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Abstract

Investigations were conducted on 48 Scots pines grown on former farmland and under typical forest conditions in

northern Poland. It was attempted in the study to determine wood quality of pines grown in former farmland and typical
forest conditions, based on the relationship between biometric traits of trees and the share of sapwood and heartwood
in tree stems. Moreover, the analysis included the dynamics of heartwood formation and the dependence between crown
volume of trees, the diameter at breast height and height, and volume and share of heartwood and sapwood in tree stems.
Results show that the higher dynamics of heartwood formation and a higher share of heartwood and a lower share of
sapwood are distinguished in stems of pines growing on former farmland in comparison with pines growing on typical
forest soils. High values of coefficients of determination obtained for analyzed dependencies facilitate estimation of

sapwood and heartwood volumes in stems of pines on the basis of their diameter at breast height or crown volume.
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Introduction

Forecasts concerning the development of forest
resources in Poland predict increased demand for wood
at the simultancous reduction of globally harvested
timber volume. This situation is going to result in the
deficit of timber, which may be aggravated as a con-
sequence of destructive phenomena in the natural
environment.

Expansion of the raw material base may be achiev-
ed using the following methods:

» management of afforested former farmland and
wasteland,

« intensification of management in private forests
and state forests managed by other government de-
partments,

« utilisation of afforestation potential,

« intensification of timber production in forest ar-
eas.

As far as the possible solutions given above are
concerned the best results may be obtained by devel-
oping former farmland and wasteland for afforestation
(Fonder 1991, Gtaz 1996).

Increasing the area of forests by afforestation of
former farmland is also connected with the enhance-
ment of their advantageous effect on the entire natu-
ral environment and first of all on living conditions

for the local population and natural conditions of
agricultural production (Lonkiewicz 1990).

The problem of ecological succession and the
reconstruction of forest ecosystems in former farmland
was also investigated by Szujecki (1990) and Szwagrzyk
(2004).

In spite of growth conditions rather adverse for
trees, occurring in former farmland, Wazynski (2000)
on the basis of conducted investigations found that
stands growing under the conditions found on former
farmland exhibit sufficient quality.

Wood structure is determined by species-specif-
ic and individual traits, while at the same time several
paremeters of wood properties are modified by exter-
nal conditions such as e.g. geographical location, cli-
mate and soil conditions.

Sapwood and heartwood are essential elements of
wood macrostructure having a decisive effect on the
quality and properties of timber. Considerable variation
in physical, chemical and mechanical properties of sap-
wood and heartwood frequently determines the possi-
ble applications and utilisation of both types of wood.

Most trees in their cross stem sections have reg-
ular heartwood, similar in shape to stem girth. In some
species heartwood may be irregular in shape, which
does not correspond to the boundary of annual rings
(Hillis 1987)
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Duda and Pazdrowski (1975), and Pazdrowski and
Sptawa-Neyman (1996) showed that the share of sap-
wood and heartwood is closely correlated with age of
trees and site fertility. The share of heartwood increas-
es with age of trees and site fertility, at the expense
of the share of sapwood.

The quality of raw material base may be prelimi-
narily assessed on the basis of phenotypic traits of
individual trees, i.e. their height and crown structure
(Zawierucha 1978). Dependences between crown size
as well as other biometric traits and elements of wood
structure and growth dynamics of trees were also
analyzed by Smith (1953), Meyer (1959), Lemke (1966a,
1966b), Assmann (1968), Dudek (1969), Pazdrowski
(1994a, 1994b), Dean (1999), Amarasekara and Denne
(2002), and Jelonek and Pazdrowski (2004).

The crown, its shape, morphology and its effect
on increment dynamics was discussed at length by
Assmann (1968). The last author characterized tree
crowns using simple and universal indexes.

In the extensive literature on the subject numer-
ous items may be found describing timber quality, its
biological aspects and relationship with biometric traits
of trees. However, there is no in-depth analysis facil-
itating quality appraisal of timber produced on former
farmland and the determination of the strength and
trend of the dependence between external factors
modifying growth conditions and biometric traits of
trees, and wood structure.

