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Gradients of the content of photosynthetic pigments and radiation
as manifestations of the health condition of Norway spruce
(Picea abies [L.] Karst.)
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ABSTRACT: The paper deals with the health condition of sample trees of Norway spruce (Picea abies [L.] Karst.) on the basis
of the distribution and quantity of chlorophyll a + b and carotenoids with respect to the gradient of radiation in the tree crown. The
content of photosynthetic pigments (PhP) was determined by spectrophotometric analysis. The sample tree is situated at the Rajec
nad Svitavou locality, the Drahany Upland, altitude 625 to 640 m. Within the gradient of the content of PhP in the vertical and hori-
zontal profile of a tree, it was shown that the inner coordination of the content of PhP in the crown in relation to the age of needles
and their insolation was sufficient. Thus, the tree does not show impaired health condition and its growth retardation results from
the short crown. The extent of a photosynthetic apparatus and stability of the tree would be increased particularly after elongation

of the lower part of a crown, so-called compensating part.
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Methods which can be used for assessing changes of the
complex of factors of the environment by means of the re-
sponse of living organisms (most often plants) are named
bioindication methods. Sensitive plant species typical of
the given ecosystem are passive bioindicators.

As for forest trees namely conifers, it is Norway spruce
(Picea abies [L.] Karst.) which is used as a sensitive
passive bioindicator in Europe. Based on the rate and
character of its response it is possible to assess its health
condition. In practice, the fact is monitored by two bioin-
dication methods, viz. terrestrial survey and remote sens-
ing. In terrestrial survey, within non-destructive methods
one of the parameters of health conditions is also the
colour of foliage.

A spectrophotometric method used for the determination
of the content of photosynthetic pigments (PhP) in leaves
is an accurate destruction method of terrestrial survey. It
refers to a quantitative method of the determination of the
content of substances in detached leaves or needles. Ab-
sorption curves can be evaluated in detail by the method of
derivation spectrophotometry according to FRENCH (1957),
MARTIN (1959) and MEISTER (1966) in HASPELOVA-
HORVATOVICOVA (1981) in Norway spruce and in bris-
tlecone pine according to MARTINKOVA et al. (1996) etc.

In the Department of Forest Botany, Dendrology and
Typology, Mendel University of Agriculture and Forestry

in Brno, considerable attention is paid to problems of the
dynamics of the concentration of PhP in the vertical and
horizontal profile of a Norway spruce crown and other
species already for a long time: DOBES (1983), NAROVEC
(1985), JUPA (1987), MARTINKOVA (1990, 1992), BAR-
TANUZS (1992), MARTINKOVA et al. (1996), STUCHLIK
(1997), VARGA (1997), DOBES (2001), BARINKA (2002).

An objective of the paper was to determine vitality of
the Norway spruce (Picea abies [L.] Karst.) sample tree on
the basis of distribution and quantity of foliage pigments
with respect to the gradient of solar radiation in the tree
crown (CURRAN et al. 1990) and by means of the relation-
ships to assess its health condition.

MATERIAL AND METHODS
Characteristics of the locality

Réjec nad Svitavou locality is situated in the Drahany
Upland near Rajec nad Svitavou and Némcice villages
(49°26°37°'N, 16°42°1"'E). It is located on a slight slope
(5% inclination) at an altitude of 625 to 640 m. Basic
climatic characteristics for the period 1980 to 2001 are as
follows: mean annual temperature 6.4°C, mean total of
precipitation 647 mm, mean total of precipitation in the
growing season 419 mm.
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Material, taking and processing the samples

Material used

A sample tree of Norway spruce (Picea abies [L.]
Karst.) was selected the crown of which was attainable
from a gradient biometeorological tower. The sample tree
age was 92 years, total height 25.4 m, diameter at breast
height (d.b.h.) 23.7 cm, crown height 19 m, crown length
6.4 m, number of whorls 28. According to the Kraft clas-
sification of tree classes (KORPEL et al. 1991) it referred
to a partly co-dominant tree achieving the medium stage
of maturity from the ontogenetic phase of development.

Taking and processing the samples

Branch sampling from the sample tree was carried out
by a single application, namely in spring before budbreak
(7 May 1999) under uniform weather and regular cloud
cover. Sampling and measurements in the locality were
carried out from the gradient biometeorological tower.

In total, four branches of the 1% order with NW orienta-
tion were taken from the crown vertical profile: from the
7" whorl — numbered from the tree apex (i.e. 14.0% crown
depth), from the 11" whorl (i.e. 28.1% crown depth), from
the 17" whorl (i.e. 50.0% crown depth) and from the
25" whorl (i.e. 86.7% crown depth).

