
of others. The light extinction coefficient K being,
indeed, given as the average value in the whole
canopy of the stand here, it needs to notice that K
may change according to F or may be given as a
function of F. This problem will be checked by
further studies.

On the other hand, KIRITA and Hozumi® have
approximated the relation of f to I/l in an ever-
green broad leaved forest as

where
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A
f=—+B, (8)

in which A and B are contants, and found the
value of A varied with season, while, that of B
was relatively stable.

The fitness of three linear correlations, expressed
by Eq. (5) on log f~log (I/1,), Eq. (6) on f~log(l/Iy)
and Eq. (8) on f~1/(I/f;), was examined to com-
pare the differences among their correlation coef-
ficients as shown in Table 4, which were calculated
on all cases of examples aforementioned. The
table shows that the correlations are fairly well
fitted by every formula in all cases, especially in
the correlations indicated by Egs. (5) and (6) with
a slight advantage for Eq. (5).

Table 4. Correlation coefficients in three cases
adopted by Egs. (5), (6) and (8)

Stand log f~log (I/Io)| Jf~log(I/Io) S~ 1)
. Eq. (5) Eq. (6) Eq. 8)
Castanopsis —0.949 —0.933 0.861
Abies COFTERE —0.942 —0.974 0.872
oS aged —0.923 ~0.958 _0.885
Lariz verticillate —0.983 —0.983 0.991
dispersed -0.977 —0.981 0.986
Fagus ‘N’ —0.990 —0.966 0.982
Fagus ‘P’ —0.991 —0.944 0.992
Betula —0.999 —0.990 0.969

Meaning of constants ¢ and ¢’

There are no differences in the sense of constants
both ¢ in Eq. (1) and ¢’ in Egs. (2) or (5), whose
values in a stand ought to be the same with each
other, because they indicate the f~values when F=0
or I/Ij=1. Namely, they represent the specific
leaf area in the uppermost leaf layer or in the full
daylight.

In the case of Eq. (6), since the relative light
intensity is given by the figure in per cent, the f-
value in the full daylight, RLI=100 per cent, can
be indicated as (¢//—2F). Also the corresponding
value in the case of Eq. (8) is (A+B) when I/,
=1

B

m
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