The aim of the study was to determine the effect
of former farmland on quality of timber produced in
pine stands in northern Poland.

Methodological assumptions

Investigations were conducted in northern Poland
in production pine stands (Figure 1). A total of 48

Figure 1. Location of conducted investigations http://
geography.about.com/library/blank/blxeurope
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Pinus sylvestris L. trees were used in the study, aged
between 32 and 114 years, grown on former farmland
and on typical forest sites (Table 1). Compared stands
were similar in terms of many possible taxation condi-
tions, i.e. site conditions, age, height, breast height
diameter, and the area occupied by one tree (Table 1).

Table 1. Statistical characteristics of model trees

Tree Crown Stand
Type of L L Age ) Crown DBH
Statistical characteristic height volume basal area
soil (years) length (m) 3 (cm)
(m) (m’) (m?)
Mean 66.7 21.8 7.4 54.3 24.0 20.2
Forest Standard deviation 240 4.7 2.5 51.7 72 6.9
ore:
i Coefficient of variation [%] 36.0 21.6 331 95.2 30.1 343
si
Maximum 110.0 28.3 1.9 1682 37.0 30.3
Minimum 320 1.8 3.1 21 12.0 9.7
Mean 711 21.2 71 54.3 24.5 214
Standard deviation 275 3.2 1.8 39.6 83 7.6
Former
Coefficient of variation [%] 387 15.2 259 72.8 33.9 354
farmland
Maximum 114.0 271 108 1414 37.2 333

| Minimum 320 15.0 2.9 53 85 112

Moreover, sample plots were established in stands
located close to one another in order to limit the ef-
fect of microclimate on the forming wood tissue. The
other factors composing sets of growth and develop-
ment conditions for individual trees and entire stands
were considered to be constant.

In each analyzed stand a representative sample
plot of 0.5 ha was established, in which the diameter
at breast height (DBH) was measured for all trees and
height in proportion to the number in adopted (2 cm)
diameter sub-classes.

Based on the diameter and height characteristics
of the stand in each plot three model trees were se-
lected using the Urich II dendrometric method (Gro-
chowski 1973), which represented the first three class-
es according to the Kraft classification (1884).

Prior to felling of each model tree its crown pro-
jection was performed in order to establish its diame-
ter. All stems of felled model trees were divided into
sections, from the centres of which discs with a thick-
ness of approx. 3 cm were cut perpendicularly to the
longitudinal axis of the stem. The first disc was cut
from the kerf plane of the tree, the next at a distance
of 1 m and successive from the centres of assumed
2 m long sections.

After slight drying and thorough sanding sap-
wood ring width and heartwood diameter were meas-
ured on cut discs in two perpendicular diameters ori-
ented along the north-south and east-west axes.

On the basis of these measurements sapwood ring
volume and heartwood cylinder volume were calculated
in each 2-m section of individual model trees, which
as a result made it possible to calculate total volume
and the share of both types of wood in each analyzed
model tree. The share of both types of wood in stem
volume was expressed in relative values (%), assum-
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ing stem volume as 100%. Moreover, the number of
annual diameter increments found in the sapwood and
heartwood zones was calculated in each cut disc,
which was next used to determine the dynamics of
heartwood formation. Obtained numerical values char-
acterizing selected biometric traits of trees and selected
traits of their wood macrostructure facilitated an anal-
ysis of their interdependencies. An attempt was made
to determine to what extent individual biometric traits
of trees determine the size and variation in selected
characteristics of wood macrostructure. In the present-
ed study these relationships were characterized using
regression curves and coefficients of determination.

Results

Both sapwood and heartwood are important ele-
ments of pine wood macrostructure. Varied properties
of both types of wood frequently determine their po-
tential applications and utilisation of produced raw
material. Thus during its assessment the share of sap-
wood and heartwood are frequently analyzed togeth-
er with their ratio in logs and tree stems.

The share of sapwood and heartwood in pine
stems, grown on former farmland and typical forest soils
is presented in data given in Table 2 and in Figures 2
and 3.