In the locality, branches were roughly washed by
distilled water, placed into PE bags and transported to
a laboratory. In the laboratory, samples of needles were
taken from the sample tree branches from selected annual
growth modules to determine the content of photosyn-
thetic pigments (PhP) and dry matter (DM). The area of
an average leaf was determined using the method of com-
puter image analysis in the Lucia G system (Laboratory
Imaging Ltd., Prague).

Before the branch sampling, the vertical permeability of
radiation was measured within the sample tree (by means of
two ALAI-2V radiometers). During the measurement, the
amount of incident and diffused radiation was recorded by
the first radiometer on the level of particular storeys of the
gradient biometeorological tower (the distance of particular
storeys was 3 m). In the same time intervals, the second
radiometer measured the amount of incident and diffused
radiation at the tower foot. The measurement occurred
during midday hours of summer time. Reference measure-
ments of an unshaded area was carried out at a height of
3 m above the stand (LARCHER 1995). Based on measured
data, relative insolation was determined in particular places
of the crown where samples of shoots were taken.

Methods of the determination of PhP

The content of chlorophyll a, b and of the total amount
of carotenoids was determined using a threewave spectro-
photometric method (SESTAK et al. 1971) and the second
derivation of absorption curves — automatic output from a
HP 8453 spectrophotometer (DOBES 1983; MARTINKOVA
et al. 1996). Conversion equations were used according
to LICHTENTHALER and WELLBURN (1983). Always two
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series of fresh needles were taken from space- and age-
defined shoots. Both series were saturated with water (in a
refrigerator for a period of 24 hours). One series was used
to determine the content of chlorophylls and carotenoids,
the second one became a basis for the determination of
water content under fully saturated condition and DM.
The content of PhP (chlorophyll @, b, a + b and caroten-
oids) was expressed per the weight unit of leaves of each
of the samples in mg/g, per an average shoot in mg, per an
average leave in ug and per the leaf area unit in pg/cm?.

Methods of the statistical evaluation of data

A relation between the content of PhP in needles or
shoots and insolation in the given space of a crown was
determined using correlation analysis in the Microsoft
Excel program. The correlation coefficient was interpreted
as follows:

r =0 expresses independence;

0 <r<0.30 expresses low degree of dependence;

0.31 <r<0.50 expresses medium degree of dependence;
0.51 <r<0.70 expresses marked degree of dependence;
0.71 <r<0.90 expresses high degree of dependence;
0.91 <r<1 expresses very high degree of dependence and
r =1 expresses strong dependence.

Positive values of the correlation coefficient express di-
rect dependence, negative values express indirect depen-
dence (MELOUN, MILITKY 1994).

RESULTS AND DISCUSSION

The range of values of the content of PhP in the sample
tree crown is described in Table 1.

Expression of the content of PhP per DM unit
of needles

Mean values of the content of chlorophyll @ + b in the
first three year-classes in needles from the apical and
basal part of the crown amounted to 1.85 and 2.13 mg. In
relation to the apical part of the crown increase by 15%
occurred in its basal part. MARTINKOVA (1992) mentions
(for the same locality) increase in the content of chloro-
phyll @ + b with respect to the apical part of the crown in a
subdominant tree by 9% (apical part of the crown 1.71 mg,
basal part of the crown 1.87 mg) and in a dominant tree
by 29% (apical part of the crown 1.24 mg, basal part of
the crown 1.61 mg). In a 75-year-old sample tree, KOCH
(1976) mentions values of the range of chlorophyll a + b
content from 1.9 mg in the youngest sun needles to 4.7 mg
for 4 to 5-year-old shade needles. Older shade needles con-
tained by 247% more chlorophyll a + b than the youngest
sun needles. In case of the sample tree studied by our team
the difference amounted to 359%. Thus, the gradient of
the chlorophyll a + b content was even steeper.

