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Tree is a biological system. So studies of changes in it under external impact or under condition of the tree deterioration leads us 1o
the better understanding of the biological systems stability in general,

Tree stbility is here defined as the ability of the system to keep its normal functioning despite external disturbances. i.c. conver solar
energy into another forms. Foliage is of importance in such conversion system. It is both the product of tree functioning and the
reflection of tree energy. Stability has been defined as the stable ratio between the wood increment and the amount of fo[iugcj

With increasing defoliation of the crown, two stabile states have heen singled out: first, in the limits 0-35%: second, in the limits 60-
85%. The existence of such relatively stable states is based on the results of experiments, which have been carried out by the author or
his colleagues. The analogy with the Bohr's atom theory has been applied. Theory does not contradiet with-known theories of systems

stability and the general theory of stress.
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Introduction

Term “energy” has been used by many authors for the
explanation of different aspects of the separate organism or
ecosystem functioning (Lindeman 1942, Odum 1975, Hannon
[1979). Now it is clear that the stability of every organism and
abiotic structures is maintained by a certain level of energy.
Due to changes in the state of an organism this energy varies
similarly with known physical laws. The well-known postulate
of stationary states by N. Bohr (Bohr 1958) asserts that
clectrons of an atom revolve around the nucleus in stationary
orbits. The electron moving to the lower orbit emits a definite
quantity of cnergy. The orbits (the distances from the
nucleus) surrounding the nucleus are referred to as cnergy
levels, They arce determined by the energy of clectrons re-
volving around the nucleus.

At the beginning we will define the following important
concepts: tree “stability”™. “energy level or energy” of a tree.

The stability of a tree is a relative concept. By stability
we mean a property of a system to maintain normal function-
ing despite external disturbances. It does not, however. mean
that a tree remains a stable system in time and space.

The definition of “cnergy level or encrgy” is found to
be rather intricated. The physical energy is defined as an
index of motion of the matter or the ability of a system to
perform work. The “work™ of a tree is to convert energy from
one form to another. for example. solar energy to chemical
cnergy by photosynthesis.

Foliage in the conversion system of solar energy is of
extraordinary importance. At the same time. it 1s the product of

the tree “work™ and a major link in transforming inorganic into
the organic compounds ones including their storage and the
process of producing and accunulation of wood. In other words.
foliage is created for maintaining vital functions of a tree in the
process of growth. Apparently, the ratio of the created wood
mass (or the whole phytomass) to the mass of foliage can be
assessed as an ability to perform a work. The niass of [oliage can
be evaluated as an external expression of such ability.

Along with these properties of foliage. the ability to
reflect the influence of environmental factors comparatively
over a short period is worth to mentioning. Thus. by
assessing the total mass of foliage we characterize the
current state of a tree energy. On the other hand. data from
our experiments and from literature indicate that foliage is
the part of a tree, which is most sensitive to changes in
ecological conditions or to direct damage of the tree (Linde-
man 1942 Udovenko 1979, Kramer 1986, Ozolincius 1992).
Besides. in the protective system of a tree the mass of
foliage i1s of importance. 1t has been proved that a tree
affected by a stress at first “refuses™ its old parts (Udoven-
ko 1979. Ozolinc¢ius 1992). Conifcrs usually lose their old
ncedles. Different significance of various parts of a tree to
its functioning is testified by “stringent” succession in the
process of dying: needles and shoots are dying from the
lower part of a crown and the basal part of branches. and
the stem dies finally (Ozolinéius 1993),

The aim was to investigate and sum up regulartties of
relationship “stem increment-foliage™ changes under external
impact or under condition ol (ree deterioration and on that
basis (o look at tree as a system. which functioning depends
on known physical laws.
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Material and methods

The experiments carried out in the last decade enable us to
summarize the main particularities and regularities of tree growth
under different impact. The following items have been covered
by the investigations: (rec and crown growth changes caused
by physical environmental changes (intensity of solar radiation,
temperature regime etc.) as these occur during forest ecosystem
formation (Scots pine and Norway spruce plantation have been
established by different initial density — from 0.75 to 200.0
thousand trees per ha); crown growth under impact of decreased
solar radiation; morphological response of tree and its crown to
intensive thinning and decapitation of radial roots (Kairitiktis
1976: Kairitikstis 1985; Ozolincius 1992, 1993).

