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ECO-PHYSIOLOGICAL STUDIES ON YOUNG SCOTS PINE STANDS:
II. DISTRIBUTION OF NEEDLE BIOMASS AND ITS APPLICATION
IN APPROXIMATING LIGHT CONDITIONS INSIDE THE CANOPY

SEPPO KELLOMAKI, PERTTI HARI, MARKKU KANNINEN and PIRKKO ILONEN

SELOSTE:

NEULASMASSAN JAKAUTUMINEN NUOREN MANNIKON LATVUKSESSA J4
TAMAN KAYTTO METSIKON SISAISTEN VALAISTUSOLOJEN ARVIONNISSA

Saapunut toimitukselle 1980-01-07

The technique of double normalizing, i.e. normalizing the relative needle biomass and the
length of the living crown system, is applied to the modelling of the distribution of needle biomass
in the canopy of young Scots pine (Pinus sylvestris L.) stands. The study based on the parameters
of B-function showed that at the individual-tree level, the variance in needle distribution was
not closely associated with any tree characteristics. A shift in the point of maximum needle
biomass upwards in suppressed trees was, however, evident. This was associated with an in-
crease in the height of the trees. At the stand level, the stand mean height and stand density had
an equal and a rather high potential for explaining the variance in the needle distribution. The
normalized crowns are utilized in models for determining light extinction in the crown. A special
technique for determining the amount of photosynthates available for growth in a particular
tree is presented.

INTRODUCTION

i.e. the amount of light received by foliage
and resulting rate of total photosynthesis
(cf. WERHAGEN el al. 1963). In forestry,
especially in tree spacing and thinning
problems, information concerning the amount
of photosynthetic products is valuable,
and there is a need to draw a distinction

The extinction of light in the canopy
system is determined by the vertical
distribution and optical properties of the
foliage (for example, Mons: & SAEkI 1953).
On the other hand, the prevailing illumina-
tion shapes the crown system of the stand
members by limiting the amount of photo-

synthates available for branching and growth
of the foliage and lateral shoots. Therefore
knowledge of the wvertical distribution of
the foliage is of importance in assessing
the survival potential of a stand member,

between the contribution of foliage biomass
and light conditions to the photosynthetic
capacity of a tree growing in a stand (cf.
LeEpic 1976).

This paper presents a model for the

243



distribution of needles in the canopy of
young Scots pine (Pinus sylvesiris L.)
stands. Emphasis is also given to the
study of tree-to-tree and stand-to-stand
variation in needle distribution. The re-

sulting models have been applied in assessing
the mutual shading of stand members
and the amount of total photosynthates
available for growth by means of calculations
based on stand structure.

MATERIAL

The material is the same utilized by
KevrLomMAkr and Harr (1980). It consists
of thirteen young Scots pine stands situated
near the Forest Field Station, University
of Helsinki (60°47'N, 24°18'E, 150 m
a.s.l.) The characteristics of these stands
and the monitoring of the environment,
sampling the study area and the whole-
tree analysis of the sample trees are de-
scribed in detail by KeLrLomAk1 and HARI
(1980). The following stand and sample
tree characteristics were utilized in the
present analysis: stand mean height, stand

mean density, height of sample tree, total
needle biomass of the sample tree, length of
living crown of the sample tree, position of
whorl within the living crown, and needle
biomass of whorl divided into needle age
classes.

In addition, photosynthetic light ratio
for each whorl as well as position coefficient
and photosynthetic capacity for each sample
tree were utilized in the analysis. These
concepts are described by ILoNEN ef al.
(1979) and Kerromiki and Harr (1980).

METHODS AND RESULTS
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in each needle age class is presented in Fig. 1.  One-year-old needles ....... 482 134
In addition the distribution of the total Two-year-old needles ....... .346 .182 Fig. 1. Distribution of needle biomass within the living crown: A: Current-

needle biomass is presented. Total needle biomass ...... 432 128 year needles, B: One-year-old needles, C: Two-year-old needles, D: Total

needle biomass.
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The location of the maximum of current-
year needles was just above the mid-point
of the living crown system. In the older
age classes the point of maximum needle
biomass moves downwards according to the
increasing age of the needles, as can be
expected due to the development of the
growing crown system. The maximum
point for the total needle biomass lies just
below the mid-point of the living crown
system.

Several alternatives are available for
describing the distribution of needle biomass.
For example, STEPHENS (1969) recommends
the application of the normal distribution
(cf. also KINErsoN and FRriTscHEN 1971).
The needle biomass is, however, charac-
terized by a skewed distribution rather
than a normal distribution. It appears
from Fig. 1 that the amount of needles
first increases slowly in the upper part of
the crown. However, after a particular
point is reached, the amount of needle
biomass increases rapidly and it culminates
somewhere near to the mid-point of the
crown, as described earlier. Thereafter the
needle biomass decreases rapidly towards
the area of self-pruning. This kind of
distribution is satisfactorily described by
p-distribution as expressed by the following
notation

1) 6 ®=(x—2a% (b—x)?,

where § (x) is the density of the needles
at height X, « and y parameters to be
estimated, and a and b constants. In a
normalized crown system the p-function is
forced through the bottom and top of the
crown system, i.e. a =0 and b = 1, when

(2 6 x)=x2 (1 —x)7.

In this formula the parametery determines
the location of the maximum value of the
function, i.e. the Ilocation of maximum
needle biomass within a normalized crown.
Respectively, parameter « determines the
turning point of the function, i.e. the
turning point of needle distribution above
the point of maximum needle biomass in
a normalized crown (cf. Fig. 1).

The minimum square sum techniques
yielded the following values for the para-
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meter a and y in each needle age class:
a y R2

Current-year needles 3.638 4458 .72
One-year-old needles 3.126  5.832 .77
Two-year-old needles 3.075 6.832 .83
Three-year-old needles 2.977 7.543 .85
Total needle biomass 2.703 3.831 .69

The curve fit for each needle age class is
satisfactory in every case as indicated by
the correlation coefficient between the
observed and calculated values of needle
distribution. The values of the proportion
of explained variance were between 0,69
and 0,83. The curve fit is more precise in
older needle age classes than in current-
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Fig. 2. Distribution of needle biomass per age
class based on f-distribution.

year needles. The normalized crown system
for each needle age class, as described by
the p-function is presented in Fig. 2.

Effect of tree characteristics on needle
distribution

The estimated values of parameters «
and y were explained by variables describing
the characteristics of the trees and stands
in order to relate the needle distribution to
the dynamics of the stand. The relative
needle biomass, relative position coefficient
and relative total photosynthesis were em-
ployed as explaining variables.

No regular relationships were found bet-
ween parameters « and y and different tree
characteristics. The correlation coefficients
for the different needle age classes varied
from near zero to almost 1,0 as regards the
relative tree height, relative needle biomass,
relative position coefficient, or relative
total photosynthesis depending on the par-
ticular stand. However, no explaining
variable gave the same results in each stand.
The tree-to-tree variation in the values of
parameters a and y was not related to the
properties of the whole stand, either, al-
though high or low correlation between
explaining variables and parameters « and
y occrurred in young stands as well as in

Table 1. Values of f-function parameters a and y (Eq. 2) for each stand and needle age class and the

percentage of explained variance.

Stand a | ¥ R? | a ¥ R?
number Current-year needles One-year-old needles
1 .329 2.067 407 275 2.260 468
2 .259 1.896 .565 251 1.971 .549
3 277 2.588 .552 154 2.764 .592
4 .269 2.563 .610 212 2.484 631
5 422 1.773 .582 .295 1.929 .606
6 337 1.759 .509 312 1.882 544
7 .265 3.211 .629 197 3.340 .622
8 232 2.997 .601 171 2.923 .580
9 .608 2.029 .641 R s 2.076 .601
10 .219 3.531 .665 221 3.629 .691
11 .592 2.725 .637 431 2.807 655
12 174 2.078 .639 .169 2.143 662
13 .259 2.131 .595 .285 2.159 .650
Two-year-old needles Three-year-old needles
1 241 3.235 .588 .235 1.270 .705
2 .266 2.258 .683 .248 2.779 .752
3 .140 4.312 .740 117 5.432 822
4 .239 3.355 744 .159 4.127 .792
5 .249 2.945 707 .254 3.749 782
6 .299 2.816 .668 .262 3.550 .746
7 .204 4.734 761 .396 5.602 754
8 .202 4.592 .748 .303 5.762 417
9 .322 3.326 .710 .352 4.419 784
10 .035 5.503 .864 .042 6.839 .831
11 .320 4.401 751 .262 5.497 .808
12 124 3.312 .800 .079 4.192 .863
13 .243 3.226 731 466 4.271 .836
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more developed stands. Thus, the position
of a tree in a stand or other tree charac-
teristic could not explain the tree-to-tree
variation in the distribution of needle
biomass.

Distribution of needle biomass inside
the canopy of a stand

Table 1 and 2 present the values of
parameters « and y for each stand and
needle age class. The explaining power of
the p-function seems to increase as the age
of the needle class increases. In the current-
year needles and one-year-old needles the
percentage of explained variance remains
under 70. In two-year-old and three-year-old
needles the average degree of determination
falls between 70—80 per cent of the total
variance. Especially in stands where the
mean height is near 10 m, the percentage of
explained variance is high. This may
indicate that in such stands conditions
for tree growth have been stabilized (cf.
KiNersoN and FriTscHEN 1971). The per-
centage of explained variance in the total
needle biomass is of the same magnitude as
in an individual needle age class (Table 2).

Table 3. Regression models for parameter y in each

Table 2. Values of B-function parameters a and
y (Eq. 2) for each stand and the respective per-
centage of explained variance.

Stand Parameters B8
number a Y
1 .281 .266 439
2 .220 1.847 .633
3 128 2.822 .610
4 177 2.373 .675
5 .236 1.962 .648
6 .290 1.894 .565
7 118 2.964 .681
8 164 2.982 .593
9 .309 2.094 .645
10 .070 3.679 .748
11 .252 2.823 .669
12 110 2.238 .693
13 124 2.213 .656

The standwise variance of parameters «
and y was related to the stand height and
stand density (Table 3). The variance in para-
meter e« was not very well correlated with
either variable. The stand height explained
less than 10 per cent of the observed variance.

needle age class based on stand mean height and

density.
Constant for .
Regression model whole Regrfes.swn R P
combination gosilicient
Current-year needles ......... 2.491 773 < 0.05
Height ..ocovvvniiininenannn.. —0.106
DENLY .ooicisiniionsvosoncess 0.000059
One-year-old needles .......... 2.636 .881 < 0.01
H@EIGRt .....cco0neisiriivoeness —0.113
DALY .oodecoivesitbatsonsss 0.000057
Two-year-old needles .......... 4.276 713 < 0.05
35 1. 1% 5 A SRS S —0.206
Dénsity. .....ccocivneiioinnnees 0.000067
Three-year-old needles ....... 5.426 .668 < 0.10
HORRE .o Bibdiiens —0.241
DEIBRY 5o viviiiviiisdhoneen 0.000069
Total needle biomass ......... 2.622 712 < 0.05
Height ....luw. cevidifoveees —0.101
DEMBIY .. sdiivsspctioreleesess 0.000048
248

0.6
0.5

04

0.3

0.2

Parameter ¢

01

0.6
0.5
04

0.3

Parameter

0.2

01

The explained variance remained also low
as regards the stand density, especially in
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Fig. 3. The dependence of the parameter @ on stand density, A: Current-year
needles, B: One-year-old needles, C: Two-year-old needles, D: Three-year-old need-

les.

the case of the current-year needles (Fig. 3).

