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396 Scots pinc (Pinus sylvestris L.) trees growing at the highway sides were investigated. The monitoring parameters
(statc of tree tops, amount of dry branches, crown defoliation and foliage discolouration, ncedle retention cte.) were
cvaluated by using the international forest monitoring mcthods (Manual on mcthods...,1994).

The results illustrate that pinc trces growing at the farthest distance (450-500 mctres) from the highway have the
best health condition (mcan crown defoliation 24.842.2%) as comparcd with pincs growing closest to highway (dcfoliation
42.9+1.5%). Amount of dcad branches depends on the distance from the highway as follows: at thc samplc plots (SP) of
monitoring closest to the highway — 28.3+1.2%, furthest — 13.741.8%. State of pinc tops is good - at all SP morc than

80% of the hecalthy trce tops has been estimated.
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Introduction

Transport pollution - the largest source of pol-
lutants in Lithuania - is gradually increasing. The larg-
est share of traffic emission is comprised by carbon
monoxide (CO) - 258 thou. tons, hydrocarbonates
(C.H,) - 60 thou. tons, nitrogen oxides (NO ) - 36 thou.
tons and sulphur dioxide (SO,) - 5.5 thou. tons. Cars
tires and other parts wearing out release about 2.4
thou. tons of hard particles (Baltrénas et. al., 1996) to
the environment,

Roadside plantings accumulate pollutants at road-
side and prevent their further distribution. Conifer trees
are very sensitive to atmospheric pollution; therefore
their ecological state can indicate the influence of
pollution on the environment. Crowns of trees have
contact area with the atmosphere several times big-
ger than other plants. The crown’s filter transfers
pollutants five or six times more effectively than oth-
er vegetation.

Trees that grow as forest belts absorb carbon
monoxide, sulphur dioxide and other harmful substanc-
es. They also accumulate heavy metals that are found
in motor transport emissions. Even 3-5 metres of pro-

tective road plantings collect and accumulate about
40-60% of lead and heavy metals from transport emis-
sion (Armolaitis, Bartkevicius, 1996).

The landscape and height of roadbed influence
the distribution of pollutants at the roadsides. When
the height of the roadbed is 0.5-1.2 metres, the larg-
est part of transport emissions fall out at the distance
of 10-25 metres from the roadsides. When the road-
bed is 1.2-1.5 metres, the largest share of pollutants
falls out at the distance of 20-30 metres, although the
concentration of pollutants at the distance of 10-20
metres from the waysides is also high. If the level of
the road driving part is close to the level of surround-
ings, then moving away from the roadside the concen-
tration of transport pollutants evenly diminishes
(Maroue, 1989).

Forests at roadsides serve as cleaning equipment
and are gathering pollutants, which in open fields dis-
tribute in wide areas. The state of the roadside plant-
ings has not been widely investigated; therefore the
Scots pines (Pinus syivestris L.} growing at the sides
of the highway were chosen as the object of this in-
vestigation,

I 2001, Vol. 7, No. 1 {12) I, (55 1392-1355

46



[ Rl NTIONTOF

Material and methods

The aim of investigation is to estimate the health
condition of Scots pine (Pinus sylvestris L.) trees
growing at different distances from the highway “Vil-
nius-Kaunas” according to the main forest monitor-
ing parameters (crown defoliation, foliage discoloura-
tion, the state of tree tops, the amount of dead branch-
es). The following studies were conducted: choosing
the object of study; gathering experimental informa-
tion; estimating the health condition of pines accord-
ing to their crown defoliation and foliage discoloura-
tion, state of the tree tops and the amount of dead
branches in the crowns; estimating of the influence
of transport pollution on pine tree growth.