As for absolute values, values measured by our team did
not reach those which were found by NAROVEC (1985) at
the same locality from a comparable sample tree in 1982

J. FOR. SCI,, 50, 2004 (10): 489495



Table 1. The range of values of the content of PhP in the tree crown

Apex

Basis

Method of expression of the

value/needle-year

value/needle-year

content of PhP

chlorophyll a + b carotenoids chlorophyll a + b carotenoids
Per 1 g DM (mg) 1.00/1 0.28/1 3.59/7 0.61/7
Per cm? of needle (ug) - 8.58/2 19.09/3-52.17/7 4.27/3
Per an average needle (ug) 16.01/6 2.50/6 2.38/1 0.50/1
Per an average shoot (mg) 51.76/1 12.68/1 0.44/9 0.08/9

— chlorophyll @ + b content: apex 2.2-2.4 mg/g, basis
3.8-4.0 mg/g DM (dry matter). It means that in the course
of about 17 years, a marked decrease occurred in the poten-
tial of accumulation of PhP. Even higher values were deter-
mined under optimum conditions for the growth of spruce in
the Beskids in 1999. In the first needle year-class, the range
of'the chlorophyll @ + b content amounted to 1.7-2.35 mg/g.
The highest values were measured in the 4" needle year-class
(3.1-4.77 mg/g DM). The lowest values in the vertical pro-
file of the tree crown were found in the region of Bily Ktz
(the Beskids) in 1990, i.e. in the period of negative effects
of air pollution. In this year, the content of chlorophyll a + b
ranged from 0.79 to 3.00 mg/g DM.

In the horizontal profile (basal part of the tree crown),
an increasing trend was noticed from the youngest to
older needle year-classes, in needle generations older than
9 years, gradual decrease occurred in the chlorophyll
a+ b content (Fig. 1). Differences in the chlorophylla + b
content between particular needle year-classes in the hori-
zontal level (within a branch) were greatest in the apical
part of the crown and towards the tree base they decreased.
In the basal part of the tree crown, MARTINKOVA (1992)
noticed decreasing trend in the chlorophyll a + 4 content
already from the 5" needle-year.

In the basal part of the crown, the trend of changes
showed more markedly (e.g. decrease in the chlorophyll
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Fig. 1. The content of chlorophyll a + b (per needle dry mater)
within particular needle year-classes in the basal part of the
sample tree crown
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a+ b content already in 3-year-old needles) in needle gen-
erations from the peripheral (distal) part of the crown than
in those from the inner (proximal) part of the crown.

In the apical part of the crown, increase in the content
of carotenoids was noticed from the youngest to older
needle generations, in the central and basal part of the
crown, however, rather equalization or slight decrease in
the content of carotenoids occurred during ageing. The
fact corresponds to trends determined already previously
(KRPES 2002).

Other trends in the content of carotenoids in the sample
tree crown can be characterized similarly as in the content
of chlorophyll a + b.

Expression of the content of PhP per cm?
of needle area

Within the vertical profile of the crown, decrease in the
content of chlorophyll a + b occurred from the apical to
the central part of the tree crown; in the basal part of the
crown, the decrease was stopped. In the horizontal profile,
an increasing trend was noticed from the youngest to older
needle generations.

In carotenoids, it is possible to characterize possible
trends in their content in the vertical and horizontal profile
of the crown similarly as in chlorophyll a + b.
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Fig. 2. The content of caretonoids (per an average needle) within
particular needle year-classes in the apical part of the sample
tree crown
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Expression of the content of PhP per
an average needle

Within the crown vertical profile, the chlorophyll @ + b
content decreased from the apical to the basal part of the
crown as expressed per an average needle, i.e. the trend was
similar as in expression per leaf area unit. In the apical part
of the sample tree crown, the decrease was more marked.
In the horizontal profile, an increasing trend was noticed
from the youngest to older needle year-classes, in needle
generations older than 9 years (i.e. from 1990), gradual
decrease in its content occurred. Differences in the content
of chlorophyll @ + b between particular needle generations
were more marked in the distal part of the crown.

In carotenoids, decrease in the content occurred within
the vertical profile of the crown from the apical part to the
central part of the crown; in the basal part of the crown, the
changes were not marked and the content of carotenoids
was balanced. In the horizontal profile, increase in the
content of carotenoids was noticed in the distal part of the
crown from the youngest to older needle generations up to
three-year-old needles (i.e. differentiated in 1996); then, a
gradual decrease followed (Fig. 2). Towards the proximal
part of the crown, a slight increase in the content of caro-
tenoids occurred in younger needle generations whereas in
older needle year-classes, equalization or slight decrease
in the content occurred.

Other trends in the content of carotenoids in the sample
tree crown can be characterized similarly as in chlorophyll
a+b.

Expression of the content of PhP per
an average shoot

In the horizontal profile, decreasing trend was noticed in
chlorophyll a + b from the youngest to older needle-years.