The data base of the national forest monitoring (grid 4x4
km) has been used (morc than 23.000 trees have been ana-
lvsed). On each permanent observation plot (POP) 24 sample
trees are selected to a statistically sound procedure. An
example is the 4-point cluster with 4 subplots oriented along
the main compass directions at a distance of 25 m from the
grid point (POP centre). On each subplot the 6 predominant.
dominant and co-dominant trees marest to the subplot centre
are sclected as sample trees (total 24 trees per POP).

Relative amount of foliage - defoliation - has been
estimated in 5% classes relative to a reference tree, i.e. tree
with full foliage. The reference tree was either a healthy tree
in the vicinity (of the same crown type), a photograph,
locally applicable. representing a trec with full foliage, or the
sample tree it self with imagined full foliage.

Crown defoliation was assessed by two trained observers
(using binoculars) from the distance of one tree lenght. Crown
defoliation of trees with full foliage was estimated as 0%, dead
trees - as 100% (Manual.... 1994). Tree stem perimecter or
diameter was measured at 1.3m above the ground (DBH) using
the measuring tape. Stem increment was calculated as a
diflerence between measurements in 1991 and in 1989.

Four Scots pine stands (forest tlype vaccinio-
myrtillosum) with stocking level 0.7-0.8 were sclected for
more detail crown structure and stem increment analysis. In
cach stand (ayr-from 17 to 100 years) five model trees with
the some stem perimeter and crown parameters (various tree
indices - height. DBH. crown size, etc - did not differ more
than 3%) were cutted down after visual crown defoliation
assessment and analysed (table 1). One model branch
(average size) per cach whole was cutted and following it’s
indices were determined: lenght, total mass. mass of needles
(current vear separately). man of shoots. needle lenght (30
needles per branch). etc.

In all above mentioned studies the well known bio-
metrical methods have been applied following (Molchanoy
1967. Utkin 1982).

The greatest attention was focused on the relation
between stem increment and relative foliage mass,

Results and discusions

During analysis of model trees data it was revealed strong
linuar correlation between visually assessed crown defoliation
and the real needle mass estimated after tree cuting down in
the range of defoliation from 0 to 90% (r = 0.89 - -0.91) (Table
1). So visually assessed defoliation reflects real foliage mass
(needle massy with high probability.

Tahle 1. Correlation coefficients between Scots pine needle mass and

defoliation

Stand age, vear Current year needle mass Total peedle

mass
17 -0.93+0.096 -0.83+0.139
40 -0.92:0.099 -0.86+0.116
63 -0.89:0.093 -0.96+0.035
100 -0.99+0.009 -0.9510.044

All stands -0.91+£0.038 -0.8940.047

We have calculated changes in stem perimeter of trees
grouped in 5% defoliation claseess using national forest
monitoring data base (Table 2). it is clear that stem perimeter
increment decreases with the defoliation (Fig. D).
but it was not found the linear relationship between crown

increase

I'able 2. Stem perimeter changes (1989-1991) at different levels of Scots pine

crown defohiation (2nd class according to Kraft, more than 60 year-old )

Upper part of crown Whole crown

Defoliation, number of XEmX number of XEMX.

% trees observed cm trees observed cn

0 2 1.20£0.35

5 21 2.67+0.59 4 2.00-0.71
1o 186 2.80+0.13 53 3.30-0.27
13 274 2.88+0.12 120 3.05:-0.16
20 203 2.46+0.13 32 3.06-0.41
25 137 2.33+0.19 196 2.84-0.13
30 73 2.19+0.24 147 2.70-0.16
33 22 2.23+0.45 92 2.85-0.19
40 12 0.91+0.81 04 1.97-0.17
45 1 1.00 20 1.25=0.58
54 11 2.07=0.99
55 | 1.00 3 0.33=0.27
fl 5 0.60+0.61 11 1.36-0.65
65-75 6 1 67+0.65 9 1.11=0.79

73 b 0.38+0.30 3 0.45-0.30
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Fig. L. Stem increment (perimeier) at different levels of crown defohiation
(pine, 2nd class according fo Krafi, age —~ 60-80 years. 765 trees analysed).

defoliation and stem increment at the limits of defoliation 0-
35%. The analogical reguliarities of (rec increment changes
oceur in the Norway spruce stands (Soderberg 1991: Petra$
1993). The model tree data show that relative radial increment
even decreases with increasing relative needle mass in the
limit of defoliation 0-10% (Fig. 2). The second limit, in which
is very difficult to reveal linear relationship between crown
defoliation and stem increment, is characterised by de-
foliation 60-85%.
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Fig. 2. Relationship between radial increment and needle mass (estimated
on felled trees) at diffcrent levels of crown defoliation (pine. 2nd class
according to Kraff, age 15-100 years).