The sample plots (SP) were selected in forest ec-
osystems at roadsides in the 60-70-year-old pine
stands of 0.7-0.8 stocking level (Pinetum vaceinio-myr-
tillosum forest type; Nb habitat) at different distanc-
es from the roadbed (10-20; 50-100; 150-200; 250-300;
350-400 and 450-500 metres). Each SP was distributed
into 6 assessment subplots (AS) with 6 sample trees
in each of them. The sample trees in each AS were
situated on one line parallel to the highway. The total
number of SP is 11, the total number of AS - 66, and
that of sample trees - 396. All sample trees from the
upper part of the canopy belonging to I-111 Kraft class-
es and situated closest to the subplot centre were
chosen.

Monitoring of Scots pine has been conducted in
the summer seasons of 1998 and 1999. The end of July
and the beginning of August present the most suita-
ble time for forest monitoring (Hanish, Kilz, 1990).
Monitoring parameters (state of trece tops, the amount
of dead branches, crown defoliation, foliage discolour-
ation and needle retention) were evaluated using the
international forest monitoring methods (Manual on
methods...,1994),

The most important tree health condition indica-
tors are crown defoliation and foliage discolouration.

Crown defoliation is not only the loss of the ex-
isting foliage (the natural fall of leaves during autumn
is not considered), but also that part of the foliage
which is possible to form in normal conditions, but did
not form in existing ones. In other words, defoliation
means the loss of compared to the reference tree,
which has full foliage (Manual on methods...,1994).
The reference tree usually is the tree of the same
growth, biosocial class as the sample tree, belongs to
the same type of branching, grows in the vicinity of
the sample tree. The photo of the reference tree cor-
responding to a sample tree according to special at-
lases can be used. We used the special atlases with
reference tree’s photo (Muller, Stierlin, 1990).
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Crown defoliation is generally estimated in 5 per-
centage classes. Defoliation of the whole crown and
of the upper third of the crown is estimated.

The sample trees were divided into five classes
according to their crown defoliation degree: 0 class —
conditionally healthy trees (dcfoliation less or equal
to 10%); Ist class — slightly defoliated trees (11-25%);
2nd class — moderately defoliated trees (26-60%); 3rd
class — severely defoliated trees (61-99%); 4th class
— dead trees (defoliation 100%).

Foliage discolouration - one of the main monitor-
ing parameters - shows a part of needles or leaves (%),
which have changed the colour due to negative im-
pact of external environmental factors. Sample trees are
divided into 4 discolouration classes: 0 class— with-
out foliage changes in colour (discolouration up to
10%); 1st — slight discolouration (11-25% of foliage
has a changed colour); 2nd — moderate discolouration
(26-60%); 3rd — severe discolouration, when over 60%
of the foliage has no natural colour.

Severe crown defoliation and foliage discoloura-
tion show the negative influence of environmental
impact on a tree and indicate their damage {Manual
on methods..., 1994),

Condition of tree top has been scored as follows:
0 — top is healthy; 1- completely broken; 2- damaged;
3- dead.

The amount of dead branches in the crown was
generally estimated in 5 procentage classes. Dead
branches below a live crown are not included. Class-
es of dead branches are the following: 0 — up to 15%,
1- 16- 30%, 2- 31- 50%, 3- over 50% of dead branches.

The average needle retention of pine is indicated
visually at 0.1 year accuracy. For evaluating of nee-
dle retention, 3-4 model branches in the upper one third
of the crown were selected. Age of terminal shoots
containing all needles and the ratio of length of the
last (the oldest) shoot with the remaining needles are
evaluated with the help of binocular.

When crown defoliation is higher than 10%, the
crown defoliation types are defined for each sample
tree. The following crown defoliation types were de-
fined: 1 - top; 2 - under the top; 3 - base; 4 - periph-
eral 5 - inner; 6 - uniform and 7 - window (Igteck+2n,
19906).

Results

The investigation has indicated that trees grow-
ing at the closest distance from the highway were most
defoliated comparing with trees growing at other dis-
tances.