In carotenoids, trends in their content in the horizontal
profile of the crown can be characterized similarly as in
chlorophyll a + b.
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Fig. 3. Dependence of the chlorophyll a + b content (per an
average shoot) in relative insolation
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Relationships between the content
of PhP and relative insolation

Between the content of PhP and relative insolation in
the vertical profile of the crown, interrelationships were
found described for example by LARCHER (1995). The
degree of the interrelationships differed in relation to the
expression of PhP. Very high degree of the relationship
was obtained in expressing the PhP content per an aver-
age shoot, namely both in chlorophyll a + b (= 0.93) and
carotenoids (»r = 0.91), it referred to direct dependence
(Fig. 3). High degree of the relationship was achieved in
expressing the PhP content per an average needle (Fig. 4);
it referred to direct dependence and the degree of the
relationship was comparable both for chlorophyll @ + b
(r = 0.84) and for carotenoids (» = 0.81).

In expressing PhP per cm? of the needle area and DM
unit, high degree of the relation was demonstrated (r =
0.82) but only for the youngest needle year-classes (1998,
1997); older needle generations provided only low degree
of the relation (= 0.21). In expressing PhP per the needle
area unit, it referred to direct dependence; in expressing
PhP per DM unit it referred to indirect dependence.

CONCLUSION

In expressing PhP per the area unit, average needle and
average shoot decrease in their content occurred from the
apical to the basal part of the sample tree crown. In ex-
pressing PhP per DM unit, the situation was converse.

In the vertical profile of the tree crown, an increase in
the content of pigments occurred from the youngest to the
oldest needle year-classes in expressing PhP per DM unit,
per area unit and per an average needle. In expressing PhP
per an average shoot the situation was converse.

The data obtained and given trends correspond to lit-
erature data and prove that the methodical procedure was
correct. Comparisons of data on the content of PhP from
various papers are difficult with respect to the develop-
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ment of a new instrumentation. If we use relative values
comparisons of particular sample trees are possible.

In relation of the distribution of PhP (expressed per an
average shoot) to the availability of solar radiation within
the vertical light gradient of the crown a very high degree
of dependence was achieved (»= 0.93 in chlorophyll
a + b, r=0.91 in carotenoids).

Trends in the distribution of PhP in the crown and trends
in the content of PhP with respect to the availability of
radiation showed in the distal part of the apical part of the
sample tree crown, i.e. in part which is youngest within
the sample tree crown, relatively most healthy and best
insolated.

Considering the social position of the sample tree in a
stand (partly a co-dominant tree), a lower gradient of the
content of PhP was determined in the tree crown in com-
parison with data of MARTINKOVA (1992) from the same
locality which is rather characteristic of subdominant
trees. It also corresponds to the measured length of the
sample tree crown. On the other hand, as compared with
the tree of a lower age class the gradient of the content of
PhP was steeper in a tree studied by our team.

As compared with optimum values determined in the
Beskids (DOBES 2001), the sample tree in the given local-
ity achieved 90% of the PhP content in the crown apex and
only 50% at the crown base. As compared with a spruce
tree analyzed at Bily Kfiz in the Beskids in 1990-1991
(BARTANUZS 1992) which was negatively affected by
heavy air pollution stress, the sample tree studied by our
team showed higher pool of pigments (at the crown apex
by 26%, at the crown base by 19%). The studied sample
tree did not show optimum pigment pool but, on the other
hand, it was not markedly damaged as it was in pollution-
damaged areas in the 90s.

As for the ontogenetic stage, d.b.h. and length of the
tree crown correspond to a subdominant tree which (with
respect to its height) does not reach average diameter
dimensions (difference 4 cm). Within the gradient of the
content of PhP in the vertical or horizontal profile of the
tree crown it was shown that the inner co-ordination of the
content of PhP in the crown related to the age of needles
and their insolation was sufficient. Therefore, the tree
does not show impaired health condition but its growth
retardation results from its short crown (or short basal part
of the crown) and thus from the decreased extent of the
photosynthetic apparatus which should be larger.
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Gradienty obsahu fotosynteticky aktivnich barviv a zareni jako projevy zdravotniho
stavu smrku ztepilého (Picea abies |L.] Karst.)