In other needle age classes the explained

variance was 10—24 per cent and in the

total needle biomass 32 per cent. However,
the regressions between the stand density
and the parameter « were statistically shapes to a greater extent the
(p < 0,10) only for two-year- distribution as indicated by parameter a.

significant

@)

where x is the stand density.
evident that only a very high stand density

old needles and the total needle biomass as
given by

a= 2.616 — 0.000079 x, r = 0,564
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Therefore any value for parameter a of
between 2.700—3.600 should yield a satis-
factory result in estimating the needle
distribution in stands of mean height
between two and ten meter. Additional
studies are, however, needed to substantiate
the minor role of parameter a in describing
the needle biomass by the p-function.
The dependence of parameter y on the
stand height and stand density is presented
in Figs. 4 and 5. The regression between the
stand height and parameter y seems to be
a logaritmic one. The linear model gave,
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however, nearly the same degree of deter-
mination for the regression, i.e. 25—35 per
cent depending on the needle age class. The
curvilinear dependence of parameter y on
the stand height is interpreted as depicting
the stabilization of growth conditions as
stand development proceeds. In other
words, the growth and development of the
crown system follows the particular pattern
which is set by the prevailing environment.
Especially, the role of the prevailing light
conditions is evident but other environ-
mental factors, for example, water supply,
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Fig. 5. The dependence of the parameter 9 on stand density, A: Current-year needles,
B: One-year-old needles, C: Two-year-old needles, D: Three-year-old needles.

may also play an important role. The
percentage of explained varience for the
total needle biomass was 25 as given by

(4) y= 3111 — 0,110, r = 0,505

where x is the stand mean height. The
regressions for the different needle age
classes and the total needle biomass were all
statistically significant (p < 0,10).

The use of stand density in determining
the needle distribution through parameter
y gave Dbetter results than when stand
mean height was used (Fig. 5). It is worth

noting that the explanatory power of the
stand density decreased according to the
needle age, i.e. quite opposite to the effect
of the stand height on the values of para-
meter p. The degree of determination re-
mained, however, in each case lower than
40 per cent of the total variance in param-
eter y. Thus in the present material, the
effect of the stand density on the needle
distribution characteristics seems to be of
similar magnitude to that of the stand
height. The percentage of explained vari-
ance in the total needle biomass was of the
same magnitude as that in the individual
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needle age classes, i.e. 29 as determined by
equation (5)

(5) y= 2,008 — 0,000052 x, r = 0,538

where X is the stand density . The regressions
for the different needle age classes and the
whole needle biomass were statistically
significant (p < 0,10).

In the models based on the stand height
and density, these wvariables explain equal
parts of the variance in parameter y (Table
3, p. 248). The contribution of the stand
height and the stand density is of signi-
ficance (p < 0,10) in each needle age class
including the total needle biomas. The deg-
ree of determination of the two-variable mo-
del was 40 —60 per cent depending on the
needle age class. The degree of determina-
tion for the total needle biomass was 50
per cent.

Application of needle distribution for
approximation of light conditions within
the canopy.

Monst and SaAexr (1953) used Beer-
Lambert’s formula for describing the
light climate within the stand as follows

6) 1(t, x)=1, (t)ekL(x),

where 1, (t) is light intensity above the
canopy at the moment t, 1 (t, x) light
intensity in the canopy at a particular point
x at moment t, L (x) cumulative leaf area

above the point x, and k a coefficient
specific for each plant species. In applying
this formula for approximation of the light
conditions in different parts of the canopy
the cumulative leaf area plays a key role
and should be determined for the calcu-
lation.