Table 2. Characteristics of selected macroscopic wood struc-
ture characteristics of Scots pine (Pinus sylvestris L.) trees
growing on former farmland and typical forest soils

Forest Former farmland

Statistical heartwood sapwood dynamics of heartwood sapwood dynamics of

characteristic volume volume  heartwood volume volume  heartwood

[m3 [md formation [m3] [m3 formation

Mean 0.143 0.402 3.63 0.154 0.356 3.10
Standard error 0.1321 0.2486 2.05 0.1256 0.1941 1.57
Coefficient of

variation [%] 92.0 62.0 56.5 81.7 54.5 50.52
Maximum 0.526 0.875 8.542 0.458 0.843 713
Minimum 0.001 0.017 1.469 0.007 0.062 1.28
Percentage of

volume / area [%] 26.3 737 30.2 69.8

Pines growing on former farmland soils on average
exhibited a higher heartwood volume (0.154 m?®) and lower
sapwood volume (0.356 m*) than pines growing on typ-
ical forest soils, where these values were 0.143 m? and
0.402 m?, respectively (Table 2, Figures 2 and 3).

Higher coefficients of variation for analyzed traits,
i.e. volumes of sapwood and heartwood, were found
in pines growing on forest soils, amounting to 92%
for heartwood volume and 62% for sapwood volume,
while for pines from former farmland soils these val-
ues were 82% and 55%, respectively (Table 2).
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Figure 2. The share of sapwood in stems of Scots pines
(Pinus sylvestris L.) growing on former farmland and typi-
cal forest soils
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Figure 3. The share of heartwood in stems of Scots pines

(Pinus sylvestris L.) growing on former farmland and typi-
cal forest soils
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Figure 4. The share of sapwood and heartwood in stems
of Scots pines (Pinus sylvestris L.) growing on former farm-
land and typical forest soils
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The percentages of sapwood and heartwood vol-
ume were also analyzed in relation to total stem vol-
ume. A graphic presentation of this share is found in
Figure 4. On average the share of heartwood in stem
volume in pines growing on former farmland soils was
higher by approx. 4% than in pines growing on typi-
cal forest soils.

Dynamics of heartwood formation defines the rate
of transformation of sapwood (containing parenchy-
mal cells) into heartwood devoid of parenchymal cells,
serving mainly mechanical functions.

Coefficient [s/h]
N

Il \Y \ \

age class
Former farmland - - - - - -~ Forest

s/h — the number of rings within sapwood zone to the number of
rings in heartwood zone

Figure 5. Dynamics of heartwood formation in stems of
Scots pines (Pinus sylvestris L.) growing on former farm-
land and typical forest soils

Most frequently the dynamics of heartwood for-
mation is defined on the basis of the ratio of the
number of annual sapwood rings to the number of
rings contained in heartwood. At the same time it needs
to be stressed that the range of heartwood in the cross
stem section does not have to coincide with the
boundary of the annual ring.

Generally trees growing on typical forest soils are
characterized by higher sapwood: heartwood ratio of
3.63, a higher standard deviation (2.05) and coefficient
of variation (56.5%). In turn, trees growing on former
farmland soils had values of 3.10, 1.57 and 50.5%, re-
spectively (Table 2).

Results indicate that in trees coming from forest
soils the process of heartwood formation was less
intensive (especially in age class III) and occurred with
a higher variability than in trees coming from former
farmland soils (Table 2, Figure 5).

Statistically significant differences were found in
the dynamics of heartwood formation between pines
of age class III growing on former farmland and typi-
cal forest soils.

In the production of highest quality timber a cru-
cial issue is to know interrelationships between some
easily measurable biometric traits of trees and the share
of sapwood and heartwood in stems.

In order to analyze in detail the share of heart-
wood and sapwood in stems the ratios of volumes of
both wood types were also analyzed.

Table 3. Statistical characteristic coefficient [H/S] and [S/H]

Statistical
characteristic Forest Former farmland
Coefficient Coefficient Coefficient Coefficient
[H/S] [S/H] [H/S] [S/H]
Mean 0.29 6.39 0.38 4.09
Stand. error 0.17 6.77 0.21 2.98
Coefficient of
58.6 105.9 553 729

variation [%]

Pines growing on former farmland soils had high-
er [H/S] ratios and lower [S/H] ratios than pines grow-
ing on typical forest soils.

