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Discolouration during drying is one of the biggest problems for birch wood in the wood remanufacturing industry.
In the future, an increasing proportion of sawn birch timber will be obtained from plantation forests, which in many
respects differ from natural forests. In the paper, the appearance of discolouration in sawn birch timber is discussed.
Two plantation stands were selected for experiments on conventional and vacuum drying of sawn timber. The lightest
colour on the surface layer of the boards was obtained with conventional drying after felling the trees and drying the
boards in winter. On the other hand, colour defects, i.e. the difference in colour between inner wood and surface layer,
were the greatest in winter. Differences in discolouration between the drying methods were observed. Physiological changes
in trees between seasons and during temperatures below freezing were assumed to cause seasonal differences in

discolouration.
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Introduction

Discolouration of birch (Betula pendula, B. pubes-
cens) wood during drying causes financial losses in the
mechanical wood industry, particularly when valuable
light-coloured timber assortments such as sawn timber
or billets for parquet or furniture are produced. In fact,
entrepreneurs who deal with birch wood consider dis-
colouration to be the most important problem in further
processing of sawn timber (Kivistd et al. 1999). Discol-
ouration occurs irregularly, usually in the middle of the
sawn timber while the surface layer remains light (Pauk-
konen et al. 1999, Luostarinen and Luostarinen 2001).
The reasons for discolouration are thought to be relat-
ed to the extractives the wood contains and the sched-
ule used for drying the wood. Research on discoloura-
tion of sawn birch timber has so far concentrated on
wood coming from older naturally regenerated forests,
but lately questions about the properties of wood from
birch plantations have also arisen.

Since the 1960’s, when birch planting started on
a larger scale in Finland, nearly 200 000 hectares of
birch have been planted (Peltola 2003). Planting sites
have been mostly forest clear-cutting areas of high
fertility and abandoned agricultural fields on mineral

soil. In comparison with naturally regenerated birch
stands, the initial development of birch plantations has
been faster and the regeneration result has been more
certain (Saksa 1998). In addition, the fertility of the
sites selected for plantation may, on average, be higher
than the fertility of naturally regenerated birch forests,
which emphasises the faster growth of plantations. A
marked proportion of naturally regenerated birch is
growing in forests dominated by other species; al-
though birch makes up 16.1% of the total volume of
the standing crop in southern Finland, only 7.3% of
all Finnish forests are birch-dominated (Luostarinen
and Verkasalo 2000). The importance of the birch wood
from plantations for the mechanical wood industry will
increase in the 2010’s at the latest, when the older
plantations will be mature for harvesting. The proper-
ties of wood from planted birches are not known; but
they are thought to differ from those of slower grow-
ing, naturally regenerated trees.

The objective of this study was to investigate the
effect of factors that may contribute to discolouration
of birch (Betula pendula Roth.) wood from plantation
forests during conventional warm-air drying and vacu-
um drying. The factors included were: growing site, fell-
ing season, length of log storage period, and location
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of wood in the trunk. These factors are thought to in-
fluence the occurrence of discolouration, because they
are known to affect the chemical composition and the
amount of wood extractives. The main reason for chem-
ical discolouration with birch wood, as well as with other
hardwood species, is thought to be the oxidation/po-
lymerization of phenolic extractives. The role of proan-
thocyanidin (condensed tannin) in discolouration will
be discussed in detail in the next issue.

Materials and methods

The research material consisted of birch wood
from two different plantation forests in North Carelia,
eastern Finland: 1) a typical forest regeneration area
of high fertility OMT (Oxalis-Myrtillus-type) and 2)
an afforested abandoned agricultural field, both on
mineral soil. The two sites will later be referred to in
this paper as forest site and field site, respectively.
On both sites the age of the trees at the time of fell-
ing in 1999 was 33 years. The basal areas of the trees
in the stands were 14.2 m? and 19.8 m?, and the number
of trees 380 and 480 per hectare on the forest site and
the field site, respectively.

A total of 60 sample trees were felled for the ex-
periment so that ten sample trees from each site were
felled during each of three different seasons in 1999:
summer, autumn and winter. To ensure an adequate
yield of boards during sawing, the largest trees (di-
ameter at breast height at least 19 cm) on both sites
were selected. Only healthy trees with sound (accord-
ing to visual inspection) wood were accepted as sam-
ple trees, which had been determined by checking the
cross-cut ends of logs after felling. Two logs, of 2.5
m long, were cut from each trunk. The first log was
cut beginning at the butt of the tree. The upper log
usually started at the upper end of the butt log; but
in a few cases, when the diameter of the trunk allowed,
the top diameter of the upper log was set at 20 cm.
The logs from the first five trees from both sites were
sawn within five days after felling. To investigate the
effect of storage on discolouration, the remaining 20
logs, ten from each site, were stored eight weeks on
the yard of the sawmill before they were sawed and
dried. Neither the fresh-sawn logs nor the stored logs
were debarked or treated in any other way before saw-
ing or storage.

The weather during the storage of logs in the sum-
mer of 1999 was relatively warm (mean temperature
between 12.6 and 24.6 °C) (Ilmatieteen laitos 1999). In
autumn, the mean temperature at the time of first saw-
ing was about 9 °C, but decreased to below 0 °C in the
end of the storage period. During winter felling, the
mean temperature during the study was mostly below

0 °C, and the logs did not thaw during storage. At the
time of sawing, mean temperatures of —18.6 and —14.0
°C were recorded for unstored logs and for logs stored
eight weeks, respectively (Ilmatieteen laitos 2000, 1999).

During sawing, the boards (30 mm x 70 mm x 1200
mm) were encoded according to site, felling season,
tree number, and longitudinal and radial location in the
trunk. They were dried to 5% target moisture content
by using conventional warm-air drying and vacuum
drying. The conventional drying, carried out at the
University of Joensuu, always started the day after
sawing; but the vacuum drying, carried out at the In-
stitute of Environmental Technology in Mikkeli, could
not usually be started until seven days after sawing.
The kilns used were small computer-controlled labo-
ratory kilns (Brunner Trockentechnik 1992). The dry-
ing schedules were similar to those used earlier with
sawn timber of naturally regenerated birches (Luos-
tarinen et al. 2002). Dry bulb temperatures of 37 — 65
°C and 65 — 82 °C were used during the conventional
and vacuum dryings, respectively. Because discolour-
ation was studied, we did not plan the schedules so
that discolouration of wood would be avoided; rath-
er, we wanted measurable and visible discolouration
to occur.

Spectral measurements of wood were made with
a portable spectrophotometer (Minolta CM-2002) us-
ing 2° standard observer and D, standard illuminant
(Precise color... 1994). The spectrum of reflected light
in the visible range (400 — 700 nm) was measured. From
each sample board, three measurements, avoiding
knots or other extraneous discolourations, were made
and averaged to one observation. The fresh colour was
measured from planed surfaces of boards immediately
after planing. After drying, the original surface of
boards was only thinly planed to get rid of the yel-
lowish surface before final colour measurements of the
surface layer of the boards. The boards were then
spilt-sawn and planed for final colour measurements
of the inner wood.

The three-dimensional L*a*b* colour scale (rec-
ommended in 1976 by the International Commission on
Illumination, CIE), where +a* stands for red, —a*
stands for green, +b* stands for yellow, and —b*
stands for blue, was used to quantify changes in the
tint of the wood (see e.g. Hunt 1998). The L* axis rep-
resents nonchromatic changes in lightness from an L*
value of 0 (black) to an L* value of 100 (white). The
differences in colour between two measurements were
determined by AE_*, which was calculated as follows:

AE % = \[(AL¥)® + (Aa*)? + (Ab¥)?
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where AL*, Aa* and Ab* correspond to differences
in lightness, redness and yellowness, respectively,
between two measurements.

The L*a*b* colour coordinates were examined
separately to determine the differences in the colour
of the surface layer and the inner wood of boards
between different felling seasons, storage periods and
locations of wood in the trunk. The colour difference,
AEab*, of the dried wood was calculated as the differ-
ence between the inner wood and surface layer of
boards in different felling seasons and storage peri-
ods. The data were analysed using the analysis of
variance procedures of SPSS-statistics (SPSS Inc.) to
establish the statistical significance of colour differ-
ences between drying lots. The Tukey’s test and fac-
tor test were used to compare the means of colour
coordinates and also the total colour difference.

Results

The measured differences in lightness (L*) of the
colour of fresh wood between different felling seasons
and between unstored and stored wood were insig-
nificant (Table 1). Fresh wood of unstored planed
boards was lightest in summer and darkest in autumn.
Storage of logs always increased the lightness of wood
but had no effect on redness (a*). In summer the yel-
lowness (b*) of fresh wood decreased during the stor-
age of logs, but in autumn and winter remained about
the same. During summer storage, the moisture con-
tent of logs decreased, which led to a decrease of 32.2
percent in the moisture content of sawn timber, meas-
ured immediately after sawing.

In comparison to the colour of fresh birch wood,
with both drying methods the differences in final col-
our were greater between the different felling seasons
and between unstored and stored wood. After conven-
tional drying, the variation in final colour can be sum-
marised as follows (Figure 1a):

1) The colour of the surface layer of boards was
always lighter and varied more between different fell-
ing seasons and between stored and unstored wood
than did the colour of the inner wood of boards.

2) The colour of the surface layer of boards was
lightest and the least red and yellow in winter. In the
inner wood of boards, the differences in colour be-
tween different felling seasons were minor.

3) In autumn the storage period of logs affected
colour by increasing the lightness and decreasing the
redness and yellowness of both the surface layer and
the inner wood of boards. In summer and winter the
effects of storage period were opposite to those found
in autumn.

Correspondingly, the main results of variation in
wood colour after vacuum drying can be summarised
as follows (Figure 1b):

1) The colour of the surface layer of boards was
always darker than the colour of the inner wood. How-
ever, the difference was visible only in wood from
unstored logs in autumn and in wood from the eight
weeks stored logs in winter.

2) The colour of both the surface layer and the
inner wood of boards was lightest in summer and dark-
est in winter.

3) The storage period of logs usually decreased
the lightness and increased the redness and yellow-
ness of both the surface layer and the inner wood.

Regardless of the felling season or the storage
period of logs, boards were clearly darker after vacu-
um drying than after conventional drying (Figure 1).
In addition, the red colouring of boards, in particular,
was strong during vacuum drying.

In conventionally dried wood, all colour coordi-
nates differed significantly between felling seasons
(Table 2a). Also in vacuum-dried wood, in most cases
the differences observed between different felling
seasons were significant, although the differences,
especially in the surface layer, were not as great as in
conventionally dried wood. In conventionally dried
wood the colour difference (AE_ *) between the inner
wood and the surface layer of boards was greatest in
winter and smallest in summer, and the differences
between different felling seasons were significant. The
effect of storage period of logs on the colour coordi-
nates of dried wood was minor (Table 2b). The signif-
icant effects observed in conventionally dried wood

Felling season - Moisture® Table 1.' L*a*b* colour coordinates
storage N L* 2% b* content. % and moisture content (% of dry

; weight) of fresh boards in different

S-0 37 87.6(0.9) 1.1(0.5) 17.0(1.2) 100.6(12.8) felling seasons sawn from unstored

S-8 22 88.7(1.4) 1.0(0.4) 15.7(1.2) 68.4(12.1) logs and logs stored for eight weeks.

A-0 40 86.1(0.9) 1.0(0.4) 16.2(0.9) 83.4(10.9) Felling seasons and storage of logs:

A-8 26 88.1(1.0) 1.1(0.5) 16.6(0.9) 83.2(10.9) summer (S), autumn (A), and winter

W-0 42 87.0(1.1) 1.0(0.4) 163(1.3) 82.6(7.6) (W); unstored (0) and stored eight
W-8 36 88.6(0.6) 1.0(0.5) 16.4(0.9) 84.1(10.7) weeks (8). Standard deviation in paren-

() moisture content was measured from 20 separate sample boards in each drying lot

thesis

2004, Vol. 10, No. 2 (19) I (SSN 1392-1355

33



BALTIC FORESTRY

I DISCOLOURATION OF SAWN BIRCH TIMBER /.../ DURING DRYING /.../ IEEEEE V. MOTTONEN, K. LUOSTARINEN N

a. conventional drying

b. vacuum drying
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storage of logs as in Table 1

Felling season — storage period

were the increase in redness in the inner wood and
the decrease in yellowness in the surface layer of
boards during storage. In vacuum-dried wood, the
storage period of logs significantly affected all col-
our coordinates of the surface layer of boards. The
effect of storage on the colour coordinates of the
surface wood of vacuum-dried boards was opposite
to that of conventionally dried boards.

The differences in colour coordinates between the
two growing sites were not significant in either con-
ventionally or vacuum-dried wood (Table 2c). The
colour difference between the surface layer and the
inner wood of boards did not differ significantly be-
tween the two growing sites.

The effect of location of wood in the trunk on the
colour of dried birch wood was greater in radial than
in longitudinal direction (Table 3). In the radial direc-
tion, the lightness of the inner wood of boards in-
creased, and the redness and yellowness decreased
from wood near the pith towards that near the trunk
surface. The lightness of the surface layer was great-
est in boards sawn midway between the trunk surface
and the pith. An interaction between the longitudinal
and radial locations in the trunk was observed in the

Felling season — storage period

lightness and the redness of the inner wood of the
boards. This interaction resulted from the fact that the
difference in lightness and redness of the inner wood
of boards taken from near the pith and the inner wood
of boards taken from near the trunk surface was great-
er in the upper log than in the butt log.

Discussion and conclusions

Differences in the fresh colour of planted birch
wood between different felling seasons were slight.
The observed differences in yellowness seemed to be
related to the moisture content of the wood, the yel-
lowness decreasing with decreasing moisture content,
although the dependence of colour on the moisture
content could not be tested statistically due to sepa-
ration of sample boards for measurements of fresh
colour and the moisture content. On the other hand,
regardless of changes in the moisture content, during
the eight-week storage period of the logs the light-
ness of fresh wood increased in all seasons. With re-
gard to lightness, the results obtained here are simi-
lar to those reported by Luostarinen ef al. (2002) for
naturally regenerated birches. In general, due to the
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Table 2. L*a*b* colour coordinates of inner wood (i) and surface layer (s) of boards in the two drying processes by a)
felling season, b) length of the log storage period and c) growing site. Within drying process, means followed by the same

lowercase letter do not differ significantly (i=0.05). Standard deviation in parenthesis

a)
Drying process  Felling season N Li* L* ai* ag* bi* by* AEq*
Conventional Summer %9 80.8a 82.1a 38a 35a 194a 199a 19a
(1.3) (1.4) (0.5) (0.6) (1.0) (1.3) 0.9)
Autumn 96 81.7b 852b 35b 2.6b 183b 16.5b 42b
(1.6) (1.6) (0.5) (0.6) (0.9) (1.7) (1.9)
Winter 105 80.7a 86.6¢ 4.1c¢ 2.1¢ 18.7¢ 149¢ 73¢
(1.6) (1.7) (0.6) (0.9) (1.1) (1.0) (1.8)
Vacuum Summer 40 78.6a 783 a 43a 44a 197a 194a 2.0a
(1.6) 2.1) (0.6) (0.6) (1.3) (1.2) (1.0)
Autumn 40 779a 769b 4.8b 51b 20.5b 205b 19a
(1.7) (2.0) 0.7) 0.9) (1.6) (1.5) (1.0)
Winter 40 76.7b  15.7¢ 57¢ 6.6c¢ 219¢ 209b 32D
(1.7) (2.3) (0.8) (1.3) (1.6) (1.6) (1.0)
b) Length of log
Drying process  storage period N L;* L,* a;* ag* bi* b* AEq*
Conventional 0 weeks 145 81.2a 84.7a 3.7a 2.7a 187a 174a 44a
(1.3) 2.3) (0.5) (1.0) (1.1) (2.6) (2.6)
8 weeks 145 809a 84.8a 39b 2.6a 189a 16.6b 50a
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ (1.8) .25 ...©Q7 09 (L1 23 29
Vacuum 0 weeks 60 78.0a 77.5a 49a 5.0a 20.7 a 199a 22a
(2.1) 2.3) (1.0) (1.0) (2.0) (1.6) (1.2)
8 weeks 60 77.4a 764b 51a 58b 20.7a 20.6b 25a
(1.5) (2.3) (0.7) (1.5) (1.4) (1.6) (1.5)
)
Drying process  Growing site N L;* L,* a;* a* b;* b,* AE,,*
Conventional Forest 144 81.0a 84.7a 38a 28a 188a 17.1a 46a
(1.5) 2.5) (0.6) (1.0) (1.1) (2.6) (2.6)
Field 146 8l.1a 849a 38a 2.6a 18.8a 169a 4.8a
1€ (1.6) (2.4) (0.6) 0.9) (1.1) (2.3) (2.9)
Vacuum Forest 60 77.6a 77.0a 50a 53a 20.7a 20.0a 23a
(1.5) 2.2) (0.8) (1.1) (1.7) (1.4) (1.1)
Field 60 779 a 77.0 a 5.0a 55a 20.7a 205a 24a
(2.2) (2.5) (1.0) (1.5) (1.8) (1.7) (1.6)
Table 3. Effect of Location in the trunk N L* a¥ b*; L* a*, b*;
wood location in the
ik onselor 8o g
and surface layer (s) of Near pith 65 80.8 4.1 19.1 84.3 2.9 17.3
b Y Middle 49 80.8 3.9 18.9 85.1 2.6 16.6
oards, and the results
of Factor tost Trunk surface 72 813 36 184 849 25 167
Upper log
Near pith 39 80.3 43 19.5 84.4 3.1 17.6
Middle 25 81.3 3.8 18.8 85.5 2.5 16.6
Trunk surface 38 819 34 184 850 2.4 17.0
Factor test results'”
Flongitudinal 2.4 0.9 0.0 0.2 0.0 0.2
Fradia 13.4%% 4280  19.0%F  33%  120%F 37
Fin[eraction 3.3* 4.0* 2.7 0.1 0.7 0.3

Odfingiudgina = 1; and dfugia= 2
@Significance levels are indicated by asterisk**, P<0.01; and *,P<0.05
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insignificant differences in colour, discolouration of
birch boards during drying cannot be predicted on the
basis of their fresh colour.

Even relatively slight differences in the colour
coordinates measured in dried sawn birch timber from
different felling seasons proved to be statistically sig-
nificant. All the differences measured, especially dif-
ferences in redness and yellowness, are not necessar-
ily easily detected by a human observer, although
lightly tinted shades can be more readily distinguished
than deeply saturated shades (Popson et al. 1997).
Nevertheless, the colour differences observed here are
important when the physiological or chemical basis of
the discolouration is considered. According to our
experience, a colour difference of AEab* = 1.8 or greater
between two separate samples of birch wood is dis-
tinct.

The lightest colour of the surface layer of boards
in conventional drying was produced in winter and
also in autumn when the logs were stored until frosty
weather. Smith and Herdman (1996) also obtained the
lightest surface layer in boards of sugar maple (Acer
saccharum Marsh.) felled in winter when low-temper-
ature and low-humidity kiln drying was used. In most
applications in the birch wood industry, however, the
light surface layer of the board alone is not sufficient,
because the dried sawn timber must be sawn into thin-
ner specimens where both the surface and inner lay-
ers of the original block can be seen. It was observed
in this study for planted birch, as in earlier ones for
naturally regenerated birch (Luostarinen et al. 2002,
Luostarinen and Luostarinen 2001, Paukkonen et al.
1999) and for sugar maple (McMillen 1976), that dark-
ening of the wood during drying is stronger in the
interior of boards than in their surface layer.

A light margin is thought to result from consider-
able drying of the surface layer at low temperature
before artificial drying begins (Luostarinen ef al. 2002,
McMillen 1976). Paukkonen ef al. (1999) also presumed
that, at the beginning of the drying process, too-in-
tensive drying of the surface layer compared to the
interior of the boards, for example, due to high tem-
perature, may lead to a break in the capillary connec-
tion of water between the surface and the interior of
the boards. This, in turn, may increase the discolour-
ation of wood below the dry surface layer. In this
study, the visibility of the light margin depended on
the felling season of planted birch and, in autumn, also
on storage of logs. In summer virtually no margin was
detected, but in winter there was a clear margin.

The observation that the perceptibility of the
margin differed between felling seasons may, in addi-
tion to premature drying of surface layer of boards,
be due to freezing of water in the wood in winter.

During freezing, only free water in the liquid fraction
is capable freezing; and with decreasing temperature,
the water of the cell walls freezes to ice crystals in the
cell cavities (see e.g. Kiibler 1962, Skaar 1988). This
phenomenon is reversible, but a distinct hysteresis has
been observed. It is probable that at the beginning of
conventional drying a part of the formerly frozen wa-
ter in the cell cavities, especially near the surface of
the boards, may be removed relatively rapidly from the
board without returning to the cell wall. This, in turn,
may lead to too intensive drying of the surface layer,
which remains light in colour, and affects various chem-
ical reactions, causing discolouration in the inner parts
of the board.

The darker wood obtained after vacuum drying,
compared to that after conventional drying, was ob-
viously due to the fact that the temperature was al-
ready too high at the beginning of the vacuum drying
process. However, despite the darker colour of vacu-
um-dried boards, their colour was more uniform
throughout the different layers of the boards. The light
margin of the boards obtained with conventional dry-
ing was not formed at all after vacuum drying. In fact,
during vacuum drying the surface layer tended to
darken more than the interior of the boards did. These
results indicate that the mechanism of discolouration
during vacuum drying differed from that in conven-
tional drying, as Wastney et al. (1997) also assumed.

Regardless of felling season, storage had a
stronger effect on the colour of the wood when it was
vacuum-dried than when it was dried conventionally.
The effect of storage was surprisingly small in sum-
mer, even though discolouration of fresh birch round
timber due to prolonged storage in the forest before
artificial drying is well known (see e.g. Verkasalo 1993).

The location of wood in the trunk had a greater
impact on colour than the growing site. The radial
location of the wood in the trunk clearly affected the
colour, the wood being lighter and less red and yel-
low near the trunk surface. More chemical components
affecting wood colour may be concentrated in older
wood near the pith than in wood near the trunk sur-
face, although distinct heartwood, in the ordinary
sense, is not formed in birch. The colour differences
in the radial direction were greater in the upper than
in the lower parts of the trunk.

Birch wood used in the mechanical wood indus-
try should be light and uniform in colour. The drying
schedules used in this study were adjusted to form
some discolouration. Therefore, the results obtained
here do not represent the overall colour of birch wood
from plantation forests obtained with the normal dry-
ing practices used in the mechanical wood industry.
However, the results clearly show that the factors stud-
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ied here, especially felling season and storage of logs,
contribute to discolouration of birch wood. Further-
more, the effect of these factors on discolouration of
birch wood seems to differ with different drying meth-
ods. Therefore, additional research is needed to clar-
ify the physical and chemical factors associated with
discolouration of birch wood during drying.
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BALTIC FORESTRY
I DISCOLOURATION OF SAWN BIRCH TIMBER /.../ DURING DRYING /.../ INEEEEEEE V. MOTTONEN, K. LUOSTARINEN [

OBETOU3ZMEHEHME JPEBECHUHbBI BEPE3bI (BETULA PENDULA) 3ATOTOBJIEH-
HOM B HCKYCCTBEHHO CO3JIAHHBIX JIECAX, B XOJIE CYIIKH: BJIUSHUE
MECTA IMPOU3PACTAHUSA, CE3OHA JIECO3AT'OTOBKH U CITOCOBA XPAHEHMUSA
HA OBECIIBEYMBAHUE JAPEBECHUHbI

B. Mérrénen, K. JlyocTtapunen
Pe3siome

IIBeTon3MeHeHne Oepe30BOil APEBECHHBI B XOJ€ CYLIKHM SBJISETCS OJHOW M3 CaMbIX OOJNBIIMX HpoOieM
JiepeBoIiepepadarTsIBaoIell MPOMBIIIICHHOCTH. B Oymymem Bce Gonbire o0beMbl 0epe30Boil ApeBeCHHbI OyIyT MOCTYIAaTh
U3 UCKYCCTBEHHO INOCAXKEHHBIX JIECOB, KOTOPHIC BO MHOI'MX OTHOIICHUAX OTIIMYAIOTCA OT €CTECTBECHHBIX. B llaHHOl‘f'I ny6nm<aum/1
paccMaTpHUBaeTCsl BETOM3MEHEHNE MUIOMaTepHanoB O0epe30BOoi JpeBeCHHBI. J[Is CpaBHHUTEIBHOTO JKCIIEpPUMEHTA
TPAIUIMOHHON W BaKyyMHOU CYIIKM JAPEBECHHBI OBUIM BBIOPAHBI JIBa Y4acTKa MCKYCCTBEHHO CO3/AHHEIX JiecoB. CaMblit
CBETJIbII LIBET IOBEPXHOCTHOTO CJIOS MTHJIOMaTepraa ObUl MOITYYeH IPU TPAJUIMOHHON CYILIKE, [T0CIE 3arOTOBKH JPEBECHHBI
U CYLIKHM NMUJIOMaTepuaioB B 3uMHee BpeMms. C Ipyroi CTOpPOHBI, LIBETOBbIC AC(EKTbI, T.C. PA3HUIA B IIBETE MEMKIY
BHYTPEHHUMH M BHEIIHMMH CJIOSIMU JIPEBECHHBI, Ipeolriatany Kak pa3 B 3uMHee Bpems. HaOmonanach pasHula B CTEIEHH
W3MEHEHUs [IBeTa NP IPUMEHSHNH Pa3HBIX BHIOB cymiku. [Ipenmnonaraercs, 4to GpU3HOIOTHYECKHE U3MEHEHNS JIEPEBEEB B
MEKCE30HBE U IIPU TEMIIepaTypax HIDKE 3aMEP3aHHsl BHI3BIBAIOT CE30HHEIE Pa3JINUHs B [IBETOM3MCHEHHH.

KirioueBble c10Ba: HCKYCCTBEHHO CO3JIaHHBIC Jieca, Oepe3a OopojaBuaTasi, [IBETOM3MEHEHHE JAPEBECHHBI, CYIIKa
JIPEBECUHBI
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