In model construction the stem diameter
distribution of the stand has been used to
obtain the basic compartments of the
stand structure model (cf. Fig. 6): (1)
height of the trees, (2) needle biomass of
the trees and (3) length of the living crown.
The following equations were applied in
estimating the values of the model com-
partments:

(7) Height of tree = 3,831-1nDy 3, 1= 0,97

(8) Needle biomass = €035 . 1,3D, r= 0,94

(9) Length of crown = 2,321+ 1nDy 3, 1= 0,97

Tree height, crown length, and needle
biomass were used to estimate the needle
distribution within the crown. The needle
biomass, m; (x), above the point x and in
the age class i (i =1, 2, 3, 4) is now ob-
tained by integrating the p-function.

1
(10) m; () = M;- [ x* (1 —x) "lax,

X

where M; is the needle biomass of the i:th
age class in the stand.

The needle biomas m; (x) can be converted
into leaf area as needed in the equation (6).

Distribution of
tree height

Distribution of
diameter 1.3 m

Distribution of
length of living

needle biomass
within the crown

Location of

Crown
structure

N
/

above ground
level

crown

/N

needle biomass

needle biomass
R s : within the crown
Distribution of

Y

Amount of

Fig. 6. Principles of crown structure models.

252

However, we preferred to use the total
needle biomass instead of the leaf area. In
addition, light climate during a prolonged
period has proved to be more applicable
in growth studies than momentary values
of light intensity. Therefore the concept
of photosynthetic light ratio (PLR) was
employed in the model construction as
determined by the following equation:

tl
j p(l(x, t) dt

(11) PLR [x, t, t,]= z"
1

[ o) at

tl)

where p is the dependence of photosynthetic
rate on light intensity, 1 (x, t) light intensity
at a particular point x within the canopy
at moment t, 1, (t) the same but above
the canopy and t, and t,, the beginning
and end of a particular time interval
[te, ti] (cf. KerLrLomiAxkr 1977,). Photo-
synthetic light ratio is a measure of the
actual amount of photosynthates available
for growth related to the conditions above
the canopy.

The values of PLR in any point of a
crown system are determined by the cu-
mulative needle biomass above the point.
MAKELA (1979) has developed the following
model for the relationship between cu-
mulative needle biomass m (x) above a
chosen point x and the amount of light
available for growth during a growing
season.

Cc
(12) PLR [x, to t,]=

cumulative needle biomass, i.e. its upper
asymtote is the unshaded illumination and
lower asymtote a value of the shaded
illumination determined by the total needle
biomass above.

Fig. 7 presents the relationship between
PLR and the cumulative needle biomass.
Examples of light profiles based on the
developed models and expressed in terms
of PLR for some model stands are presented
in Fig. 8.

——— Stand 1
"-‘-lg.,\ Stand 2
< —— Stand 3

5885885
/

Photosynthetic light ratio (PLR)

°o 00
s 388
T

+— +— —+ —+
5 10 50100 500 1000 5000 9000
Needle biomass above, kg/ha

Fig. 7. Relationship between cumulative needle
biomass and photosynthetic light ratio (PLR) in
three selected stands.

+1—c,

1+ Exp (— 2 (1g m (x) —a) /b)

where t, and t,, respectively, indicate the
beginning and cessation of the growing
season and a =123, b= —1.2, and ¢ =
0.8. The needle biomass, m (x), above the
point x is given by

4
(13) m ()= > m; ).

i=1

In model construction it is assumed that
the light extinction is logistic as regards

Application of needle distribution for
approximation of the amount of photo-
synthates available for growth.

The concept of photosynthetic capacity
is frequently used in describing the amount
of photosynthates available for growth
in the whole tree (Lepic 1976). This
concept describes the total CO,-exchange
capacity per tree or whole stand, and is
determined by the size of the assimilative
surface and rate of photosynthesis. The
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Fig. 8. Light profiles in three selected stands.
Width of tree crowns equals to the biomass of the
needles.

following formula was suggested by KELLo-
MAKI and Harr (1980) for estimating the
values of the photosynthetic capacity. It
is based on needle biomass and the concept
of photosynthetic light ratio (PLR).