We have grouped all model trees according to their crown
defoliation into 4 groups: defoliation 0-10% (corresponds
defoliation class 0; see Manual.... 1994). defoliation 11-25%
(defoliation class 1 — slightly defoliated). deloliation 26-60%
(deloliation class 2 — moderately defoliated) and 60-80%
(defoliation class 3 — severcly defoliated). It is well known that

various morphological indices of shoots and needles depend on
their position in the crown, i.¢. there is morphological correlation
within the crown. For example, shoot increment decreases from the
apical part of the crown to the basal one. Our investigation data
show that such kind of correlation is highest in the crowns with
defoliation 11-25% (Fig. 3). The lowest correlation was determined
in the crowns with defoliation 60-80%. For example, the correlation
coeflicient between needle length and relative crown height does
not exceed 0.08 (Fig. 3). It is interesting o mention that the same
correlation in the crowns of healthy looking trees (defoliation 0-
[0%) 1s lower that in the crowns ol slightly defoliated.
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Fig. 3. Relationship between needle lenght and relative crown height (1.0 —
top of the crown) at different levels of crown defoliation (pine, 2nd class
according to Kraft, age 15-100 years).

For the better explanation and imagination of tree stabil-
ity levels we have chosen the similarity with the N.Bohr's
atom model (Fig. 4).

The nucleus corresponds 1o a dead tree and the external
stationary orbit (we called it the first relatively stable state)
corresponds to undamaged. healthy tree. The difference in
“energy” (relative amount of foliage between the dead tree
and tree in the first stable state comprises 100%). 1t is ana-
logical to the energy of electrons, which decreascs by
approaching the lower orbit with respect to the nucleus.

[n the process of tree condition decline (with defoliation
increase from 0 to 100%) we have singled out two “station-
ary orbits”, which are called relatively stable states.

B 1996, vOL. 2, NO. | |  (5sN 1392-1355

12



BALTIC FORESTRY

B WO LEVELS OF TREE STABILTY I <. 7O LINCIUS [

| IMPACT |

e
First relatively stable state

/ First unstable state
t/

/_\

Unstable tre
before its death

Second relatively stable state

4 /

Secend unstable state

Ihe most

"efliciant” tree

/

Relative stem increment

"

Defoliation, %o

Fig. 4. A schematic figure of tree stability.

The first stable state s observed in the defoliation range
ol 0-353%. whilst the second one takes place when defoliation
changes from 60 to 85%. In these stable states. despite the
increased in energy losses (decreased of foliage), a tree
steadily performs its “work” for some time, i.e. the stem
increment conditionally does not decreasc. Transition from
the first to the second state is, by far, more rapid than “the
moving” within a relatively stable state. 1.e. decreasing of
stem increment suddenly accelerates.

The existence of such relatively stable and unstable
states is based on results of our experiments and published
papers. We would like to refer (o some of them below.

The changes in tree growth and crown structure have
been investigated during crown closure in experimental planta-
tions of Norway spruce and Scots pine planted by different
initial density (from 0.75 th to 200.0 thousand trees per ha).

Several phases of increment changes were determined
during forest ecosysticm formation. i.e. crown closure, First
phase was noted after the closure of the root systems (incre-
ment decreascs 5-10%). the second onc occurs during crown
closure or some time following it (increment increases [0-15%)
and the third one occurs afler crown closure and continues till

tree death or till the death of its neighbours. In the beginning of
third phase increment decreases 30-50% and remains more or
less stable tile the recovering (in case that neighbour dies) or
the death of a tree (Kairiukstis 1976, 1983, Ozolin¢ius, 1994).

We can single out two relatively stable states namely
the first state until crown closure; sccond state - after crown
closurc. when the trees arc growing in the stand and they
arc suppressed by each other. When the tree is “going”™ from
the first stable state to the sccond. it has a significant stem
increment loss (30-60%).

Increment changes during the forest ecosvstem formation
were explained as trec response to stress (stress theory). The
second state, for example, was explained as a phasc of adaptation.

Each stable state has three relative levels with typical mor-
phological structure of a tree and relationship between amount
of foliage and performed “work™ (stem. branch increment). For
example, the first level of the first stable state is charactlerized
by the highest “energy” amount of foliage. It is a so called
relatively stable tree which has larger mass of foliage as
compared to that necessary for normal functioning, which
means that a relatively greater part of the foliage “works™ for
the branch increment. Ratio between above ground volume
(stem and branches) increment and mass of foliage is higher
than the ratio between stem volume increment and mass of
foliage (Fig.5). Somctimes corrclation between
foliage and stem increment is negative (Fig. 2). The morpho-
logical correlation between different parts of a tree is weaker
than that of the second level of a stable trec.

the mass of

units

04 0o 08 b 2 1 f.a [

Foliage mass and productivity, refativ

Refative stem diameter (DBID
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Fig. 5. Relationship between foliage "productivity” and relative diameter
(birch stand, 12-year-old): 1 — foliage "productivity" as ratio of stem valnme
merement and mass of foliage;, 2 — foliage "productivity” as ratio of
aboveground valume increment and mass of foliage: 3 — mass of foliage
(abs. dry). Figure has been prepared using unpublished data with permission.
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Al the second level the ratio of wood increment to mass of
foliage is relatively balanced: foliage “productivity” and ratio of
stem volume increment and mass of foliage is less than at the
“limiting” level (third level), but remains still high: foliage
“productivity” as a ratio of stem volume increment and mass of
foliage is less than at the “limiting™ level (third level), but remains
stll high: foliage “productivity” as a ratio of aboveground volume
increment and mass of foliage is high and there is some foliage
reserve for producing wood of branches (Fig. 5). The morpho-
logical structure of tree is more simple than at the first level. The
morphological correlation is characterized as strong.

The third level s found to be a “limiting” one, the “work™ of
a tree is the most efficient. especially in respect to stem volume
increment (Fig. 5).

The first unstable stafe is characterized by one morpho-
logical level. Over a very short period of time by “losing”
additionally 30-353% of the foliage. the effective “work™ suddenly
decreases - the radial increment diminishes by 60-70%. A tree is
characterized by augmented “lability”. Although its increment
diminishes. the refafive values of “response” exceed these of
(recs being in a stable state. In unfavorable conditions, for
example. of meteorological origin the increment of a tree
decreases 1n particular.

The second relatively stable state 1s essentially similar to
the first onc but differs by the lower energy. “The lability” of
a tree diminishes at the first level of these state. Environmental
conditions must be considerably changed in an effort to return
a tree to the first relatively stable state. For example. in forestry
such cases are known when suppressed trees do not recover
after intensive thinning.

At the second level of the second stable state tree remains
stable in terms of the increment. Apparcently. duc to such
releasing of energy the increment docs not diminish, The third
level is a level of completely destroyed morphological homeo-
stasis (correlation between various morphological structury).
More detailed investigations are needed to prove foliage - wood
increment relations in these two levels.

The existence of the second unstable state 18 based on the
fact that with increasing defoliation approximately from 85 to
100% the increment of a tree does not decrease gradually up to
the infinitesimal. From a certain limit it suddenly falls to the zero
value and tree dies. As 1t is evident from the experimental results.
presented in our paper and published carlier (Ozolincius 1992.
1993). the described theory of tree stability is applicable not only
for tree as an organism. but for a separate its parts — branches —
as well (for example. experiments with shading of branches etc.).

Described two levels of tree “stability”™ do not contradict
the concepts of the biclogical system stability and homeostasis
and the general theory of stress (Sclye 1932 Odum 1975:
Udovenko 1979). They just show the same nature of pheno-
menon in micro and macro systems.

CONCLUSIONS

1. There is strong linear relation between visually assessed
crown defoliation and “real” foliage estimated after tree cuting
down (r=-0.89--091).

2. There was not found linear relationship between crown
defoliation and stemn increment. At the limits of defoliation 0-35%
and 60-85% radial increment remains without significant changes.

3. Two relatively stable states (first. in the limits of defoliation
0-35%: second - in the limits 60-85%) and two unstable states
(first. in the limits 35-60%; second - 85-100%) have been singled
out and characferised by 1-3 morphological levels.
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