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Concentrations of Al, As, Ba, Be, Ca, Cd, Cu, Fe, K, Mg, Mn, Ni, Pb, Rb, Sr and Zn were studied in stem wood and bark of
European beech and Norway spruce growing in soils developed on two contrast types of the bedrock (granite and sedimentary
carbonates). Content of the elements was also determined in the assimilatory organs of beech, spruce, pine, alder and larch in
dependence on the bedrock chemistry, site conditions and the organ age. Aim of the study was to assess the extent of incorporation
of the elements into the forest vegetation as a background for the evaluation of their biogeochemical cycles. Variability in the
concentration of the elements in the individual examined tree tissues is generally large. Higher concentrations of the elements in
stem wood of the same tree species were found in trees grown on acidic bedrock and concentrations of Cd, Co, Cr, Mn, Pb and
Zn were higher in the shallow rooting spruce stem wood, in accordance with their higher content in the topmost soil layers. The
transfer indexes (77) of the elements expressed as the relative intensity of their incorporation into the wood mass with respect to
their availability in soil show very low values for the toxic trace elements As, Be, and Pb, whereas the nutritional metals and
their homologues Cd, Rb and Sr show values by one to two orders higher. Concentrations of Al, Ba, Be, Ca, Fe, Mn and Sr in
the tree assimilatory organs tend to increase with the age of the organ, whereas the content of Cu, K, Mg, Ni and Rb shows
gradual decrease. Concentrations of Ba, Be, Ca, Cu, Mg, Ni, Rb, and Zn in the leaves of beech growing on granite bedrock with
high water table are higher compared to the trees growing on places with deeper water table. Lower concentrations of Ba, Be,
Cu, Mg, Mn, Rb and Sr in beech leaves of trees growing in soils developed on carbonates than on granite are explained by the
poorer accessibility of the elements. Varying values for As, Pb and Zn are caused probably by different intensity of their
atmospheric fallout.
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INTRODUCTION

The metabolic uptake of nutritional elements by forest
tree species represents a very important flux of matter in
their cycles in the environment (Sk¥ivan et al., 1995).
Balance of elemental fluxes in experimental forested
landscapes (catchments) reveals often notable fact that
the metabolic uptake of several minor and trace elements
from soils is actually their strongest flux in the system
and that it considerably contributes to the mobilization
of elements in the environment. The overall extent of the
elemental input through roots and the above-ground part
of trees is affected by a number of factors (Schleppi
et al., 2000): first of all by the physiological function of
the particular element, the specific character of the tree
species, the availability of an element, by the bedrock

bulk chemistry and the character of the locality, espe-
cially the height of the groundwater table. The above-
ground inputs are affected mostly by the chemical com-
position and intensity of the bulk atmospheric
deposition. The physiological function of the particular
element may evidently afflict also its concentration
changes in the tissues throughout the growing season,
especially in the assimilatory organs. It reveals in addi-
tion, that several minor and trace elements which possess
no specific physiological role, but which are homologues
of significant nutritional elements (e.g. Rb, Cs, Sr, Ba,
Cd and others), undergo the internal metabolic cycles of
the forest vegetation to a considerable extent.

Aim of the presented results of our study, which is
a part of broader research focused on the biogeochemical
cycles and balances of selected elements in the environ-
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ment, was to obtain new pieces of information concern-
ing the intensity of their internal metabolic cycles and to
assess the significance of the above noted effects.

MATERIALS AND METHODS

The samples of selected tree tissues were collected in
the experimental catchment Lesni potok in the Cerno-
kostelecko region, which is underlined by the Ri¢any
granite (see Fig. 1). Detailed characteristics of the site
was given earlier by Skfivan etal. (2000b). The com-
parative samples (of beech and spruce) were obtained
from two localities close to the Certovy schody quarry
near Konéprusy (Fig. 1), where the bedrock is formed by
sedimentary rocks (mostly calcite). The localities in the
area of the Lesni potok catchment were selected with
respect to the character of the sites, in particular to the
height of the water table. Samples of the wood substance
and bark of Norway spruce (Picea abies L. Karst, locali-
ties 2 and 8 — Fig. 1) and European beech (Fagus sylva-
tica L., localities 1 and 7) were collected in summer
season (July) from 3 trunks in each locality of trees ap-
prox. 60 years old in a height 130 cm above ground. The
wood cores were extracted from the tree boles up to the
stem axis with the increment borer (Haglof, Sweden,
PTFE coated) after the rough bark and phloem were re-
moved. Leaves of the studied deciduous species (Euro-
pean beech and Common alder — Alnus glutinosa
Gaertn.) and twigs of conifers (Norway spruce, Scots
pine — Pinus sylvestris L. — and European larch — Larix
decidua L.) with needles were cut off by plastic scissors