Higher coefficients of variation for the analyzed
ratios were recorded for trees coming from forest soils.

20
15 4

10 A

Coefficient [S/H]

[ v \Y \
age class (years)

------- Former farmliand Forest

[S/H] — sapwood volume : heartwood volume ratio

Figure 6. [S/H] ratio in stems of pines from former farm-
land and typical forest soils in terms of age
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Figure 7. [H/S] ratio in stems of pines from former farm-
land and typical forest soils in terms of age
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It may be assumed that such fluctuations of the
S/H and H/S ratios in case of pines coming from former
farmland soils may be caused by a different course of
the tree aging process, resulting from varied growth
and development conditions on former farmland in
comparison to forest soils.

In this study it was attempted to analyze the de-
pendency between selected elements of wood mac-
rostructure and selected biometric traits of trees.

Both sapwood and heartwood volumes depend,
among other things, on the size of the tree crown.
Figures 8 to 23 present the dependence of volume and
share of sapwood and heartwood and the dynamics
of heartwood formation in tree stems on crown vol-
ume, the height and the diameter at breast height.
Interdependencies were characterized using the coef-
ficients of determination and regression equations.
Analyzed dependencies are curvilinear in character and
calculated coefficients of determination reached high
values.

For pines from typical forest soils the coefficient
of determination R?of the dependence of sapwood
volume on crown volume was 0.88, while that of the
dependence of heartwood volume on crown volume
was 0.83. The values of this coefficient for trees from
former farmland were lower, amounting to 0.81 and 0.57
(Figures 9 and 11). The results show that dependent
variables (volumes of sapwood and heartwood) are
determined by analyzed independent variables (crown
volume) in approx. 88% and 83% for typical forest soils
and 81% and 57% for former farmland soils.

On the basis of regression curves describing de-
pendencies of sapwood volume on crown volume it
may be stated that in case sapwood volume is identi-
cal, pines from former farmland soils have bigger
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Figure 8. Correlation between sapwood volume and the di-
ameter at breast height of pine trees growing on former farm-
land and typical forest soils
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Figure 9. Correlation between sapwood volume and crown
volume of pine trees growing on former farmland and typi-
cal forest conditions

crowns than pines from typical forest soils (Figure 9).
In contrast, since heartwood volume depends on crown
volume it was observed that at a crown volume of
approx. 80m? a similar heartwood volume is found in
stems of pines from typical forest and former farmland
soils (Figure 11).

Figures 8 and 10 present dependencies of sap-
wood and heartwood volumes on the diameter at breast
height. Both sapwood and hardwood volume depend
on the diameter at breast height. Higher coefficients
of determination R? were obtained for pines growing
on typical forest soils (0.72 and 0.64) as compared to
former farmland soils (0.69 and 0.42).

In case of the dependence of sapwood volume on
the diameter at breast height it was observed that af-
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Figure 10. A correlation between heartwood volume and the
diameter at breast height of pines growing on former farm-
land and typical forest soils
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Figure 11. A correlation between heartwood volume and
crown volume of pines growing on former farmland and typ-
ical forest soils

ter the diameter at breath height had exceeded approx.
20 cm an intensive sapwood increment was found in
pines growing on typical forest soils than in these on
former farmland. Also in case of the dependence of
heartwood volume on the diameter at breast height a
similar correlation was observed with one difference,
as a more intensive heartwood increment in pines from
typical forest soils occurred after the diameter at breast
height had exceeded 30cm.

Successive figures (Figures 12 to 15) present de-
pendencies of sapwood and heartwood volumes on
crown length and tree height. Trends of analyzed de-
pendencies were similar in pines from former farmland
and typical forest soils; however, higher coefficients
of determination were reported for trees growing on
forest soils.
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Figure 12. A correlation between sapwood volume and length
of live crown in pines growing on former farmland and typ-
ical forest soils
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Figure 13. A correlation between heartwood volume and
length of live crown in pines growing on former farmland
and typical forest soils
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Figure 14. A correlation between sapwood volume and tree
height of pines growing on former farmland and typical for-
est soils
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Figure 15. A correlation between heartwood volume and tree
height of pines growing on former farmland and typical for-
est soils
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Dependencies of the share of both wood types
(sapwood, heartwood) in stem volume on crown vol-
ume and the diameter at breast height were also ana-
lyzed (Figures 16 to 19).

In pines from former farmland the share of sap-
wood was approx. 40% depending on the crown vol-
ume and 54% depending on the diameter at breast
height, while in pines from forest soils those were
approx. 50 and 34%, respectively (Figures 16 and 18).
Analysis of the dependence of the share of heartwood
in stem volume on crown volume and the diameter at
breast height shown that the share of this wood in
pines from former farmland depends on the crown
volume approx. 50% and on the diameter at breast
height 64% (Figures 17 and 19).
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Figure 16. A correlation between dynamics of heartwood

formation and crown volume in pines growing in former
farmland and typical forest soils
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Figure 17. A correlation between dynamics of heartwood

formation and the diameter at breast height of pines growing
on former farmland and typical forest soils
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Figure 18. A correlation between the share of sapwood in
stem volume and the diameter at breast height in pines grow-
ing on former farmland and typical forest soils
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Figure 19. A correlation between the share of heartwood in

stem volume and the diameter at breast height of pines grow-
ing on former farmland and typical forest soils

Figures 20 and 21 present the dependence of heart-
wood formation dynamics on crown volume and the di-
ameter at breast height. A slightly stronger relationship,
defined on the basis of coefficients of determination,
links the dynamics of heartwood formation and crown
volume in pines from forest soils than these from former
farmland. It was the opposite when the diameter at
breast height was the independent variable and in this
situation a stronger relationship between the analyzed
traits was found in pines from former farmland.

On the basis of regression curves describing de-
pendencies presented in Figures 20 and 21 it may be
stated that with an increase in crown volume and the
diameter at breast height dynamics of heartwood for-
mation increased in a curvilinear manner. The trans-
formation from sapwood to heartwood was more in-
tensive in pines growing on former farmland soils.
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Figure 20. A correlation between dynamics of heartwood

formation and crown volume in pines growing in former
farmland and typical forest soils
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Figure 21. A correlation between dynamics of heartwood
formation and the diameter at breast height of pines growing
on former farmland and typical forest soils

Dependencies of three variables, i.e. crown vol-
ume, sapwood volume and age of trees, were also
analyzed in the compared groups of trees. Higher co-
efficients of multiple correlation R(z/xy) were record-
ed in pines from typical forest soils (0.89) (Figure 22)
than these from former farmland soils (0.86) (Figure 23).

Discussion

An increase in the area of forests is a permanent
element of national spatial development, ecological and
economic policy. The need to increase the areas of
forests is presented in the most decisive manner in the
State Forest Policy (1997) as one of its essential goals.
The realization of the State Forest Policy (Puchnialski
200) should lead to an increase in the total area of
forests to 30% in 2020 and 33% after 2050, the arrange-

R(zhy)= 0,886541987, p = 0,00000009
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Figure 22. An interdependence between sapwood volume,
crown volume and age of pines growing on typical forest
soils

R(z/xy) = 0,856300812, p = 0,0000009
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Figure 23. An interdependence between sapwood volume,
crown volume and age of pines growing on former farmland
soils

ment of the farmland-forest boundary in a manner
beneficial for landscape value, as well as efficient func-
tioning of forests and agriculture.

Forest on former farmland is one of the most im-
portant problems of contemporary forestry. The natu-
ral life cycle of trees, the effect of the environment and
hereditary characters, as well as quality attributes of
wood are closely interrelated and to a considerable
degree depend on soil conditions. Atypical, extreme
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conditions for forest production, found on former farm-
land, most probably affect directly the formation of
wood tissue. At the same time it needs to be remem-
bered that these conditions change throughout the life
cycle of trees, which contributes to fluctuations of the
quality of timber produced at individual stand devel-
opment phases.

Thus it is necessary to solve several problems
connected with the common goal, i.e. the generation
of a strong, stable forest ecosystem, capable of pro-
ducing high quality timber of versatile use.