(14) PC[t, tg] =J 6 () - PLR [x, t, t,] 4V,
v

where 0 (x) is the needle density and PLR
the photosynthetic light ratio in a crown
layer. The elements needed in these cal-
culation can be obtained by the models
described above (see Equations 10, 12,
and 13). Thus no further information
apart from certain stand characteristics are
needed in estimating the photosynthetic
capacity of any tree growing in any partic-
ular stand.

CONCLUSIONS AND FURTHER ELABORATION

Analysis of the material showed that the
techniques of double normalizing may have
great potential in modelling the distribution
of the needle biomass in a canopy. How-
ever, the applicability of the presented
models are limited due to the restricted
nature of the material. Especially in open
or very dense stands, inaccurate approxi-
mations may be obtained. The material
consists of young Scots pine stands and
therefore further studies should be carried
out to test the applicability of the method
in older stands. In principle, the variation
in needle distribution in mature and stabi-
lized, even-aged stands should be smaller
than that in the type of young and fast-
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developing stands which consisted the
material of this study. There is also evidence
that the distribution of needle biomass in
such stands may be modified by stand
density thus producing a need for density
corrections (cf. KINERSON and FRITSCHEN
1971).

Even though the analysis of the material
gave statisfactory results, it was not possible
to explain the distribution characteristics of
the needle biomass in an individual tree
by means of the position of the tree in the
stand or the characteristics of the tree.
This indicates the poor fitness of the
p-function for describing the needle biomass
characteristics of an individual tree or the

low potential of the selected wvariables to
explain the distributional characteristics
of the needle biomass in an individual tree.
Earlier studies suggest, however, that the
light conditions inside the stand may have
a dominant role in determining the prop-
erties of the mneedle distribution. For
example, KEeLLoMAKI and Harr (1980)
have demonstrated that the relative needle
biomass in young Scots pine stands is
fairly well comparable with the total
photosynthesis for a prolonged period in
the same conditions. Thus, it is reasonable
to assume that the light climate also has
a role of importance in determining the
distribution of needle biomass (cf. also
ILONEN ef al. 1979). Further studies are,
however, needed to confirm this hypothesis.

The used light measuring system my also
have an effect on the results. Each hori-
zontal layer represents a large amount of
vertical variance which remains unspecified
when the present method is used. There-
fore there are problems in synchronizing
the needle density and the respective light
intensity. On the other hand, the mean
number for each layer omits the role of
variance between sun-flecks and shaded
areas in the growth and development of the
crown system. For example, MorGAN and
Smitan (1978) showed that in sun-flecks
the growth of lateral shoots may be much
greater than would have been expected
on the basis of the mean light intensity of
the layer. In addition to the light intensity,
the changes in photosynthesis also seem
to be induced by spectral changes in light.
Therefore exceptional care should be paid
to the monitoring of light inside the stand
when carrying out growth studies of the
crown system.

The relatinship between parameters a
and y and the characteristics of needle
biomass and tree position suggest that
there is a shift in the point of maximum
needle biomass upwards in suppressed trees.
There is, however, a pronouced variance
in this relationship which is independent
of the stand. The same phenomen is more
easily recongnized in stand-level -calcula-
tions where the negative regression between
stand height and parameter » and stand
density and parameter « are evident (Figs
3 and 4). The positive regression between

stand density and parameter y indicates the
same phenomen. The increasing stand
height and suppression seem, thus, to have
the same effect on the needle distribution
of young Scots pine. Evidently, both
phenomena are caused by the deteriorating
light conditions inside the canopy as regards
to the stand member’s position in the stand.
This interpretation is, however, not com-
pletely clear, since the contribution of the
stand density is unexpectedly small. A
possible explanation for this phenomen is
a low sun elevation in Finland even at
Midsummer which emphasizes the role of
stand depth in the extinction of light in
a stand. A possible explanation may also
be found in the limited material and its
specific properties.

