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Through long-tcrm monitoring on permancnt plots, the conscquences of influence of average and weak intensity
surfacc fires on the statc of pinc trces.in mossy pinc forcsts were studicd. The size of their radial increment and
dcfoliation, and the dependence between these paramcters desceribe the state and productivity of trees after the influence
of a firc was determined. ’

The reaction of stands on surfacc fircs of various intensitics is shown in an increasc of defoliation and number of
damaged trees, detcrioration of vital state of stands, and a decrcase in the increment. Damage of stands by firc brings to
death a part of trces, thc amount of which depends on the intensity of a fire. The maximum of accumulation of dcad wood
in pinc forests, which were damaged by surface fircs, is observed in first two post-firc years. In the future, this process is
slowed down. The gencral improvement of the statc of stands in the form of a decrcasc in the degree of defoliation,
rcestablishment of the number of undamaged treces and a decrease in the number of damaged trecs, an incrcase in the

indexcs of vital statc of stands is obscrved in 5 ycars after a fire of average intensity and in 2 ycars — weak intensity.

Statistically significant ncgative corrclation between pinc increment in diameter and dcfoliation is marked on plots
damagcd by surfacc fircs. Regression dependence of absolute values of increment in diameter on the crown defoliation of
current and last ycars was rcvcaled on plots after a surface fire of average intensity.

Keywords: pinc forcsts, surface firc, intensity of fire, statc of stand, increment in diamcter, defoliation of trec

Introduction

Independing of its origin, the fire is a serious nat-
ural disaster that causes damage or destruction of for-
est phytocenosis. Many studies were dedicated to the
evaluation of consequences of fire on forest phyto-
coenoses (Sannikov & Sannikova 1984, Richter 1996,
Sharay 1999, Hmelevsky 1999, et al.). The emphasis
is usually placed on the influence of fire on the com-
ponents of forest biogeocoenosis. Both direct and in-
direct influence of fire is examined. Stands, under-
growth and underwood, ground vegetation, floor cov-
ering, micro- and macrofauna are destroyed or dam-
aged with direct impact. Indirect influence becomes
apparent in the change of species composition of the
flora and fauna, appearance of fallen trees, entomo-
and phytopests, activation of erosive processes etc.
(Richter 1996). Much attention is given to the issues
of post-fire mortality and its forecasting (Demakov et
al. 1982, Usenia et al. 2000).

On the other hand, fires were — and still are — an
ecological factor that determines the structure and
dynamics of forest cover. Fires affect not only quali-
tative and quantitative characteristics of stands and
other components of natural complexes, but also their

condition as a whole: soil and microclimatic condi-
tions, hydrological regime, stability of communities to
repeated fires, illnesses and pests. At that the sum of
correlated and interconnected post-fire phenomena
results in a change of ecological modes of natural
complexes, a change of types and age generations, and
as a whole causes specificity and an orientation of
post-fire forest renewal process, which become pyro-
genic-determined (Esseen et al. 1997, Gromtsev 2002,
Ryan 2002, et al). According to the results obtained
by S.S.Ziabchenko (Ziabchenko 1984), A.D.Volkov,
A N.Gromtsev and V.I.Sakovts (Volkov ef al. 1997),
A.V.Sudnik (Sudnik 2001, 2002) et al., the pyrogenic
factor plays a special role in the formatjon process of
climax pine phytocoenoses. In Byelorusssia, pine re-
tains vitality after surface fires since 50 years up to
natural destruction of stands (Richter 1996). At the
same time, some aspects of the state and growth of
stands in the first years after damage by surface fires
are investigated insufficiently.

The influence of surface fires on stands shows
through appearance of fire traumas and associated
weakening, damage of entomo- and phytopests and
further decline of a part of trees. The kind and degree
of fire damages to pine trees are determined by the
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character and force of a fire. At quick surface fires of
weak intensity the influence of fire on trees 1s limited
only to superficial burning of a bark. With more in-
tense fires, dying off of cambium and appearance of
fire predryings on stems are observed. Dying off of
cambium on the whole circle of a stem or roots results
in fast decline of tree (Richter 1996).

The following tasks were tackled in the present
research: study of the consequences of influence of
average and weak intensity surface fires on the state
of pine trees in mossy pine forests based on size of
their radial increment and defoliation; determination of
dependence between these parameters describing the
state and productivity of trees after the influence of a
fire. The choice of parameters selected for an estima-
tion of tree state was determined by their integrated
character and wide use in forest monitoring, includ-
ing the territories damaged by fire.

Materials and methods

Mossy pine forests (Pinetum pleurozoisum) in the
Berezinsky State Biosphere Reserve (permanent plots
(PP) 206 and 207) and in Polotsk forest enterprise (PP
316) were the objects of the research. PP 207 was dam-
aged by a surface fire of average intensity and PP 316
was damaged by a surface fire of weak intensity in
1992. Intensity of the fires was determined by the
height of fire trace on trees. PP 206 was used as the
control. Forestry-stand characteristic of stands is given
in Table 1.

All trees on PP were distributed in classes of
growth (Kraft classification): I — predominant trees with
mightily developed crowns and large on height and
diameter stems; II — dominant trees with relatively well
developed crowns; III — codominant trees with poor-
ly developed crowns with attributes of oppression; IV
— oppressed trees, the crowns of which are com-
pressed, but the tops of crowns are included into the
general canopy; V — oppressed trees with crowns en-
tirely below the general canopy or dead trees (Merkul
et al 2001).
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The percentage of defoliation (the whole crown
and top third of crown) in comparison with a model
tree that has full foliage (Muller & Stierlin 1990, Ozolin-
cius 1996) and annual diameter increment were cho-
sen as indicators of the state of trees. Visual evalua-
tion of defoliation of I-11I Kraft class tree crowns on
PP has been carried out annually since 1990. All trees
of I-11I Kraft classes have been distributed into class-
es of damages based on the degree of defoliation: 0
(undamaged) — defoliation 0-10%; 1 (slightly damaged)
~ 11-25%; 2 (moderately damaged) — 26-60%; 3 (se-
verely damaged) — 61-99%; 4 (dead trees) — 100%.

Stands on PP were distributed into categories of
the vital state. The procedure for calculation of indexes
of state (IS) of forest stands and V.A.Alekseeva’s
modified scale (Forest ecosystems... 1990), adapted with
reference to the method of evaluation of defoliation,
were used in distribution of stands into categories of
the state. Stands with IS 0.90 and above are healthy,
0.80-0.89 — healthy with attributes of weakening; 0.70-
0.79 — weakened; 0.50-0.69 — damaged; 0.20-0.49 — se-
verely damaged, less than 0.20 — destroyed. The in-
dex of the state of stands (IS) was calculated by the
following formula:

IS=1-(Df *P *+Df,*P? +... +Df_*P_ 24+Df *P ?)/
(100*(P 2+... +P_ “+P 2)),

where Df;is defoliation of i tree,%; P, is perimeter of i
tree at the height of 1.3 m.

For determination of size of the annual increment
on objects of research, the cores were selected by
increment bores in pine trees of I-I1II Kraft classes at
height 1.3 m (diameter at breast height). A total of 65
trees were measured on PP 207, 316 and 30 — on the
control plot. Variability of the radial increment was
estimated for the 20-year-period (1981-2000). The
length of term of evaluation was chosen so as to car-
ry out relative measurements of increment for the 10-
year-period prior to and following a fire. The indexing
of absolute values of defoliation and increment was
carried out for evening the differences caused by the

Table 1. Forestry-stand charac-

ole ) Number Average Site Sumof | Stocking | .,
teristic of pine forests on perma- PP |Composition| oftrees | 5% [Tigight, | diameter, | in- | sectional | level | "OlUT< |
nent plots per Lha | YT m cm dex | areas, m¥ha | densityy | ™™
n Pre-fire
206 | 100% Pine | 1158 88 17.7 16.0 11 24 [ 07 202 |
207 | 100% Pine | 714 95 25.6 24.2 11 327 1.0 379
316 100% Pine 819 12 17.6 20.3 11 26.5 0.8 253 |
- 8 years after fire [
C a2, Pi >
206 2)2:;;11;:1: 792 103 | 208 19.9 m | 30.91 0.9 339 _‘
207 | 100% Pine | 473 110 28.8 26.9 1l 3413 | 09 | 485
316 | 100% Pine | 524 84 21.9 22.5 11 26.47 0.8 298

2003, Vol. 9,No. 1 (16) I 15SN 1392-1355

95



BALTIC FORESTRY

INFLUENCE OF SURFACE FIRES ON STATE OF STANDS IN /.../ PINE FORESTS NS ~. SUONKK ET AL [

conditions of the growth and age of trees. Relative
values of increment (indices () of increment) were
obtained by division of the annual increment to aver-
age increment for 20-year period of evaluation:

20
1=Zd; / (Y, Zd, /20),
i=1

where Zd, refers to the tree increment in diameter, mm.

Statistics of distribution series (descriptive sta-
tistics), correlation and regression analysis were per-
formed using of Microsoft Excel and statistical pack-
age Statistica.

Results

It is necessary to know weather-climatic condi-
tions of vegetative seasons while analysing the ob-
tained data on the dynamics of the state of stands
(Ozolincius & Stakenas 1996). It s essential to note
that droughty phenomena were observed in vegeta-
tion seasons almost in all years of observation (only
1998 was an exception). Summer droughts in 1992,
1994, 1996, 1997 years, which are characterized by
maximal duration of vegetative seasons without sig-
nificant precipitations, are most expressed. And only
in 1998, the amount of precipitation was significant
during the vegetative period. Most cool seasons of
vegetation appeared in 1993 (average air temperature
was 13.4 °C) and in 2000 (13.8 °C), the warmest — in
1992 (15.5 °C) and 1999 (16.1°C).

The dynamics of defoliation of tree crown on plots
after surface fires differs from that in the control (Fig.
). A general tendency of improvement of a tree state,
evidenced in a decrease in defoliation, was observed
on the control plot. In the stand damaged by surface
fire of average intensity defoliation grew, having
reached a maximum in 1997 (average defoliation of top
third of crown — 43%, the whole crown —38%). In the
stand damaged by fire of weak intensity defoliation
also grew, having reached 2 maximum in 1994 (aver-
age defoliation of top third of crown — 27%, the whole
crown — 25%). The increase in defoliation is attribut-
ed to the reaction of trees on damage by fire. The per-
centage of defoliation has begun to fall within the 2
years after a fire of weak intensity and within 5 years
after a fire of average intensity. This indicates that
stands have overcome the negative impact of a fire,
and the general tendency to improve their state was
planned.

The difference in defoliation of top third and the
whole crown on the control plot is insignificant. On
post-fire plots top third of crown appeared to react
stronger to damage by fire (Fig. 1). The difference
between defoliation of top third and the whole crown

after 1992 (fire year) started increasing on plots after
fires. The greatest difference in absolute values of de-
foliation of top third and the whole crown was marked
in 5 years after a surface fire of weak intensity (12.9%)
and in 7 years — after a fire of average intensity (17.9%).
This difference is insignificant already after 7 years
following a fire of weak intensity, and after a fire of
average intensity even in 10 years it exceeded 10%.

The degree of damage to stands by surface fires
depends on their intensity. The stand on plots after
surface fire of average intensity in the period 1994-
1999 was characterized as damaged (Fig. 1). The small-
est coefficients of IS are marked in the fifth year after
a fire, viz. 0.55 (was calculated for defoliation of top
third of crown) and 0.61 (for defoliation of the whole
crown). Since 1997, IS begins to grow. It means, that
the stand has overcome negative influence of a fire,
and its state began to be improved. Already by 2000,
this stand has returned in category of weakened stand.
On the plot after surface fire of weak intensity only
for period 1994-1997, stand was characterized as weak-
ened. On the control plot during all periods of research,
the stand was characterized as healthy with attributes
of weakening. IS on control has dropped to 0.75 (weak-
ened) only in 1992 with extremely droughty vegetative
season.

On the plot after a fire of average intensity till
1997, the number of undamaged and slightly damaged
trees has decreased (33.3% and on 34.7%, respective-
ly), and that of moderately damaged trees has in-
creased {62.2%) (Fig. 2). In 1997, all trees were dam-
aged to a greater or lesser extent. The greatest number
of severely damaged trees (with defoliation more than
60%) was marked in the fire year — 8.9% and during
five-year period following fire — 5.9%. After 1997, ten-
dency on improvement of the state of trees was shown
in an increase in the amount of undamaged and slightly
damaged trees (15.2% and 33.9%, respectively) and in
a decrease in the number of severe by damaged trees.

The fire of weak intensity did not exert essential
influence on distribution of trees according to class-
es of damages. Some decrease (6.8%) in the amount
of undamaged trees and an increase in the amount of
moderately damaged trees are marked only in the sec-
ond year after a fire. As a whole for the period of re-
search the tendency similar to the contro! plot is ob-
served. It is shown in an increase in the number of
undamaged trees and in a decrease in the number of
slightly and moderately damaged trees.

Damage of stands by fire brings to death a part
of trees. The percentage of post-fire mortality in stands
depends on the intensity of a fire. The greatest number
of dead trees was in the first 2 years (Table 2) on plots
after surface fires, and in the future this process is
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Figure 1. The dy-
namics of average
defoliation Df of
trees (A, B, C)and 0.7
indexes of state IS
(D, E, F) on plots ™
after surface fires (s
of average (A, D)
and weak (B, E)
intensity and the
control (C, F)

0.8

Figure 2. The dy- y
namics of  theioo’
number of trees
(%) with various
defoliation of third
of crown (A, B, C)
and the whole
crown (D, E, F) on
plots after surface
fires of average (A.
D) and weak (B, E)
intensity and on
the control (C, F)
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similar results were obtained by

V.V.Usenia and V.S.Churilo (Usenia & Churilo 2001),
who had indicated that maximal post-fire accumulation
of dead wood after surface fires both strong and weak
intensity is observed in the first 2 years after a fire.

The number of trees of various Kraft classes,
which have died after fires, depends on the position

polynomial smoothing (defoliation of top third of crown);

M 26609,

~
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— — defoliation ot the whole crown
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— polynomial smeothing (defoliation of the whole crown)
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of a tree in the community. The greatest amount of dead
wood for the period of research is among oppressed
trees of V Kraft class (100% after a fire of average
intensity and 73.7% — weak). Mortality of oppressed
trees is not always explained by the influence of fire,
as fire only accelerates their death. Only as a first
approximation, mortality of IV-V Kraft class trees can
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Table 2. The dynamics of mortality of -
various Kraft class trees on plots after class
surface fires of average and weak inten- i
sity and on control plots

1990

ii In 7
| total 1.1

[
I
[T

0%

14 |

V -
15.8

In 19
total 24

11
IV

V

In
total

be related to post-fire mortality. In particular, on the
control plot and without a fire for 10 years 53% of V
class trees have dropped out. Partly accelerated death
of IV-V Kraft class trees is attributed to their relative-
ly thinner bark in comparison with thicker prevailing
pines.

The least number of dead wood is marked among
I-II Kraft class trees prevailing in canopy. In the peri-
od of research only | tree of | Kraft class died after a
fire of weak intensity. The number of dead trees of I1
Kraft class, after a fire of average and weak intensity,
has made up 6.8 and 5.4% from total number of trees
on PP, respectively, or 13.2 and 12.9% from the number
of 11 Kraft class trees. On the control plot, dead wood
among trees of I-II Kraft classes was not revealed: the
trees most oppressed in growth (IV-V Kraft classes),
due to which, basically, natural mortality descends in
healthy stands, perished.

Upper mortality, for the account of decline of I-
IIT Kraft class trees, is ceased only in 7 years after a
fire of weak intensity. After surface fire of average
intensity upper mortality of trees was marked even in
200t. According to the results obtained by
A.F.Agafonov (Agafonov 1989) upper mortality of trees
after a surface fire is observed during 8-10 years.
However, it is caused not so much by damage by fire,
as invading of weakened trees by stem pests (big and

Number of dead trees of various Kraft classes on years
on | ha /% from number of trees of Kraft class
1991 | 1992 | 1993 | 1994 | 1995 [ 1996 | 1997 | 1998 | 1999 | 2000 | 2001 Total
On plot after fire of average intensity
= 3 - 13 m)
22 | 44 2.2 1.4 | | 132 |
13 7 13 7 40
10.5 5.3 10.5 | | 53 31.6
7 7 7 7 28
8.3 8.3 8.3 8.3 33.2
7 28
250 | 25.0 | 25.0 100.0
7 2z7]22]20 |14 |20 7 | 136
1.1 1.1 4.5 4.5 34 2.2 34 1.1 224
On plot after fire of weak intensity B
5 5
1.5 4.5
14 | 5 10 | 10 [ s 44
4.3 1.4 2.9 29 1.4 12.9
24 5 10 44
16.7 3.3 6 30.0
5 14 | 19 ] 43
1.3 | 13.0 | 174 | 39.1
14 | 24 10 | 5 67
158 | 263 | 10.5 53 | 73.7
[ 296202 [10]10] 5 203
24 36 | 7.8 3.6 24 1.2 12 0.6 25.2
On control plot
| 17 17
| 10.0 10.0
| 8 8 8 8 32
5.0 5.0 5.0 5.0 20.0
1 8 17 17 8 67
1 6 13 133 6.7 53.3
17 |8 | 17 23 5 [ 8 | 16 116
1.9 0.9 1.9 | 2.8 2.8 0.9 1.8 13.0

small pine bast beetle (Tomicus (Blastophagus)
piniperda L. and T. minor Hart.), top bark beetle Ips
acuminatus Gyll. et al.) and lesion by fungal diseas-
es (resin cancer Peridermium pini Lev. et Kleb., zo-
nated tinder fungus Fomitopsis pinicola Karst et al.).

According to the results obtained by 1.E.Richter
(Richter 1996), as a result of direct or indirect influ-
ence of surface fires in stands, which have kept vital-
ity, changes of tree increment, which is shown in:
1) an increase or a decrease in the increment result-
ing fire wounds, fire swamping, changes in the phys-
ical and chemical properties of the soil; 2) building of
soil-light stimulation of increment under the influence
of post-fire mortality; 3) a decrease in the increment
under the influence of entomo- and phytopests etc.
are observed. The dynamics of absolute and relative
values of the annual increment in diameter of I-11 Kraft
class pine trees on the objects of research for 20 years
is given in Figure 3.

A decrease in the tree increment in diameter be-
gins after damage caused by fire (Fig. 3A). The de-
gree of a decrease in the increment is determined by
the intensity of fire influence. In stands damaged by
a fire of average intensity the difference in absolute
values of the increment for the S-year period after a
fire (1995-1999) in comparison with pre-fire period
(1987-1991) comprised 66.5%. In comparison with the
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CIrelation of increment on CSP207 to increment on control;
CJrelation of increment on CSP316 to increment on control;
- — -CSP 207 (damage by low fire of the average intensity),

- -® - (8P 316 (damage by low fire of weak intensity)

— ('SP 206 (controtl);

Figure 3. The dynamics of pine increment Zd (A) and in-
dexes of increment It (B) in diameter of I-1I Kraft class trees
on plots after surface fires of the average (CSP 270), weak
(CSP 316) intensity and on the control (CSP 206)

S T Zd. mm A 50 7 Zd, mm B

4,0 T

\ / \
/\\V \ 1

control plot, the difference in average attitudes of the
increment in diameter for the same periods before and
after a fire made up 50.1%. The surface fire of weak
intensity exerted smaller influence on the increment.
The difference in absolute values of the increment for
the same periods before and after surface fire of weak
intensity constituted 46.7% in comparison with the con-
trol ~ 18.7%.

The analysis of changes in relative values of the
increment (Fig. 3B) shows that I on plots, which had
been exposed to pyrogenic influence, also began to
decrease after a fire. The difference of I on plot after
a surface fire of average intensity on average for 5-
year period (1995-1999) has decreased 65.9% as com-
pared with a pre-fire period (1987-1991). In compari-
son with the control plot the difference in the values
of 1 for the same periods before and after a fire has
constituted 50.7%. After a surface fire of weak inten-
sity the difference in relative values of the increment
for the same periods before and after a fire has made
up 45.2% in comparison with the control plot — 18.9%.

The dynamics of the increment of various Kraft
class trees has essential differences (Fig. 4). On all
plots the greatest values of the increment in diameter
are marked on trees of | Kraft class, the smallest val-
ues are typical of trees of 11l Kraft class. A fire has
affected the increment of [ and II Kraft class trees most
considerably. On the plot after a surface fire of aver-
age intensity, the average annual increment for the
period 1995-1999 in comparison with the pre-fire incre-
ment for the period 1987-1991 for trees of I Kraft class

3,5 7 Zd, nm C

14 1 ! Figure 4. The dynamics of

12 + A\ /AN increment Zd (A,B,C) and in-
y dexes of increment [t (D, E,

0.8 < Vi - F) in diameter of pine trees
of various Kraft classes on
plots after surface fires of

<t average (A, D) and weak (B,
E) intensity and on the con-
trol (C, F)

)89
991
)
)
)
1999
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has decreased 67.6% (3.1 times); for II Kraft class—
66.0% (2.9 times); for III Kraft class — 46.1% (1.9 times).
On the plot after a surface fire of weak intensity for
the same periods of research for trees of | Kraft class
the increment has decreased 56.7% (2.3 times), for I
Kraft class— 43.5% (1.8 times), for 111 Kraft class — has
even increased 6.3% (1.1 times). The increase in the
increment of trees of 111 Kraft class descends, appar-
ently, due to a decrease in the competition for light
and due to other reasons owing to decline of a part
of prevailing trees in stand canopy.

Trees of different diameter also react to a fire dif-
ferently (Fig. 5). After a surface fire of average inten-
sity the regression dependence of the average annual
increment for S-year period prior to a fire (1987-1991)
and after a fire (1995-1999) on the diameter of tree is
described by a parabolic curve of the 2-order with high
coefficient of determination (r>=0.93 (prior to fire) and
r’=0.69 (after fire)). The coefficient of the correlation
between the increment for the period 1987-1991 (prior
to fire) and diameter of tree ts equal 0.56. After a fire,
the correlation coefficient has decreased to 0.17 (be-
tween increment for period of 1995-1999 and diameter
of tree). On a plot after a fire of weak intensity the
coefficients of the correlation between the diameter of
tree and increment for the same period before and af-
ter a fire are 0.32 and 0.08, respectively. On the con-
trol plot, the correlation coefficients for the same pe-
riods are 0.30 and 0.29, respectively.

Thus, the influence of a pyrogenic factor on pine
stands practically destroys the dependence “size of

Zilmm

Figure 5. Dependence of the average annual increment of a
pine from diameter of trees on plot after surface fire of av-
erage intensity for the 5-year periods prior to a fire (1987-
1991) and after a fire (1995-1999)

2003, Vol. 9, No. 1 (16)
100

tree — size of the radial increment”, which is regulated
by competitive relations between trees of various so-
cial ranks (Fig. 4 A, B, C).

Without influence of a fire larger trees are charac-
terized by big sizes of increment in comparison with
small trees (Fig. 5). The increment of the largest trees
(48 cm) prior to a fire exceeded that of small pines (20
cm) 4.6 times. As a result of a fire, the increment of trees
decreases. Trees of all categories and sizes are dam-
aged. However after a fire, the increment of large trees
exceeded that of small trees only 2.7 times. The incre-
ment of large trees has decreased 4.4 times, and smalil
— only 2.5 times. Consequently, larger trees are more
sensitive to a fire, and losses of the increment of stand
mainly occur because of their reaction to the influence
of an external destabilizing factor.

Negative influence of a fire on the increment of
large trees is partially compensated with time by an
increase in the increment of smaller trees. It is con-
nected with an increase in the amount of light, which
penetrates the subordinated part of stand canopy as
a result of an increase in defoliation and decline of a
part of large trees. The complex of conditions for a soil-
light increment at residuary in canopy of stand of I1I-
V Kraft class trees is formed.

Thus, an increase in defoliation and a decrease
in tree increment (including the increment in diame-
ter) are important forms of reaction of stands to sur-
face fires. There is no common opinion regarding nar-
rowness of connection between these parameters.
Some authors state that there is just a weak correla-
tion between defoliation of tree and its increment
(Kramer 1986; Watzig 1991), others indicate that this
connection is rather close (Huber 1987) (is quoted
Ozolincius 1996).

Connection between defoliation and the radial
increment becomes closer, when the analysis is con-
ducted on high values of defoliation (Ozolincius 1996).
On the control plot, where the defoliation of stand
averaged at [6.5% (at a maximum of 40 % only for |
tree in 1992) for the whole period of research, signif-
icant correlation between the increment and tree de-
foliation was not observed (Table 3).

On the plot after a surface fire of weak intensity
for the period of research the average defoliation of
stand did not exceed 27%. Only on separate trees in
various years it reached 50%. Therefore, as on the con-
trol, statistically significant correlation between the tree
increment on diameter and defoliation of the current
year was not revealed.

On the plot after a surface fire of average inten-
sity the average defoliation of stand was found to be
38 and 43% (in 1997, respectively for the whole crown
and top third of crown). In some years, the maximal
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Table 3. The coefficients of - | Iincrement in diameter |
. Parameters Number of trees -

the correlation between defo- Relative | Absolute, mm

liation and tree increment on The stand damaged by surface fire of average intensity

diameter on plots after sur- gegoiﬁmion oithe »;h(lile ;rown of ?urrenl year ;ig (())Z'li 8:;

- efoliation of top third of crown of current year -0. -0.

face ﬁfes of average and weak Defoliation of lhs whole crown of last year 650 -0.50 -0.48

intensity and on the control Defoliation of top third of crown of last year 650 -0.53 -0.49

plot Sum defoliation of the whole crown for last 3 years 585 -0.52 -0.50
Sum defoliation of top third of crown for last 3 years 585 -0.56 051

The stand damaged by surface fire of weak intensity
Defoliation of the whole crown of current year 706 -0.04* -0.04*
Defoliation of top third of crown of current year 706 -0.02* -0.03*
Defoliation of the whole crown of last year 647 -0.16 -0.12
Defoliation of top third of crown of last year 047 -0.12 -0.10
Sum defoliation of the whole crown for last 3 years 589 -0.17 -0.15
Sum defoliation of top third of crown for last 3 years 589 -0.14 -0.19
Stand on control plot

Defoliation of the whole crown of current year 330 -0.01* -0.08*
Defoliation of top third of crown of current year 330 0.01* 0.01*
Defoliation of the whole crown of last year . 300 -0.10* -0.11*
Defoliation of top third of crown of last ycar 300 -0.05* -0.02*
Sum defoliation of the whole crown for last 3 years 270 -0.04* -0.11*
Sum defoliation of top third of crown for last 3 years. 270 -0.01* ~ 0.01*

* . Decpendence between paramecters is not statistically significant

values of defoliation in surveyed trees reached 85%
for all crowns and even 90% — top third of crown.
Therefore, a correlative dependence between the pa-
rameters of defoliation and the tree increment in di-
ameter has been revealed, which is characterized by
statistically significant negative correlation coefficients
(Table 3). The coefficients of the correlation between
absolute values of increment and tree defoliation of
current year for all data file over a 10-year period of
research in separate years reached -0.40 and -0.46 (re-
spectively for defoliation of all crowns and top third
of crown).

Negative influence of fire in the form of a decrease
in the diameter increment is strengthened with an in-
crease in a degree of tree defoliation and mostly is
shown in the loss of needles of the current and last
year (Ericsson, Larsson & Tenow 1980). Therefore, cor-
relation coefficients between the increment and defo-
liation of the last year were calculated. On the plot after
surface fire of average intensity negative correlation
dependence of the increment in defoliation of the last
year is characterized by higher coefficients of the
correlation, than from defoliation of the current year
(Table 3).

Average lifetime of pine needle in Byelorussia is
3 years (Ivanov ef al 1975, Stepanchik & Savluk 1994).
Therefore, an attempt was made to estimate the corre-
lation between absolute values of the increment and
sum defoliation of the current year and 2 previous
years. It turned out that after a surface fire of aver-
age intensity the values of correlation coefficients
between increment and sum defoliation for 3 years
have increased in comparison with defoliation of the

current year and have attained 0.50 and -0.51 for the
whole crown and its top third, respectively.

In the stand after a surface fire of weak intensity
the coefficients of the correlation between the tree in-
crement in diameter and defoliation of the last year and
sum defoliation over a period of 3 years have also
increased. It allows us to conclude about statistically
significant, though weak dependence between these
parameters.

Thus, there is a significant negative correlation
between the parameters of defoliation and the incre-
ment of trees damaged by surface fire, allowing for
regression analysis between these parameters. The
analysis of dependence of the increment on tree de-
foliation on plot after a surface fire for a 10 year peri-
od of research shows that the loss by tree of photo-
synthetic device results in the loss of the increment
of wood (Fig. 6, Table 4). This dependence is not rec-
tilinear and functional. Pines with defoliation 5% have
smaller increment, than trees with defoliation 10%, and
maximal increment was marked on separate trees with
defoliation of the current year 25-30% for the whole
crown and 35% - top third of crown and also on trees
with defoliation of the last year — 20-25%.

A decrease in the annual increment of stand in
diameter descends with an increase in defoliation by
more than 10%. Relative stabilization comes with de-
foliation reaching 35-40%. With defoliation rising over
80-85%, a sharp decrease in the increment is also ob-
served. The increment falls down to 0 at 95-100% of
crown defoliation of trees. A. Augustaitis and E. Bart-
kevichius (Augustaitis & Bartkevichius 1990), and
R.Ozolincius (Ozolincius 1996) have obtained similar
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Figure 6. Dependence of the average tree increment in di-
ameter (Zd) on defoliation (Df) of the top of crown and the
whole crown of current (A) and last (B) years after surface
fire of the average intensity

results in research of the influence of crown defolia-
tion on the increment of pine forests, damaged by in-
dustrial emissions.

Regression dependence of the tree increment in di-
ameter on the current year defoliation of all crowns and
top third of crown is approximated by a parabolic curve
3-rd order with high coefficients of determination (Fig.
6):

Zd=:7,43%10"*Df, *+1.266*10°*Df -7.4227%102*
Df, +2.19265, 1=0.79; ’

Zd=-4.5%10°*Df, F+7.92*10**Df, 2-5.397%102*Df, +1.977,
r’=0.84;

The regression dependence between the tree in-
crement in diameter and last year defoliation of the
whole crown and top third of crown is also approxi-
mated by parabolic curve of the 3-rd order:
Z2d=-6.8*10°*Df +1.302*10*Df, *-8.59*107*
Df, +2.37. r*’=0.91;

Zd=-4.325%10°*Df ‘+8.544*10**Df -6.3299%10-2*
Df, +2.111, r=0.93;

Zd is the tree increment in diameter, mm; Df ,is
defoliation of top third of crown; Df, _ is defoliation
of the whole crown. -

Distribution of size of the annual increment in
diameter of trees with defoliation of 25-55% are post-
tively asymmetric and have the increased excess,
which reflect domination of similar to average values,
in spite of high variation in aggregate as a whole (Ta-
ble 4)

The following tendency has been detected in the
analysis of distribution of maximal values of the tree
increment depending on defoliation: with defoliation
increasing up to 50% relative stability in fluctuations
of maximal values is marked; sharp fall of the increment
is observed at transition of boundary in 50% of defoli-
ation. The coefficient of variation in the tree increment
in diameter is higher in case an increase in defoliation
is up to 50%. The increase of a coefficient of variation
is caused by a decrease in average values of the incre-
ment at high maximal values. The greatest coefficients
of variation are marked when defoltation of the whole
crown is found to be 45-50%, at defoliation of top third
of crown — 50-55%. Variation in the tree increment in
diameter begins to be reduced at an increase in defoli-
ation above these limits (Table 4).

Discussion and conclusions

Surface fires produce a strong effect on the state
of stands. Reaction of stands to surface fires of var-
lous intensities is shown in an increase in defoliation
and number of damaged trees, deterioration of vital
state of stands, a decrease in the increment. The dam-
age rate of stands is determined by the intensity of a
fire.

Damage of stands by fire brings to death a part
of trees, the number of which depends on the intensi-
ty of a fire. The maximum of accumulation of dead
wood in pine forests damaged by surface fires is ob-
served in the first two post-fire years. In the future,
this process is slowed down. Trees of all Kraft class-
es dry. The greatest amount of dead wood is among
oppressed trees of V Kraft class, the smallest — among
trees of I-11 Kraft classes.

The general improvement of the state of stands
in the form of a decrease in the degree of defoliation,
reestablishment of the number of undamaged trees and
a decrease in the number of damaged trees, increases
of indexes of vital state of stands is observed in 5
years after a fire of average intensity and in 2 years —
of weak intensity.

Considerable differences are observed in the dy-
namics of the increment of various Kraft class trees
in the intact pine forests: the greatest values of the
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Table 4. The increment in diameter of I-1T Kraft class trees at various degrees of defoliation for the period 1990-2000 (on
the plot after surface fire of average intensity)

| Increment in diameter. Cocffi- Increment in diameter, mm i ‘ Coeffl» ;
| Defolia- | Number mm Excess | Asy : ¢ Number o Excess | Asym- c1cn.t of |
| tion,% | of trees [ ~ ymmetry cxeAnl‘o of trees l . | metry varia-
| ‘ Average ‘ Min ‘ Max variation Average ‘ Min Max | tion i
| - ) " Defoliation of the current vear [
‘ ; The whole crown Top third of crown }
‘ 5 | 10 3.38+0.47 135 505 -1.90 -0.21 437 9 3.24+0.67 1.35 6.85 -0.47 0.94 61.7 |
~ 10 | 46 3.93+0.28 080 800 -0.71 0.41 48.8 56 3.84+0.23 0.75 7.30 -0.49 0.16 44.5
5 | o 2.86+0.18 025 7.00 -0.606 0.28 58.6 76 3.000.21 0.30 3.00 -0.42 0.36 58.8
20 1 107 2.44x0.17 015 765 -0.56 0.67* 71.4 67 2.67+0.20 0.25 8.55 1.97* 1.07* 624 |
‘ 25 | 9 2.09+0.17 0.15 855 3.23* 1.71* 81.6 82 2.29+0.20 0.15 7.65 -0.25 0.93* 799 |
30 80 1.90£0.18 0.15 855 2.79* 1.65% 86.7 76 1.94+0.18 0.15 7.90 2.19* 1.39* 790 |
35 60 1.71x0.18 0.15 6.15  1.22% 1.26* 82.2 73 1.56+0.17 0.15 8.55 7.81* 2.57* 94.8
40 ‘ 43 1.77£0.24 0.1 6.15  1.22* 1.37* 80.1 56 1.72£0.20 0.25 6.15 0.83 1.23* 857 |
| 45 | 28 1.05£0.23  0.15 625 12.44* 3.24* 116.1 44 1.92+0.26 0.15 6.55 1.26 1.45% 909 |
[ 50 | 14 2.49+0.65 0.15 6.55 -1.27 0.77 97.5 22 1.430.31 0.15 6.00 3.90* 1.95* 101.3 |
55 9 0.89+£0.16 020 1.45 -1.82 -0.08 54.7 11 1.20+0.42 0.30 5.05 0.78* 2.56* 115.3
60 ’ S 0.73£0.27 025 1.7 278 1.68* 82.9 10 0.85+0.17 0.15 1.75 -1 0.19 632 |
65 | 11 0.97+0.11 030 150 -0.29 -0.50 37.0 9 0.69+0.15 0.20 1.45 -0.92 0.69 650 |
| 70u> | 5 1.24+032 035 200 256 046 58.1 14 1.07+0.14 030 200 -1.02 0.14 487 |
{ Defoliation of last year
The whole crown Top third of crown
5 9 3.59+048 1.50 545 -1.40 -0.18 40.0 8 3.54+0.74 1.50 6.90 -0.98 0.73 59.5
w | 4 3.99x0.26 0.80 745 -0.62 0.22 427 52 3.83+0.24 0.40 7.90 -0.09 0.30 44.4
15 ‘ 77 3.31£0.19 025 790  0.07 0.36 51.0 71 3.09+0.19 0.40 7.15 -0.74 0.15 531 |
‘ 20 92 2.28+0.16 0I5 0655 -0.04 0.81* 67.1 58 2.09+0.24 0.25 8.55 1.13 1.06* 08.2
[ 25 | 90 1.84+0.16 0.15 855 5.20% 2.08% 82.2 70 2.16+0.19 0.15 6.55 0.44 1.10* 75.0
| 30 } 75 1.63£0.15 0.15 625 2.80* 1.71* 79.9 67 1.63+0.15 0.15 5.90 2.97* 1.57* 73.4
‘ 3s 55 1.33£0.14 0.15 550 3.92* 1.70* 78.0 68 1.30x0.13 0.20 5.40 6.32% 2.32% 796 |
‘ 40 ! 40 1.1740.15 020 490 5.88* 2.20%* 82.8 54 1.29+0.14 0.15 5.50 4.75% 1.88% 79.4
45 28 0.61£0.05 0.15 1.25 -0.41 0.18 455 41 1.49+0.20 0.20 5.05 1.20 1.28* 84.2
} 50 | 14 1.84+0.49 0.15 06.00 0.80 .34 100.2 19 1.06+0.13 0.25 2.80 4.77* 1.72% 52.5
55 ‘ 9 0.71£0.13 020 130 -1.23 0.29 57.3 11 1.05£0.50  0.15 6.00 10.61*%  3.23* 157.4
‘ 60 | 5 0.51£0.17 0.15 1.10 1.19 1.14 73.2 9 0.62+0.11  0.15 1.10 -1.17 -0.25 54.5
| 65 | 10 0.87+0.16 030 165 -1.17 0.60 576 9  067#0.18 0.15 .60 -1.18 078 828

increment are typical of trees of I Kraft class, the small-
est — I1I-V. Surface fires affect the increment of larg-
est trees of 1 and II Kraft classes most heavily. Basic
losses in the increment of wood descend because the
reaction of the prevailing part of stand to the influ-
ence of a pyrogenic factor. Negative influence of a fire
on the increment of large trees partly is compensated
by an increase in the increment in smaller pines due
to a decrease in competition with damaged trees of I-
IT Kraft classes and decline of a part of stand.

Statistically significant negative correlation be-
tween the annual pine increment in diameter and de-
foliation is marked on plots damaged by surface fires.
The values of correlation coefficients increase along
with the intensity of a fire. The closest connection is
marked between the increment and total defoliation
over 3 years and defoliation of the last year.

The interrelation between defoliation of crown and
the increment in diameter is not rectilinear. The results
of long-term survey on a plot after a surface fire of
average intensity reveal regression dependence of
absolute values of the increment in diameter on tree
defoliation of the current and last years. This depend-

ence is approximated by parabolic curve of the 3-rd
order with high coefficients of determination.

It is important, that surface fires even of relative-
ly low intensity, not destroying stands, substantially
change the system of competitive interactions and pro-
ductive structure in coenoses of pine. These changes
are realized predominantly through defoliation of tree
crowns, mainly in a prevailing part of stand canopy.
The defined value, undoubtedly, has also death of a
part of trees. Negative trends of an increase in the
degree of defoliation and a decrease in the increment
are kept in stands from 2 till 5-7 years depending on
the intensity of a fire. However, even in 10 years after
a fire, the system of relations between trees as well
as level of wood production is not restored.
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BJIMAHUE HH30BbIX ITOXKAPOB HA COCTOAHME JPEBOCTOEB B COCHAKAX
MIIUCTBIX (PINETUM PLEUROZIOSUM)

A. B. Cynnuk, A. B. Ilyrayesckuii, H. A. KoporkeBuu, A. A. MoaoxaBckuii, 1. H. Bepmuukas
Pesiome

[To pesyneraraM MHOTOMCTHHX HAOMIONEHWIH H3YUeHBI ITOCNEACTBUSA BIIHAHHA HH3OBBIX IOXKAPOB CpeiHeil H crnaboit
HHTCHCHBHOCTH Ha COCTOSAHHE JPEBOCTOEB COCHBI B COCHAKAX MIIHCTHIX M0 BEJIMYHHE HX NMPUPOCTa H A ONHALHH H BbISBACHA
3aBHCHMOCTD MEXTY ITHMH IT0Ka3aTCIAMH, XapaKTepH3YIOIUMH COCTOSIHUE H TPOTYKTHBHOCTL AEPEBBEB, MOCIE BO3ACHCTBHUS
OTHSI.

Peakuus ApeBoCTOEB Ha HH3OBBIE ITOXAPH! Pa3IHUHOH MHTEHCHBHOCTH MpOSBISETCS B YBENWUeHHH AehONHANHH 1
KOJTHYECTBA ITOBPCKICHHBIX ACPEBBEB, YXYALIEHHH XXH3HEHHOTO COCTOSTHMS IPEBOCTOER, CHHIKEHHH NpHpocTa. [Jospex/ieHue
JIPEBOCTOEB OTHEM MPHBOMUT K THOENH YacTH JEPEBECB, JOJNA KOTOPHIX 3aBMCHT OT HHTEHCHBHOCTH MOxapa. MakcHMyMm
HAKOTUICHHUA CYXOCTOS B [TOBPEXACHHBIX HH30BBIMH MOXapaMH COCHAKAaX Hab/roIaeTCs B IEPBLIE 1Ba NOCIENOXKapHbIX T4, 8
B JaJbHCHIEM JTOT mpollece 3aMenserca. Obuiee ynydlIeHHE COCTORHHA JIPEBOCTOEB B (BopMe CHIKCHHA CTENeHH
JedoHalHH, YBETHUCHHA KOMHYECTBa HEMMOBPEXKACHHBIX H YMEHBLIEHHH MOBPEXK/ICHHBIX ACPEBBCE, YBEITHIEHHS HHICKCOB
XKH3IHCHHOTO COCTOAHUSA JIPEBOCTOEB HabJIrofaeTcs yxe yepes S JICT [ocie noxapa cpeAHeit HHTEHCHBHOCTH U 4cpes 2 rona -
cnaboi HHTEHCHBHOCTH.

Mexay rofMuHpIM MPHPOCTOM COCHBI MO AHaMeTpy W aedoinauuel 0OTMEUYCHAa AOCTOBEpHAs OTPHLATCIbHAS
KOppeNAUHOHHAS CBA3b HA yYAaCTKAaX, MOBPEXK/EHHBIX HH30BBIMH NMoxapami. [1o pe3ynsTaTaM MHOTONETHHX HabMONeHHH Ha
YUacTKe Iociie HH30BOrO 1MojXapa cpeJHell HHTEHCHBHOCTH BBIABIICHA PErPECCHOHHAA 3aBHCHMOCTE aGCONFOTHBIX 3HAUCHHIH
NPHPOCTa CTBOJIOB IO JIHAMETPY OT AehONHaLMH JIePeBLEB TEKYIErO H POIIOTO TOJOB.
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