M. MARTINKOVA!, T. ZEMANEK!, D. STERBOVA?

'Lesnickad a drevarska fakulta, >Agronomicka fakulta, Mendelova zemédélska a lesnickd univerzita,

Brno, Ceskd republika

ABSTRAKT: Piispévek se zabyva zdravotnim stavem vzorniku smrku ztepilého (Picea abies [L.] Karst.) na zakladé distribuce
a kvantity chlorofylu a + b a karotenoidti vzhledem ke gradientu zafeni v koruné. Obsah fotosynteticky aktivnich (FA) barviv byl
stanoven spektrofotometrickou analyzou. Vzornik se nachdzi na lokalité Réjec nad Svitavou na Drahanské vrchoviné v nadmotské
vySce 625-640 m. V ramci gradientu obsahu FA barviv ve vertikalnim a horizontalnim profilu koruny se ukazalo, Ze je vnitini
koordinace obsahu FA barviv v koruné v zavislosti na véku jehli¢i i v zavislosti na jejich ozafeni dostate¢na. Strom tedy nema
snizeny zdravotni stav, jeho ristova retardace vyplyva z kratkosti koruny. Rozsah fotosyntetického aparatu a stabilita stromu
by byly zvysSeny zejména pti prodlouzeni dolni ¢asti koruny, tzv. vyrovnavaci ¢asti.

Klicova slova: chlorofyl; karotenoidy; propustnost zafeni; zdravotni stav; Picea abies (L.) Karst.

Cilem prace bylo zjistit vitalitu vzorniku smrku ztepi-
1ého (Picea abies [L.] Karst.) na zaklad¢ distribuce
a kvantity listovych pigmentl vzhledem ke gradientu
zareni v koruné a pomoci tésnosti vztahu konfrontovat
jeho zdravotni stav.

Na lokalit¢ Réjec nad Svitavou na Drahanské vrcho-
ving (49°26°37"" s.8., 16°42°1"" v.d.) v nadmoiské vys-
ce 625-640 m byl v ramci smrkového porostu vybran
vzornik s korunou v dosahu z gradientové véze. Vzornik
dosahl véku 92 let, jeho celkova vyska ¢inila 25,40 m,
vycetni tloustka 23,7 cm. Podle Kraftovy klasifikace
stromovych tfid (KORPEL et al. 1991) se jednalo o strom
Caste¢né uroviovy, z hlediska ontogenického vyvinu do-
sahl stfedni faze dospélosti.

Pied odbérem vétvi byla v rdmci vzorniku méfena
vertikalni propustnost zafeni (pomoci dvou radiometrti
ALAI-2V). Odbéry vétvi ze vzorniku se uskutecnily jed-
norazové — na jafe pred vyrasenim pupenti (7. 5. 1999).
Celkem byly z vertikalniho profilu koruny odebrany ctyfi
vétve 1. fadu se severozapadni orientaci.

Obsah chlorofylu a, b a celkového mnozstvi karote-
noidu byl stanoven tfivinovou spektrofotometrickou me-
todou (SESTAK et al. 1971) a druhou derivaci absorpé-
nich kiivek — automaticky vystup ze spektrofotometru
HP 8453 (DOBES 1983; MARTINKOVA et al. 1996). Pfe-
poctové rovnice byly pouzity podle LICHTENTHALERA
a WELLBURNA (1983).

Primérné hodnoty obsahu chlorofylu a + b vyjadiené
na 1 g susiny u prvnich tii ro¢nikd v jehlicich z apikalni
a bazalni ¢asti koruny ¢inily 1,85 mg az 2,13 mg. Vzhle-
dem k apikalni ¢asti koruny doslo v jeji bazalni ¢asti ke
zvyseni o 15 %. MARTINKOVA (1992) uvadi ze stejné lo-
kality navySeni obsahu chlorofylu a + b vzhledem k api-
kalni ¢asti koruny u poduroviového jedince o 9 % (api-
kalni ¢ast koruny 1,71 mg, bazalni ¢ast koruny 1,87 mg)
a u naduroviiového jedince o 29 % (apikalni ¢ast koru-
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ny 1,24 mg, bazalni ¢ast koruny 1,61 mg). KOCH (1976)
uvadi u 75letého vzorniku hodnoty rozpéti obsahu chlo-
rofylu @ + b od 1,9 mg u nejmladsich slunnych jehlic az
po 4,7 mg pro Ctyileté az pétileté stinné jehlice. Starsi
stinné jehlice obsahovaly o 247 % chlorofylu a + b vice
nez jehlice nejmladsi slunné. V pfipadé nami studované-
ho vzorniku tento rozdil ¢inil 359 %. Gradient obsahu
chlorofylu a + b byl tedy jesté strmg;jsi.