Distribution of sample trees according to classes
of crown defoliation is shown in Figure 1. Even 48%
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Figure 1. Distribution of sample
pine trecs (%) growing at different
distances from highway “Vilnius —
Kaunas” according to classes of
crown defoliation: A - 10-20 metres;
B - 50-100 metres; C - 150-200

° A e
SN 40 A fieo e 50
g | B i 8 a0
o 30 { I ]
5 | i & 30
=20 |9
g« 77| E i = 20
< 10 | H s 10
o] [ N\ L
0 SR . E— I i
0
0 | 2 3

Defoliation class

of sample trees growing at the closest distance from
the highway are severely damaged (3rd class of defo-
liation). 45% of the sample trees belonged to the 2nd
class of defoliation. Only 7% of dead trees (defolia-
tion 100%) were indicated here. Healthy trees that can
indicate the good environment state were not found
here. Health condition of pines growing at the distance
of 50-100 metres from the highway was slightly better
than of these growing at 10-20 metres. At the latter
distance the greatest part (52%) of the examined pines
were moderately defoliated (2nd class), severely defo-
liated trees whose crown defoliation reached 61-99%
comprised 44% and only 4% of the examined trees were
mostly defoliated (4th class of defoliation). Condition-
ally healthy (defoliation up to 10%) trees were not
found at this distance. Health condition of trees at the
distances of 150-200 and 250-300 metres from the high-
way is gradually improving. At the latter distances
conditionally healthy trees constitute 3% and 8%;
slightly defoliated ones — 14% and 19% of sample

Defoliation class

metres; D - 250-300 metres; E -
350-400 metres; F - 450-500 metres

trees; even 61% and 56% are moderately defoliated;
22% and 17% of the sample trees reveal severe defo-
liation, At the distance of 350-400 metres only 7% of
sample pine trees are severely, 33% - moderately, 45%
- slightly defoliated and 15% are conditionally healthy.
Health condition of pines at the farthest distance (450-
500 metres) from the roadbed is best.

The mean crown defoliation of assessed trees at
10-20 metres from the highway reaches 42.9+1.5%. With
increasing distance from the roadside, defoliation de-
creases: at the distance of 50-100 metres the mean
defoliation of sample pine trees reaches 39.2+2.3%, at
150-200 metres distance — 36.7+1.7%, at 250-300 me-
tres - 33.742.2%, at 350-400 meters - 26.7+2.4% and at
450-500 metres distance from the highway the crown
defoliation degree is lowest - only 24.8+2.2% (Fig. 2).

Changes of tree foliage colour due to the surplus
or lack of some elements (nitrogen, potassium, magne-
sium and etc,) high concentrations of atmospheric pol-
lution, impact of fungal disease (Taylor et al, 1991),
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Figure 2. Mean crown defoliation (%) of Scots pine trces
growing at different distances from the highway

droughts (Innes, Boswell, 1991) and other reasons are
widely known and spread in some countries of West
Europe. Discolouration of Scots pine in Lithuanian forest
ecosystems is not common (Ozolincius, Stakénas, 1999).

According to the results of our investigation, at all
distances from the roadbed pine trees of 0 discoloura-
tion class (discolouration up to 10%) predominate. At
the closest distance from highway Scots pine trees of 0
discolouration class make up the greatest part (even 51%)
of sample trees; st class of discolouration (discolour-
ation 11-25%) has been estimated for 49% of sample trees.
At the farthest distance (450-500 metres) even 89% of
the examined pines are without symptoms of foliage dis-
colouration, slight foliage discolouration has been esti-
mated for 11% of sample pines. As the distance increas-
es foliage discolouration becomes lower (Table 1).

Table 1. Distribution of sample tree (%) according to class-
es of foliage discolouration and amount of dead branches

Distance Number Discolouration Dyead branches 7%

from of class

highway, sample 0-15  16-30 31-580  over 50
metres trees

10-20 66 0 1 2. 3 9 a5 56 0
50-100 66 Sl 49 0 0 10 41 49 0
150-200 66 64 36 0 0 22 51 27 0
250-300 66 75 25 0 0 30 50 20 4]
350-400 66 80 20 0 0 36 S3 11 0
450-500 66 89 11 0 0 46 32 22 0

Our research has demonstrated that the largest
amount of dead branches is characteristic of Scots
pines growing closest (10-20 metres and 50-100 metres)
to the roadbed. The trees at the farthest distance from
the highway have the least amount of dead branches.
With increasing distance from the roadside the amount
of dead branches diminishes (see Table 1).

Figure 3 shows the mean amount of dead branch-
es as the distance changes as follows: 10-20 meters —
28.3+1.2% of dead branches, 50-100 metres —
26.1£1.9%, 150-200 metres — 23.6+1.5%, 250-300 metres
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Figure 3. The average amount of dead branches (%) of Scots
pine trees at different distances from the highway

—20.8+1.2%, 350-400 metres — 17.14£0.9%, 450-500
metres — 13.7+1.8%. As presented data illustrate, the
assessed pines, growing at the closest distance (10-
20 metres) have the largest amount of dead branches
and at the farthest distance (450-500 metres) from the
highway — the least one.

It must be noted that the state of investigated
Scots pine tree tops is good independing of the dis-
tance from the highway. More than 80% of the healthy
tree tops in each SP have been observed.

The retention of coniferous needle is an important
indicator of tree health condition and environmental
state assessment. Damaged trees usually loose their old
needles sooner than healthy ones. The trees growing
in optimal environmental conditions have longer reten-
tion of needle. The standard retention of Scots pine
needles that indicate the optimal tree growth conditions
in Lithuanian forests without the local atmospheric
pollution is 4 years. [t serves us as the control. Short
needle age indicates unfavourable growth conditions.

According to the results of our study the mean
retention of sample pine needles at the closest dis-
tances (at 10-20 and 50-100 metres) from the highway
is 2.0+0.09 and 2.0+0.07 years, respectively. At further
distances from the highway it has increased: at 150-
200 metres - 2.4+0.08, at 250-300 metres - 2.5+£0.07, at
350-400 metres - 3.0+0.05, at 450-500 metres - 3.2+0.07
years (Table 2). In comparison to the control (4 years),
this diagnostic test shows the negative impact of traf-
fic pollution on pine growth at the closest distances
and negative influence of basic ecoclimatic factors at
further distances from the highway.

The type of crown defoliation of the examined
Scots pines has been also investigated. The base (3)
and uniform (6) crown injury types are dominating in
all permanent observation plots. The greatest part of
sample pines at the distance up to 300 metres from the
roadbed have the base (3) crown defoliation type, the
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Table 2. Mean necdle retention

7 - window defoliation,

Distance Number  Mcan ncedle Defoliation type

from of retention, (ycars) of Scots pinc trees and
highway, samplc  years 1 2 3 4 5 6 7 their distribution (%) according to
metres trees crown defoliation type

10-20 66 2.0 £ 0.09 0 9 40 12 5 34 0

50-100 66 2.0 £ 007 0 3 42 24 5 26 0

150-200 66 2.4 £ 0.08 2 8 48 3 2 32 3 Note: crown defoliation types: 1 —
250-300 66 2.5 + 0.07 0 2 46 8 2 28 14 : € .
350-400 66 3.1 %005 0 0 40 9 3 38 10 top; 2 — under the top; 3 — base; 4
450-500 66 32 £ 007 0 2 34 11 6 45 0 — peripheral; 5 — fnncr; 6 ~uniform;

uniform (6) defoliation type prevails among pines that
grow at further distances. The top (1) crown defolia-
tion type is not common, under the top (2) and inner
(5) — not frequent, window (7) - very seldom for Scots
pine trees growing at roadsides (see Table 2).

The base crown defoliation type is estimated in
cases when at the bottom part of crowns is by 20%
higher than in other parts. As it was noticed (O3o0-
anuyioc, 1996), this type of defoliation demonstrates
an unspecific morphological response to various types
of damages and is common to factors predisposing and
inciting tree decline. Uniform crown defoliation type
is defined, when defoliation in various tree parts does
not differ more than 20%. This defoliation type can
cause changes in environmental conditions and is
characteristic of tree responses to air pollution, frost,
drought and other,

According to the results of our investigation
health condition of estimated pines depends on their
biosocial class: the examined pines of higher bioso-
cial I and Il Kraft classes have lower crown defolia-
tion and less amount of dead branches as compared
to the sample trees of the 111 Kraft class.

Visual assessment of trees’ crown condition is
comparably fast and simple, but not completely objec-
tive, but it is noticed, that the large part of deviation
in the defoliation assessment data is not systematic
and due to an increase in the number of sample trees
the evaluation differences decrease (Dobbertin et al.,
1997; Ozolincius, Stakénas, 1999).

The monitoring parameters (crown defoliation,
foliage discolouration, amount of dead branches in the
crowns, needle retention) of Scots pine (Pinus sylves-
tris L.) serve as the natural monitors and indicators
to objectively evaluate the influence of all changes
taking place in forest ecosystems at roadsides, espe-
cially the impact of traffic pollution. As it was noticed
by Armolaitis and Bartkeviéius (1996), changes in the
health condition of roadside conifers are related to the
impact of transport emissions, first of all, nitrogen
oxides and benzapyrene.

The results have indicated, that differences of
assessed morphological parameters of Scots pine trees

of the same Kraft class growing at different distances
from the highway are statistically reliable (P=0.95).
Differences of morphological parameters of sample
trees growing at the same distance from the highway
are insignificant and statistically unreliable.

Conclusions

1. According to the results of forest monitoring
conducted in 1998-1999, it has been estimated, that the
mean crown defoliation of Scots pine (Pinus sylvestris
L.) trees growing in Pinetum vaccinio-myrtillosum for-
ests at different distances from the highway “Vilnius-
Kaunas™ changes. Crown defoliation (42.9+1.5%) of
trees at the closest distance to the highway is found
to be highest. With increasing distance from the road-
side, defoliation decreases: at the distance of 50-100
metres the mean defoliation of sample pine trees reaches
39.242.3%, at 150-200 metres — 36.8+1.7%, at 250-300
metres - 33.742.2%, at 350-400 metres - 26.74+2.4%. The
lowest crown defoliation (24.8 +£2.2%) and the best
health condition of pines are at the farthest (450-500
metres) distance from the highway.

2. Discolouration of pine trees at the roadsides
of highway "Vilnius-Kaunas” is not a very widespread
phenomenon. At all distances from the roadbed pine
trees of 0 discolouration class (discolouration up to
10%) are predominating. Nearby the highway pines of
this class make up the greatest part (even 51%) of
sample trees; | class of discolouration (discolouration
11-25%) has been estimated for 49% of sample trees.
At the farthest distance (450-500 metres) even 8§9% of
examined pines are without symptoms of foliage dis-
colouration, slight foliage discolouration has been
estimated for 11% of sample pines.

3. Health condition of tree tops of the sample
trees is generally good. More than 80% of healthy tree
tops in each sample plot were estimated.

4, The amount of dead branches - an important
morphological indicator of tree health condition - as
the distance from the highway changes as follows: 10-
20 metres — 28.3+1.2% of dead branches, 50-100 me-
tres — 26.121.9%, 150-200 metres — 23.6+1.5%, 250-300
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metres — 20.8+1.2%, 350-400 metres — 17.1+0.9%, 450-
500 metres - 13.7+1.8%. The largest amount of dead
branches has been estimated at the closest distance
from the highway, while least - at the farthest one. It
indicates the largest influence of transport emissions
on pine state at the closest distance to the highway.

5. The shortest needle retention (2.0+£0.09 years)
at the closest distances to the highway can indicate
unfavourable growth conditions caused by the nega-
tive impact of traffic pollution on Scots pine growth.

6. It has been determined that health condition of
pines depends on their biosocial class: the examined
pines of higher biosocial I and 11 Kraft classes have
lower crown defoliation and the lower amount of dead
branches comparing to the sample trees of 11l Kraft class.
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COCTOSHUE 3I0POBbSI COCHBLI OGBLIKHOBEHHOM (PINUS SYLVESTRIS L.),
MNPOU3PACTAIOIIEN HA PA3JIMUYHOM PACCTOSIHUHU OT ABTOMATUCTPAJIA

“BUWIbBHIOC - KAYHAC”

B. CrpaBuHckeHe
Pe3zione

IpusousTcs pe3ynbTaTL!

moruTopHHra 3069 yucTHRIX AepeBbeB coclibl oOwKHOBennol (Pinus sylvestris L.),

NPOU3PACTAIOWICH Ha palINYIOM PAcCTOSHIM OT aBTOMAIHCTPAIH. PYKOBOACTBYACH METOAHKOI 3KONOTHYECKOTO MOIHTOPHING
(Manual on methods..., 1994), onpenenena nechonpauus, acXpoMauns Kpot, COCTOANHC BepIUNH, % CYXHX BeTBeH B Kpore,
BO3PACT XBOH, THII ACHONHALHH KPOH YUCTHLIX AEPEBLEE COCHBL.

OCIHOBHBIMH HIHKATOPHLIMH [IApaMCTPaMil COCTOSHIS 3MOPOBLS HEPCBLCB M HUX CPCIbl HOCHYXun gedonmauns u
ACXpoMaLrs Kpoll, % cyXnx BeTneil B Kpone H BO3PAcT XBOM.

Hccnepopanust nokajajM, 4To HAMXYUUWIHM COCTOSHUCM 3HOPOBbLS OTIHYAIOTCA AEpehs, NPOU3pacTalollHe Ha
OnuxaiiweM paccTosniny ot aptomarncTpani. MM xapaktepust nawssicuiie rokazatenu pedonmannn kpon (na 10-20-
MCTpOBOM paccrostinit — 42,941 ,5%, na paccrostnyu 50-100 metpos — 39,2+2,3%) v nanMensyiii so3pact xsou (2,0 rona

na 10-20-metpoBos 1t 50-100-MCTPOBOBOM pacCTOSHHSX).

Mo ocuoBnpIM ITOKa3aTens M MOHHTOPHNTA, B HAHAYJYIIEM COCTOSHHN HAXOUSTCH HACPCBLS, NPOM3PACTAIOUINC B
HaubonsuieM paccTosHin ot goporn. Cpeunsst Dedhonmauns kpon gepesben na 450-500-McTPOBOM paccTOAHHUE cOCTaRnseT
24,8+2.2%, sepiniibl 300poBbie, cpapHuTenbiio Mato (13,7+£1.8%) cyxux serneii (28,3+1.2%), nanGonbwnii BO3pacT XBou
(3,2 ner), 110 cpaBlCIIH ¢ ACPCBBSIMH, PacTyIUIMI BONH3H AOPOTH.

Ha pcex yweTHhiX pacCTOAIUAX OT anTOMAIHCTPAIN JOMUITHPYIOT JepeBbs 0-0ro Kijacca ucxpoMaunu (uexpomauns 0-
10%): na GmipkaiilieM paccTOSHKMH OT HOpOrH oitl coctasasioT 51%, na ganoticiiiuem - 89% obuicro yucna y4eTHLIX
nepesnes. Jepenna 1-oro xnacca pexpomautii (iexpomatits [1-25%) COOTBETCTBCIIO COCTABIACT: 112 GIKaHIICM PACCTOSHHH
49%, na panpuciiuieM — TonbKo 11% 0GHICTO YHCIA YUCTHBIX NCPCBHCB.

Kniouessie ¢jioBa: cocia l)GI.IKlI&)!iL‘IIIILl&I, COCTOSANHE 310POBbA, :‘\l()[)(l)()][()lH‘IL‘L’?\HC [1apaMcTphl, IMOAUNOPOXKDA,
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