and sealed in polyethylene bags. Localities of sampling
are depicted in Fig. 1 and they correspond to numbers
presented in Tables I, IT and III. Assimilatory organs of
selected tree species were repeatedly sampled throughout
the whole growing season in approx. monthly periods.
Twigs of spruce were divided according to their age and
all samples were then dried up to a constant weight at
80 °C in a flow box. Needles of spruce and larch were
then removed from the twigs by plastic tweezers. Sam-
ples of the assimilatory organs were purposefully neither
digested nor washed before their analysis. Thin poles of
the wood mass from the borer were divided into three
parts (inner, middle and outer) which were then analyzed
separately. Samples of the stem wood and bark were
treated in the analytical laboratories of the Analytika Ltd,
Prague. They were wet decomposed by hot concentrated
nitric acid (Merck, Suprapur) under pressure in a PTFE
crucibles in a microwave oven and analyzed by the ICP-
MS spectrometry (Varian UltraMass). Samples of the
assimilatory organs were slowly mineralized by concen-
trated nitric acid (Merck, Suprapur) at room temperature
throughout 14 days in glass volumetric flasks. The reac-
tion products were then diluted by the bidistilled water
and filtered through a previously leached nitrocellulose
membrane filter (Sartorius, pore size 0,45 m). The filter
was then washed out by the bidistilled water and the
filtrate was filled up to a known volume. Concentration
of the elements was determined in the filtrate by the
atomic absorption spectrometry (Geological Inst. AS
CR, Prague, VARIAN SpectrAA 300, FAAS or ETA, in
case of arsenic by the hydride technique). Calibration
procedures were based on the synthetic standards,
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SRM’s were not used. Minimal determined concentra-
tions of the analyzed elements are cited in the following
table:

Bistiieii Concentration Elemast Concentration
(ppb) (ppb)

Al 1.0 Mn 0.5

As 0.5 Ni 05

Ba 5.0 Pb 05

Be T Rb 0.5

Cd 0.04 Sr 0.5

Cu 0.5 Zn 10.0

Fe 30.0

Values of the relative error of determination for se-
lected elements are listed below:

Element Concentration Rel. error
(ppb) (+/— %)
FAAS: Fe 62.5 8.30
Mn 40.9 3.10
Zn 24.3 2.09
ETA: Be 0.3 4.30
Cu 2.0 5.12
Mn 7.0 2.00
Pb 1.0 10.90
gﬂi‘é‘;& As 2.3 2.33

Concentration of Ca and Mg was determined by the
AA Spectrometry and K by the flame emission spec-
trometry (AAS 3, Zeiss), all in the Analytical Laboratory
of the Institute of Applied Ecology, Faculty of Forestry,
CUA, Kostelec n. C. lesy). Concentration values of the
studied elements presented in the following tables are
recalculated to the dry weight of the analyzed samples.

RESULTS AND DISCUSSION

Volume-weighted mean concentrations of selected
elements in stem wood and rough bark of spruce and
beech from two sites with diverse types of the bedrock
are shown in the Table I. Localities 1 and 2 close to the
lower part of the LP catchment are characterized by high
level of the water table and low pH value of stream
water, owing to the low buffering capacity of the bedrock
(pH approx. = 5, see also Skfivan et al, 2000b).
These characteristics guarantee higher mobility of soil
elements and better accessibility of their dissolved forms
for the vegetation, than at the other two localities situated
in the karst region. This is clearly shown in higher con-
centration of all the studied elements at LP localities
(especially of Mn and Zn), with the exception of Ca, the
most abundant cation of the bedrock in karst region.
According to the experimental study of DeWalle et
al. (1999), several tree species growing in acidified soils
exhibit significant bole wood concentration decrease of
Ca and Mg, accompanied by the increase of Mn. They
recommend to compare the molar ratios of Ca/Mn and
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Mg/Mn as good indices to soil acidification. In our case,
molar ratios of Ca/Mn and Mg/Mn in bole wood of beech
growing on the sedimentary carbonates (loc. 7, see Fig.
1) are 50.1 and 15.8. They are much higher indeed than
those for beech growing on the locality 1 in acidified soil
developed on granite (19.6 and 9.66, respectively). The
same holds for spruce growing on both compared types
of bedrock and soil (see Table I). Considerably higher
content of Cd, