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Abstract

The study was conducted in the forests of the State Enterprise “Gorodotske Forest Economy”, located in the
Manevytsko-Volodymyretsky region of the Volyn Polissya in Ukraine. The annosum root rot (Heterobasidion anno-
sum (Fr.) Bref.) impact on timber merchantability was investigated. The comparison of the cost estimation of stands
assortment structure was carried out on the basis of the market value at current selling prices of the State Enterprise
“Gorodotske Forest Economy” of the Volyn Regional Department of Forestry and Hunting as of 2017, taking into
account the quality and the average length of the assortments. We present a comparative analysis of productivity,
merchantability and assortment structure and financial value of timber volume by various assortments of pine and
birch stands of the Volyn Polissya region affected by annosum root rot. We found that in the pine plantations, the
overall productivity and the value of merchantable wood was higher by 42% in the control sites (areas between the
fungal disease centers) as compared with those in the root rot disease centers. In the middle-aged birch-pine stands,
the value of merchantable wood was higher than that in pine plantations of 34 the comparable age: by 9% in the

disease centers and by 8% in control sites.
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1. Introduction

One of important questions in forestry, concerning
growing of high-yield pine stands, is a problem of root
rot that is still current, as there is no efficient methods
of the disease control. Scots pine (Pinus sylvestris L.) is
most severely affected by root rot caused by the fungus
Heterobasidion annosum (Fr.) Bref. Due to the disease
globalization in the last decades, it covers all countries
of Europe (CMI 1980; EPPO 2014; Vasiliauskas et al.
2002), North America (Harrington et al. 1989), Central
America and Caribbean (USDA Forest Service 2002;
EPPO 2014), some regions of Australia (EPPO 2014),
Asia (Parmasto 1986), and Africa (Morocco) (EPPO
2014). The problem of disease appearance and spreading
in Ukraine arose up in amiddle of the 20" century as pine
forest plantations were established in considerable areas
of abandoned arable lands, pastures, and wastelands,
where soils had lost forest properties (EPPO 2014). The

root rot reduces the productivity of forest stands, causes
their early deterioration, initiates the massive propaga-
tion of pests, increases the fire hazard, causes sanitation
felling, worsens the soil-protective, water-conservation
and sanitary functions of a forest, and, in general, signifi-
cantlyreduces a growing stock and affects the assortment
structure of pine forests in Ukraine (Ladeyshchikovaetal.
2001). The fungus causes a mottled rot in the lower part of
the trunk, the length of which along the trunk can reach
6 — 8 m that leads to timber loss, which amounts 50%
(Onyskiv & Kidyk 2008; Churakov et al. 2013; Lapitan
etal. 2013).

Besides decreased profits due to reduced timberyield
and deterioration in the quality, annosum root rot causes
the stand increment loss (Bazzigher & Schmid 1969;Jam-
bunathan et al. 1986; Vollbrecht et al. 1994; Brandtberg
et al. 1996; Khun et al. 2011). It deteriorates the trunk
form due to the thickening the lower part of the trunk
(Bazzigher & Schmid 1969; Vollbrecht et al. 1994; Khun
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et al. 2011). However, the loss of increment of living
trees affected by annosum root rot is not often taken into
account in forest management planning. For example,
the growing stock increment of affected trees decreases
on 10% during a 5-year period as compared to healthy
trees. For a longer period, the increment losses can be
considerably perceptible in certain stands (Jambunathan
et al. 1986). The trees affected by root rots are sensitive
to wind damage (Yde-Andersen 1970; Semenkova 1971;
Bendz-Hellgrenet al. 1999) and to the attacks of bark bee-
tles Dendroctonus micans (Froelich et al. 1978; Rasanen
etal. 1985) as well.

The use of control methods to decrease the rates of the
diseaserequiresinvestments. Additional costs are needed
for forest harvesting in a summer period for protecting
measures to prevent the infection of stump surface in
summer. Most of the forestry measures, in particular,
lowering the felling age, controlled burning-out, grub-
bing and change of wood species — are also expensive.
The efficiency of these measures is difficult to be foreseen
because of the absence of long-term experience with the
measures.

In Ukraine, annosum root rot is most prevalent in
young and middle-aged pine plantations established
on lands after agricultural use in Polissya, Carpathian
parts and some areas of the Forest-Steppe. Consider-
ing the fact that a significant part of such lands falls on
Volyn Polissya, the study of pine forests decline on former
arable lands is now becoming increasingly relevant. The
influence of annosum root rot on pine stands was inves-
tigated in the studies of Vedmid et al. (2013), Lapitan et
al. (2013) and Mihaylichenko et al. (2014).

In Ukraine, predominantly pure pine plantations are
created again on cutting areas affected by annosum root
rot. According to Ladeyshchikovaetal. (2001), the estab-
lishment of birch (Betula pendula Roth.) plantations asa
pine forecrop is proposed in fresh and moist fairly infer-
tile pine site types on the formerly arable lands in order
to reduce the infectious background of the root rot and
contribute to the formation of the soil microbiota natural
composition. However, this provision needs to be con-
firmed, as there is not enough data on the growth, health
condition, productivity, merchantability, and assortment
structure of birch plantations on the post-agricultural
lands. In Finland, birch trees appeared to be very resistant
to H. annosums. str. Obviously, H. annosum . str. needs
pine or spruce trees as afood supply to allow for infesting
living birch trees (Rasanen et al. 1985).

The aim of the study was to compare the productiv-
ity, merchantability, assortment structure and value of
timber volume by different types of assortments of pine
stands affected by annosum root rot for trees growing in
therootrot disease centers and for trees growing between
the centers in the Volyn Polissya zone. Also, the aim of
the study was to compare the above mentioned values for
infected pine stands and for healthy birch stands in the
same forest site conditions for possible substitution of
pine stands by more root rot resistant birch plantations.

2. Material and methods

The study was conducted in pine forests of the State
Enterprise “Gorodotske Forest Economy”; the enterprise
is in a jurisdiction of State Forest Resources Agency of
Ukraine and is located in Volyn Polissya of Ukraine. The
climate of the region is moderate continental with mild
winter and warm summer. The average temperature is
—4.7 °C in January and +18.5 °C in July. The absolute
minimum is —39 °C, the absolute maximum is +39 °C.
The period with a temperature above+10 °Cis 150— 160
days. The sum of active temperatures for this period is
2,495 — 2,580°. Precipitations are 550 — 640 mm per a
year; most of them come in summer, the least in winter.

The Volyn Polissya zone has widely occurring gla-
cial and karst forms of relief and valley landscapes.
The zone is characterized by excessive moistening and
development of the water-logged lands and bogs; there
are numerous (over 200) lakes and large forested areas.
The bottom-lands of mixed forests zone (45%), meadow-
bog landscapes (about 10%) and moraine-frontal plains
are prevailing here, in particular, the Volyn range. Among
pre-Quaternary deposits, cretaceous rocks are prevail-
ing, which determine the development of karst forms of
relief: lake basins, karst funnels, and humus-carbonate
soil formation (Marinich et al. 1985).

The total area of forests of Volyn Polissya is over 2,300
thousand ha. The area of forest plots covered with forest
vegetation in the State Enterprise “Gorodotske Forest
Economy” is 28,240.5 ha. Scots pine is the main forest
forming tree species; it occupies near 68% of the area
covered with forest vegetation (Source: Production Asso-
ciation “Ukrderzhlisproekt™).

To evaluate the merchantability and assortment
structure of middle-aged artificial pine plantations
affected by annosum root rot, 9 sample plots were estab-
lished in the stands, containing infected and dead trees
(disease centers); the stands were at age of 51, 61 and
75 years. Additional 9 sample plots were established as a
control in a relatively healthy part (i. e. without evidence
of deterioration) of these stands (the area between the
disease centers) (Fig. 1).

The number of replications is three for each of three
age classes (with an interval of 10 years).

Purebirch stands are resistant against annosum root
rot. From this view, one sample plot was laid out on aban-
doned arable lands in the 51-year-old undamaged birch
stand (Fig. 2) to compare health, growth and productivity
characteristics with that of diseased pine stands.

For birch and pine stands affected by the root rot,
assortment structure was compared and a value of tim-
ber was assessed.

The area of sample plots is 0.5 ha on average and the
number of the dominant trees is above 200 trees on each
plot (Anuchin 1982). Therootrot disease centerisanarea
occupied by a group of declining (severely weakened) and
dying trees including clearings resulting from sanitary
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Fig. 2. 51-year-old birch plantations.

cutting of the trees affected by annosum root rot. The
area between the disease centers is a viable part of the
stand, not disordered by the pathogenic loss of grow-
ing trees. The disease-produced loss of forest comprises
veryweakened and dying trees and fresh and old standing
dead trees.

Enumeration survey (including breast height diam-
eter and tree height mensuration) was performed in all
sample plots by 4-cm categories based on DBH (8—12-16
—20 cmetc.; Anuchin 1982). The trees were grouped into
three categories according to the merchantability, as fol-
lows: merchantable trees — the total length of merchant-
able part at the bottom of the trunk is 6.5 m and longer,

98

semi-merchantable trees — the length of merchantable
part at the bottom of the trunk is from 2 to 6.5 m, fuel-
wood trees — the length of merchantable part at the bot-
tom of the trunk is less than 2 m.

The health condition of trees was estimated using
6 categories as follows: I — trees without evidence of
decline, II — weakened trees, Il — severely weakened
trees, [V —dying trees, V — standing dead trees died over
the present year, VI—standing dead trees died over recent
years (Sanitary Forests Regulations 2016). The degree of
stand damage is characterized by health indicator, which
was calculated using the formula [1]:
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I, = Kin, + K2n2N+ o+ Kgng 1]
where: I — health indicator of the stand; K, ..., K — category
of the health condition of the trees (from [ to VI); Ny ees = the
number of trees of given category of the health condition; N —
the total number of trees on the sample plot.

The trunks of merchantable trees are divided into
three dimensional and qualitative categories, depending
on the diameter of the trunk segment in the upper sec-
tion without bark: large-sized — 25 cm or more, medium-
sized — from 14 to 24 cm, and small-sized — from 6 to
13 cm. Round merchantable timber logs were grouped
into assortments according to their intended purpose:
building timber, which is used for wooden shipbuilding,
piles, bridges, poles of aerial lines of communication; saw
logs, which are the raw materials for lumber production;
mine timber, which is the timber for excavation support;
pulpwood, which is assortment for the production of cel-
lulose and wood pulp; veneer logs used for veneer pro-
duction, which is then used in plywood, furniture and
other industries.

Absolute and relative stand density was determined
by using the tables according to Shvydenko et al. (1987).
Thetotal stock volume per hectare was estimated accord-
ing to the tables of Nikitin (1984) and Strochinsky et al.
(2007a, b) for young and middle-aged stands cruising.

Merchantability of the stands was estimated by the
ratio of merchantable and fuelwood trunks and by the
subsequent division of the stock into qualitative and
quantitative categories (timber by size categories and
grades, industrial raw materials, fuelwood, waste) (Niki-
tin 1984). The merchantability was estimated by the for-
est mensuration results, using assortment tables, which
are used during the inventory evaluation of the felling
areas (Nikitin 1984).

The comparison of cost estimations of the stands
assortment structure was carried out on the basis of the
economic benefit that can be obtained from the sale of
the timber at current selling prices (Pearse 1990; Syn-

yakevych 1996). The prices correspond to the average
selling prices of the State Enterprise “Gorodotske For-
est Economy” of Volyn Regional Department of Forestry
and Hunting as of 2017, taking into account the quality
and the average length of the assortments.

Merchantability of a stand is attributable mainly to the
patterns of distribution of the number of trunks by thick-
ness grades, depending on the average diameter of the
tree stand. Therefore, the non-parametric Kolmogorov-
Smirnov goodness-of-fittest (1) (Massey 1951) was used
during the studies of the merchantability of the stands.
For this purpose, two series of empirical distributions
of tree diameters in paired sample plots (in the root rot
disease centers and in the areas between the disease cent-
ers (the control) laid out in pine plantations affected by
annosum root rot were compared and their belonging
to one general population was assessed according to the
formula [2]:

nyn,

A= dmax [2]

ny+n,

where:d —the maximum difference between the values of the
first and second series of cumulative frequencies; n,, n,— the
sums of all variants of the population.

In this case,

P O
max nl nz
where: |pr P2
n Ny

The boundary value of the A test, which depends on
the confidencelevel, was calculated using the formula [4]:

(3]

— the values of the first and the second
series of cumulative frequencies.

1 2
Zln=

ﬂzzp

[4]

where: p — the corresponding confidence level — 0.95; 0.99;
0.999.

Table 1. Mensurational indices for pine plantations in the root rot disease centers and in the control (the area between the disease
centers) and for birch plantations in fresh oak-pine fairly infertile site type.

c

§ 2 % %n = ‘E E E
Composition ~ Part of the stand = »g S g T E 9E Z2g= ° s = 2 A
2 = 2E &7 §T EE2E § B s
& CR- z a o 2 E
) Tiving 770 205 85 2547 05 2201
108 Disease center dead 5 50 182 179 13 0.03 108 20 62
Control living 1185 182 178 3098 074 2605 i’ '
dead 21 10.1 137 047 0 L1 :
S Tiving 458 N7 246 2143 0S8 068,
108p dead 6 132 53 241 656 014 721 .
Contral living 799 70 260 4575 097 5413 "
dead 3 186 226 199 004 208 :
) Tiving 167 376 258 1861 039 2289
105 Disease center dead ’s 80 36 250 752 016 855 29 686
Contal living 191 350 263 4691 098 5614 .
dead 5 26 220 02 0 21 :
o5 Tiving 724 202 220 2308 076 2345 13
Whle sand dead 5 21 15.6 196 039 001 35 _
living 76 205 21 250 006 257 15
18p dead — — — — — — —

Notes: Sp— Scots pine; Sb — silver birch.
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The boundary values of the A test are 1.36, 1.63 and
1.95, respectively.

During the study, mensurational characteristics of
the stands were obtained in the established sample plots,
where the research on merchantability and assortment
structure and the monetary valuation of trunk timber
volumes were made (Table 1).

3. Results

The analysis of A value indicates that the compared
populations of the trunk distribution by DBH catego-
ries, depending on the average diameter of the stand in
the disease center and in the control, belong to different
general populations and are described by different curves
(1=4.62...6.86>1.95), that is, the probability of differ-
ences exceeds 99 % level (Table 2).

Wood losses by the total volume due to dying of trees
caused by the disease increase considerably with aging.
In artificial pine plantations of the age class VI, grow-
ing in the same forest site conditions, the total volume of
trunk timber in the root rot disease centers is 7% less in
comparison with the stand growing in the area between
the disease centers; in the stands of the age classes VII
and VII1, it is 39% and 57% less, respectively (Table 2).
In total, in the 51-year-old pine stand, annosum root rot
did not cause serious damage. In addition, the average
diameter of this stand is 11% and the average height is
4% higher in the disease center than in the control.

Astheageincreases, theyield of the timber increased
inboth parts of the investigated stands: from 74 % to 83%
inthe area between disease centers and from 74 % to 78 %
in the disease centers. However, in the last, the yield of
industrial raw materials decreases from 8% to 6% and of
fuelwood, from 9% to 7%. In the areas between annosum
root rot centers, the decrease is from 7% to 3% and from
9% to 5%, respectively. This difference is not significant.

In the 61-year-old pine stand, unlike other investi-
gated stands, the yield of the timber is the maximum
both in the centers of the disease (84%) and in the areas
between the centers (82%), and theyield of industrial raw
materials is almost the same (only 1% and 2%, respec-
tively). This is due to the selective sanitary felling carried
outinthis stand ayear before the laying out sample plots.

The birch-pine stand differs from other investigated
stands by a considerably smaller proportion of timber —
59% only—and, respectively, alarger proportion of indus-
trial raw materials (18%) and fuelwood (15%).

The medium-sized timber is prevalent in the pine
plantations of the age classes VI — VII and in the birch-
pine plantations; in the pine stands of age class VII, the
large-sized timber does (Fig. 3).
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Fig. 3. Distribution of timber volume of pine and birch-pine
forest plantations by size category.

As the age of pine plantations increases, the propor-
tions of medium and small-sized timber decrease both
in the disease centers (from 71 to 25% and from 20 to
2%, respectively) and in the parts of the stand between

Table 2. Merchantability and assortment structure of the investigated stands.

- Timber Low-grade wood

5 S g Size Timber distribution by assortments = = =
s £ i =z g ., » 2 2 8 Z Z% % E®¥ % =
Dicaccmer s MR 15 12 3 T2 2 — 3B 1 10 1 2 W 2 20
51 % 6 53 15 44 9 — 14 6 14 8 9 o1 10 100
Contrl g Mmho T 14 S 103 15— 4 17 4 15 21 23 25
% 3. 50 21 46— 0 1 14 7 9 90 10 100
Diomecomer s, What 85 166 20 12 88— 19 12 21 4 16 91 33 3
6 Py % 52 6 4 U — 6 4 g 1 s 90 10 100
Contral g MWho U6 B 36 251 16 — % 2 45 1 B 45 B8
% D A S Y U 2 6 9 10 100
Diaccner Sp  Mh W0 &4 e 16 — 3 4 193 15 17 25 2 M
s % 6 20 2 24 51 — 1 2 18 6 7 91 9 100
Contrl g MWho 307 1713 1m0 — 1 B34 15 s 55 S
% a7 2 30 49— 2 2 g 3 s 91 9 100
5, wha  — 16 4 B 1 — 4 2 X 3 326 3
Py — S5 14 45 3 — 14 7 6 10 10 8 11 100
wha' 7 97 2 2 14 8 — 10 126 4 34 201 16 217
51 Wholestand  §b "y 3 45 10 10 6 3 — 5 58 19 16 9% 7 100
g mhel 7 13 2% 35 15 80 4 12 6 44 3 22 19 26
% 3 46 10 14 6 3 2 5 59 18 15 9 8§ 100

Notes: Sp— Scots pine; Sb — silver birch.

100



S. Musienko et al. / Cent. Eur. For. J. 64 (2018) 96-103

the centers (from 67 to 33% and from 29 to 3%, respec-
tively). Instead, the portion of large-sized timber grows
significantly: from 9% to 73% in the disease centers and
from 4% to 64% in the areas between the centers.

Merchantability structure of birch-pine plantations is
dominated by the medium-sized timber (77%). The pro-
portion of small-sized timber is 18 %, and large, 5% only.
However, the merchantability and assortment structure
of such plantations canbe significantly improved, assum-
ing thatintermediate felling is timely. In pine plantations,
both in the disease centers and in the areas between the
disease centers, the proportion of saw logs increases with
aging —from 12 to 65% and from 8 to 59%, respectively.
The yield of small-sized wood assortments decreases:
for the mine timber, from 19 to 2% and from 27 to 2%,
respectively, and for the building timber, from 60to31%
and from 56 to 36%, respectively. In birch-pine planta-
tions, veneer logs and building timber prevail among
assortments, which account for 55% and 24 %, respec-
tively. The share of saw logs is only 10% of the timber
volume. The value of the pine stand volume in the disease
centers is reduced due to the negative impact of the root
rot and is much smaller compared to that for the part of
stand between the centers (Table 3).

The difference between the values of pine stand
volume in the centers of forest decline and in the sites
between the centers increases with age. It is 1% in the
stand of age class VI, 36% in the stand of the age class
VIl and amounts to 57% in the VIII age class forest stand
in favor of the healthy part of the stands (Table 4). In
absolute terms, the difference in the volume values for
affected and healthy parts of the stands increases with
aging —from 40.7 EUR in the stands of the age class VI
to 9471.6 EUR in the stands of the age class VIII.

The main part of the value structure of all studied
plantations is the timber, which is the most valuable.
With the aging, the value of the timber of pine planta-
tions grows both in absolute and in relative terms. The
share of the timber value increases from 90 to 95% in the
centers of annosum root rot disease and from 90 to 97%
in the part of the stands between the centers.

The proportion of the timber value in birch-pine plan-
tations (83%) is lower than that in artificial pine planta-
tions of the appropriate age, while the parts of industrial
raw materials and fuelwood (9% and 8%, respectively),
on the contrary, are higher (see Table 3).

Table 3. Monetary valuation of trunk timber volumes by 1 ha of pine and birch stands, EUR.

Timber
2 o Assortments _ =
=S > = s S » =
o E e 8 5 £ i 5 = g = E g 5
25 £ 2 g e =2 £ £ E = EE 2 g
= 3 & g e : & 3§ ¢ & £z 2 T
£ s £ 5 3 &g £ E E
/M
Volume [m?] 102 21 — 33 14 170 18 20 208
Diseasecenter ~ Sp  Cost [EUR] 24.8 41.2 — 13.5 12.5 — 12.8 9.6 —
51 Value [EUR] 2529.6 865.2 445.5 175.0 40153 230.4 192.0 4437.7
Volume [m?] 103 15 — 49 17 184 18 21 223
Control Sp  Cost[EUR] 24.8 41.2 — 13.5 12.5 12.8 9.6 —
Value [EUR] 2554.4 618.0 661.5 212.5 4046.4 230.4 201.6 4478.4
Volume [m?] 152 88 — 19 12 27 4 16 291
Diseasecenter ~ Sp  Cost [EUR] 24.8 41.2 — 13.5 12.5 — 12.8 9.6 —
61 Value [EUR] 3769.6  3625.6 256.5 150.0 7801.7 51.2 153.6 8006.5
Volume [m?] 251 126 — 36 22 435 12 28 475
Control Sp  Cost[EUR] 24.8 41.2 — 13.5 12.5 — 12.8 9.6 —
Value [EUR] 62248 51912 — 486.0 275.0 12177.0 153.6 268.8 12599.4
Volume [m?] 60 126 — 3 4 193 15 17 225
Diseasecenter ~ Sp  Cost[EUR] 24.8 41.2 — 13.5 12.5 — 12.8 9.6 —
75 Value [EUR] 14880  5191.2 — 40.5 50.0 6769.7 192.0 163.2 71249
Volume [m?] 172 280 — 12 13 4717 15 29 521
Control Sp  Cost[EUR] 24.8 41.2 — 13.5 12.5 — 12.80 9.6 —
Value [EUR] 4265.6  11536.0 162.0 162.5 16126.1 192.0 278.4 16596.5
Volume [m’] 22 14 80 — 10 126 41 34 201
Sb  Cost[EUR] 254 29.8 31.2 — 11.6 — 10.0 10.3 —
Value [EUR] 558.8 417.2 2496.0 — 116.0 3588.0 410.0 350.2 4348.2
51 Whole stand Volume [m?] 13 1 — 4 2 20 3 3 26
Sp  Cost[EUR] 24.8 41.2 — 13.5 12.5 — 12.8 9.6 —
Value [EUR] 3224 41.2 — 54.0 25.0 442.6 38.4 28.8 509.8
Y Value[EUR] 881.2 458.4 2496.0 54.0 141.0 4030.6 448.4 379.0 4858.0

Notes: Sp — Scots pine; Sb — silver birch.

Table 4. Comparison of the values of pine stands volumes in the disease centers and the control (areas between the disease cent-

ers) in euro.

Age [years]
Commercial grade 51 61 75
Disease center _ Control Difference  Disease center  Control Difference  Disease center  Control Difference
Timber 4015.3 4046.4 311 7801.7 12177.0 43753 6769.7 16126.1 9356.4
Industrial raw materials 230.4 230.4 — 51.2 153.6 102.4 192.0 192.0 —
Fuelwood 192.0 201.6 9.6 153.6 268.8 115.2 163.2 278.4 115.2
Total 4437.7 4478.4 40.7 8006.5 12599.4 4592.9 7124.9 16 596.5 9471.6
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In artificial pine plantations, the total value of mer-
chantable wood in the part of stands in the areas between
rootrot disease centers is42% higher compared with that
in the disease centers. For the period from VI to VII age
class, the value of merchantable wood of the first genera-
tion pine plantations increases in 1.6 — 1.8 times in the
disease centers and in 3.7 times in the control.

4, Discussion

Our results suggest a significant influence of annosum
rootroton absolute andrelative indicators of assortments
yield and value of pine stands. These findings comply
with the results of the other studies. For example, Lapitan
et al. (2013) who conducted research in the neighbor-
ing region, Novgorod-Siverske Polissya, noted that in
maturing and mature pine stands, the stock volume had
decreased by an average of 24% and 33%, respectively,
in the centers of the disease. Our data show, however,
that in Volyn Polissya, the total yield and the value of
merchantable wood in the disease centers of artificial
pine plantations affected by the root rot are even less,
by 42% as compared with the part of the stands between
the disease centers. All researchers agree that this nega-
tively affected the distribution of assortmentsyield. Thus,
Lapitan et al. (2013) indicate that in the disease cent-
ers, the yield of saw logs had decreased, on average, by
41% in maturing pine stands and by 50% in mature ones
compared with that in sites between the disease centers.
Instead, fuelwood yield had increased by 44% and 38%,
respectively. In general, losses from annosum root rot
damage are 40% of the total value of the wood in matur-
ing stands and 49% in the mature ones. According to
our study in maturing stands in the Volyn Polissya zone,
this indicator is similar to that obtained by Lapitan et al.
(2013) and makes 42%. The studies conducted in Eastern
Polissya of Ukraine (Vedmid et al. 2013) testify that the
growing stock and timber value of pine stands decrease
even more, by 1.5 — 2 times, in the root rot centers in
comparison with that in the part of the stand between
the centers.

According to Vedmid et al. (2013), birch stands have
abetter health condition as compared with the pine plan-
tations in the declined sites, but the value of the “realiz-
able” volume of their trunk timber is 1.2 — 1.9 times less.
At the same time, the authors note that the practicabil-
ity of growing first-generation birch plantations in the
formerly arable lands could be justified in the relation of
forestry and biology as a preventive measure to create the
preconditions for the further development of indigenous
pine forest stands. Our results in Volyn Polissya indicate
the higher value of merchantable wood of the middle-
aged (51 years old) birch-pine plantations as compared
with pine stands of the same age: by 9% in the disease
centers and by 8% in the areas between the disease cent-
ers (see Table 3). This is due to the high value of birch
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veneer log, which is the main product getting during the
birch stands cultivation, while the proportion of saw logs
in pine stands of the age class VI is small.

Since birch plantations are almost not established
at the enterprise “Gorodotske Forest Economy”, a com-
parative analysis of merchantability and assortment
structure of artificial plantations for other age classes is
not possible. Comparison of the merchantable structure
of pine plantations with natural birch stands, the area of
which at the enterprise is 6%, is incorrect.

Consequently, all researchers agree that annosum
root rot essentially affects the state, productivity, mer-
chantability, and assortment structure of pine stands.

Thus, analysis and synthesis of the results obtained
allow recommending the creation and cultivation of
birch-pine plantations in Polissya on cutting areas after
pine stands affected by annosum root rot. These planta-
tions have the higher productivity and value of merchant-
able wood as compared with pure pine plantations of the
appropriate age. Provided that the intermediate felling is
donein atimely way, the productivity of the mixed birch-
pine plantations and, consequently, the economic effi-
ciency of their cultivation can be improved greatly. Crea-
tion of pure pine plantations on the cutting areas after
pine stands affected by annosum root rot is inadvisable,
since there is a danger of re-infection of the tree stands
(Ladeyshchikova et al. 2001, Mikhailichenko et al. 2014).

5. Conclusion

Annosum root rot negatively affects the productivity,
merchantability and assortment structure of artificial
pine stands of Volyn Polissya. The total yield and the
value of merchantable wood of artificial pine plantations
affected by annosum root rot are 42% less in the disease
centers than that in the areas between the disease cent-
ers. Thevalue of merchantable wood volume is higher on
average by 8.5% in the middle-aged birch-pine planta-
tions than in pine stands of the appropriate age affected
by the disease. In Volyn Polissya, it is useful to establish
and grow birch-pine plantations on the cutting areas after
pine plantations affected by annosum root rot.
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