V horizontalnim profilu (bazalni ¢ast koruny) byl pfi
vyjadieni na 1 g suSiny zaznamenan stoupajici trend od
nejmladsich ke star§im rocniktim jehli¢i, u rocnikt star-
Sich nez devét let pak dochazelo k postupnému snizovani
obsahu chlorofylu a + b. Rozdily v obsahu chlorofylu
a + b mezi jednotlivymi ro¢niky v horizontalni rovi-
n¢ (v ramci vétve) byly nejvétsi v apikalni ¢asti koruny,
smérem k bazi se snizovaly. MARTINKOVA (1992) za-
znamenala v bazalni ¢asti koruny klesajici trend v obsa-
hu chlorofylu a@ + b jiz od 5. roéniku.

V bazalni ¢asti koruny se trend zmén pfi vyjadfeni na
1 g suSiny projevil u ro¢nikd z jeji okrajové (distalni)
¢asti vyraznéji (napf. snizeni obsahu chlorofylu @ + b
jiz u triletych jehlic), nez tomu bylo u ro¢niktl z vnitini
(proximalni) ¢asti koruny. V apikalni ¢asti koruny bylo
zaznamenano navySovani obsahu karotenoidd od nej-
mladsich ke star§im ro¢nikiim jehlic, ve stfedové a ba-
zalni ¢asti koruny dochézelo béhem starnuti jehlic spise
k vyrovnani nebo k mirnému poklesu obsahu karote-
noidi. To odpovida jiz diive nalezenym trendim (KRPES
2002). Dalsi trendy v obsahu karotenoidti v koruné vzor-
niku je mozné charakterizovat obdobnym zptisobem jako
u chlorofylu a + b.

Mezi obsahem FA barviv a relativni ozafenosti ve
vertikalnim profilu koruny byl nalezen vzdjemny vztah,
jehoz tésnost se lisila v zavislosti na vyjadieni FA barviv.
Velmi vysoké tésnosti vztahu bylo dosazeno pii vyjad-
feni FA barviv na primérny pryt, a to jak u chlorofylu
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a + b (r =0,93), tak u karotenoidt (r = 0,91); jednalo se
o zavislost ptimou.

Vzhledem k socialnimu postaveni vzorniku v porostu
(strom ¢&asteéné uroviiovy) byl — v porovnani s udaji
MARTINKOVE (1992) ze stejné lokality — zjistén nizsi
gradient obsahu FA barviv v koruné, charakteristicky
spise pro jedince poduroviiové. To koresponduje i se
zméfenou délkou koruny vzorniku. Na druhé strané ve
srovnani s jedincem niz$i vékové tiidy byl gradient obsa-
hu FA barviv u nami studovaného jedince pfikiejsi.

Vzornik na dané lokalit¢ svym pigmentovym fondem,
ve srovnani s optimalnimi hodnotami zjisténymi v Bes-
kydech (DOBES 2001), dosahl 90 % na apexu koruny
a pouze 50 % na bazi koruny. Ve srovnani se smrkem
analyzovanym v letech 1990-1991 na Bilém Kfizi
v Beskydech (BARTANUZS 1992), ktery byl negativné
ovlivnén silnym imisnim spadem, mél vSak nami studo-
vany vzornik vyssi pigmentovy fond (na apexu koruny

0 26 %, na bazi koruny vsak jen o 19 %). Sledovany
vzornik sice nevykazal optimalni pigmentovy fond, ale
na druhé strané nebyl tak vyrazné poskozen, jako tomu
bylo jesté v devadesatych letech na imisné poskozenych
uzemich.

Co se tyka ontogenické faze, vycetni tloustka i délka
koruny stromu odpovida spise poduroviiovému jedin-
ci, ktery vzhledem ke své vySce nedosahuje primérné
tloustkové dimenze (rozdil 4 cm). V ramci gradientu ob-
sahu FA barviv ve vertikalnim nebo horizontalnim profi-
lu koruny se ukazalo, Ze je vnitini koordinace obsahu FA
barviv v koruné v zavislosti na veéku jehlici i v zavislosti
na jejich ozafeni dostatecna. Strom tedy nema snizeny
zdravotni stav, ale jeho rlstova retardace vyplyva z krat-
kosti koruny (resp. z kratkosti bazalni ¢asti koruny). Po-
kud by péstebni opatieni vedla k prodlouzeni korun, byl
by fotosynteticky aparat rozsahlejsi a stromy by byly sta-
bilngjsi vzhledem k eventualnim stresorim.
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