The literature on the subject describes extensive-
ly the specific character and properties of former farm-
land (Fonder 1991, Gtaz 1996, Puchnialski 2000), as well
as the effect of various factors on the forming wood
tissue (Wagenfiihr 1966, Smith 1968, Kolman and Wil-
fred 1968, Krzysik 1978, Winandy 1994, Thornqvist 1993,
Person et al. 1995, Hannrup and Ekberg 1998, Plomion
et al. 2001, Schmidt 2001, Hejnowicz 2002, Hokka and
Ojansuu 2004). However, there seems to be no compre-
hensive analysis of the effect of conditions generated
by former farmland on modifications of wood quality.

Conducted investigations (Jelonek et al. 2005)
showed that pure density of pines growing on former
farmland soils was significantly higher than that of
wood in pines from typical forest soils. This pertains
both to sapwood and heartwood. We need to place
emphasis on the fact that heartwood of pines grow-
ing on former farmland soils exhibited different prop-
erties than the wood of trees growing on forest soils.
At high density this wood showed a much lower ulti-
mate compressive strength parallel to the grain. More-
over, this wood did not exhibit differences in mac-
rostructure, which suggests that changes were gen-
erated in wood tissue at the level of cell walls.

This study was an attempt to determine timber
quality based on selected wood macrostructure prop-
erties in stems of Scots pines growing under varied
conditions. The main factor differentiating this quality
was the type of soil (forest, former farmland) and age.
In the compared groups differences were observed in
the share of sapwood and heartwood in stem volume
and a different (at young age) dynamics of heartwood
formation. A higher share of heartwood and a faster rate
of heartwood formation in trees assigned to younger
age classes of stands growing on former farmland soils
would indicate a different course of the ageing proc-
ess of wood tissue and the death of parenchymal cells
than it is the case in pines growing on typical forest
soils. It is also likely that in pines growing on former
farmland soil cavitations could have been formed (es-
pecially at an older period in life), in the opinion of
Assmann (1966) contributing to parenchymal cell death
and heartwood formation in stems. It may also be as-

sumed that the rate of heartwood formation and heart-
wood volume will be affected by tree height, crown size,
and primarily water availability in soil.

Moreover, as it was shown in the course of in-
vestigations, there is a close correlation between heart-
wood formation dynamics and crown size or the di-
ameter at breast height in a tree. Thus, it seems feasi-
ble to determine the dynamics of heartwood formation
for a given specimen on the basis of crown size and
the diameter at breast height by using respective ref-
erence distribution patterns. Hence, this would be a
non-invasive method to estimate heartwood formation
dynamics of trees and whole stands.

In the production of highest quality timber it is
essential to know interrelationships between certain,
easily measurable biometric traits of the tree and the
shares of sapwood and heartwood in the tree stem.

The determination of these interrelationships is
important for two reasons. Firstly at the time timber is
allocated specific purposes it facilitates its optimal
utilization. Secondly, thanks to the action of breeding
measures at individual phases of stand development
it makes it possible to produce timber with advanta-
geous, pre-determined traits and properties.

Finding universal indexes, easily measurable on
site (not requiring the tree to be cut down), facilitat-
ing estimation of the quality, and thus the value of
timber has been the objective of numerous studies
(Dudek 1969, Pazdrowski and Sptawa-Neyman 1993,
Pazdrowski 1994a,1994b, Jelonek and Pazdrowski 2004,
Tomczak et al. 2005), including this one.

Both the volume and share of sapwood and heart-
wood in the stem are considerably dependent on
crown volume and breast height diameter of a tree. In
case of the dependence of sapwood as well as heart-
wood volume on crown volume and the diameter at
breast height in the tree higher values of the coeffi-
cient of determination were recorded in pines from
typical forest soils. The dependence of sapwood vol-
ume on tree height and the length of live crown was
also stronger in pines from typical forest soils. This
fact may indicate a higher lability of pine phytocenoses
growing on former farmland.