As expected the current-year needles
were situated higher in the stand than
the older ones (Fig. 1). Whithin stand
heights of five to ten meter the distribution
characteristics of the current-year needles
were the same with only a small further
shift upwards. Also in the one-year-old
needles the levelling off of parameter y
between the height range five to ten meter
is evident. In two-year- and three-year-
old needles the levelling off is negligible
and a continuous shift in the point of
maximum needle biomass upwards is evident
throughout the whole range of the tree
height wvariance. Apparently this is asso-
ciated with increasing self-pruning induced
by increasing stand height and the decreased
amount of light available for photosynthesis.
Further studies are, however, needed to
test this hypothesis. On the other hand,
the turn-over time for Scots pine needles
is three to five years, which is clearly
associated with the linear regression between
stand height and the parameter y for two-
and three-year-old needles.

At the stand level, it seems to be possible
to estimate the needle distribution charac-
teristics satisfactorily through the g-function.
Especially, the values of parameter y are
closely associated with stand height and
density, and the values of parameter a
with the density of the stand, thus enabling
the modelling of the needle distribution
in a crown as part of the stand dynamics
(cf. KELLOMAKI ef al. 1979). The contribu-
tion of parameter a is, however, important
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only in very high densities. Therefore the
same values of this parameter seem to be
widely applicable in calculations. Further
studies are, however, needed to wvalidate
this assumption and to develop better
models for describing the crown dynamics
in a »pole-stage» stand. Especially the
direct relationship between the crown charac-
teristics and the prevailing light climate
within the stand would facilitate the
modelling of the stand dynamics in many
essential respects.

Normalized crown models facilitate the
determination of the light conditions in
any point of the crown system by means of
the relationship between light extinction

and needle biomass. In silviculture this
information can be applied in approximating
the total amount of photosynthates avail-
able for growth, and also used to evaluate
the survival potential of a particular tree
in an even-aged stand where pronounced
differentation in diameter and height be-
tween trees has occurred. This enables one
to use an eco-physiological approach to
thinning problems through the concept of
photosynthetic capacity. However, further
studies are needed to determine the rela-
tionship between photosynthetic capacity
and stand growth and structure in order

to evaluate its applicability in practical
forestry.
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SELOSTE:

NEULASMASSAN JAKAUTUMINEN NUOREN MANNIKON LATVUKSESSA JA
TAMAN KAYTTO METSIKON SISAISTEN VALAISTUSOLOJEN ARVIOINNISSA

Neulasten jakautumista nuoren minnikén lat-

eri latvuskerroksissa suhteessa neulasten maksimi-

vuksessa on tarkasteltu normalisoimalla sen m#iri madrasin ja sen sijaintiin latvuksessa. p-funktion
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parametreihin perustuva tarkastelu osoitti, etts
neulasmassan jakautuminen ei korreloinut selvisti
yhdenkddn tutkitun puun asemaa kuvaavan
tunnuksen kanssa. Neulasmassan maksimikohdan
havaittiin kuitenkin nousevan puun jouduttua
muiden varjostamaksi. Samoin oli laita puuston
pituuden ja tiheyden kasvaessa tai yksittdisen
puun varjostuksen lisiintyessi. Metsikkotasolla

puuston keskipituus ja tiheys osoittautuivat
molemmat téirkeiksi neulasmassan jakaantumisen
selittdjiksi. Normalisoituja latvuksia hyviksi kiyt-
tien on esiletty menetelmid latvuksen sisiisten
valaistusolojen méairittimiseksi. Latvuksen valais-
tusoloja ja neulasjakautumaa hyviksi kiyttien
on edelleen esitetty menetelmd yksittiisen puun
fotosynteesikapasiteetin mairittamiseksi.
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