Conclusions

On the basis of conducted investigations it may
be assumed that tree growth conditions, obviously
different in case of former farmland soils in compari-
son to forest soils, result in different growth dynam-
ics and quantitative ratios of the analyzed elements
of wood structure and their dependencies on biomet-
ric traits of these trees.
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In order to rationally utilize timber from former farm-
land it would be necessary to conduct chemical analy-
ses of wood and physico-mechanical properties of
wood; however, at this stage it seems that it is a slightly
inferior construction material than wood from pines
growing under typical forest conditions. Thus when
utilizing wood (from former farmland) for construction
purposes larger sections of load-bearing elements need
to be used than in case of wood from pines growing in
typical forest soils. Moreover, the lower share of sap-
wood found in wood of pines from former farmland in
comparison to these growing in forests has a negative
effect on the value of timber and its potential applica-
tions, especially in terms of yield in pulp and paper
industry and plywood industry.
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BUOMETPUYECKHE CBOMCTBA JEPEBA U KAUECTBO IMPOU3BOAUMOTO
APEBECHOI'O CbIPbs U3 JEPEBBEB, BBIPAIIEHHbBIX HA 3EMJIAX, PAHEE
HCHOJIb30BAHHBIX B CEJIBCKOXO3SMCTBEHHBIX IEJIAX

T. Eaéndk, B. INazgposckuii u A. Tomuak

Peswome

HccnenoBanus MpoBoAMIHCh Ha 48 COCHAaX OOBIKHOBEHHBIX, BBIPOCIIUX B YCIOBUSIX 3€MEb, 10CIIE UX HCHONB30BaHNUS B
CEJBCKOXO3HCTBEHHBIX LIENIX M BBIPOCIIMX HAa THITUYHBIX JIECHBIX 3eMiIsiX Ha cesepe [Tonbiu. B pabore Obuta npeanpunsra
HOMBITKA OTPENEeNTUTh KadeCTBO IPEBECHHBI COCEH, B3ATHIX C 3eMellb, PaHEE HCIIOIb3YEMBIX B CETbCKOX03SHCTBEHHBIX IENSX, U
C THIHWYHO JIECHBIX IT0YB, HA OCHOBE CBSI3M MEXy OMOMETPHYECKHMH YepTaMH JepeBa H J0JIel 3a00JI0HH U sipa B CTBOIAX
JepeBbeB. AHAIM3HPOBAINCH TAK)XKe, C OMHON CTOPOHBI, JUHAMHKA TIpoIlecca 00pa3oBaHUA SAApa, C APYTOH - 3aBUCHMOCTh
Mexy 00beMOM KPOHBI JIepeBa, AMaMETPOM Ha BBICOTE YPOBHS IPY/H, BEICOTOH CTBOTA M 00BEMOM U J0NIeH B CTBOMAX APO-
BOH M 3a00JIOHHOW JpeBecHHBI. [lody4eHHbIe pe3ynbTarsbl CBHACTEIBCTBYIOT O TOM, YTO COCHBI, BEIPOCIIHE B YCIOBHUSIX
3eMellb, TI0CIe UX HCIOJIB30BAHUS B CENBCKOXO3HCTBEHHBIX IIEJNISAX, XapaKTepU3yIOTCs Oojee BHICOKOW ITMHAMUKON
obpasoBaHus spa, Oonee BHICOKOU Jonedt sapa U Ooimee HU3KSOH Joinel 3a00lOHM B CTBOJAX JEPEBBHEB, YEM COCHHI,
BBIPOCIINE HA THIHYHBIX JIECHBIX 3eMiIAX. Ha OCHOBaHMU SIpKO BBIPKEHHBIX KO((UIIEHTOB, TOMYIEHHBIX B Pe3yibTaTe
MPOaHATN3UPOBAHHBIX 3aBHCHMOCTEH, MOXKHO MOJETHPOBATh 00BEMBI 3a00JIOHH U s[pa B CTBOJIAX COCEH IO JUAMETPy Ha

BBICOTE YPOBHs IPYIH JHOO MO 00beMy KPOH.

KiawoueBble cjoBa: cocHa 06BIKHOBCHH21$I, 3€MJIM, paHEC HUCIIOJIb30BAHHLIC B CeJIbCKOX035MCTBEHHBIX noeiiax,

OnomeTpruYecKue CBoicTBa, 3a00JI0HB, AAPO
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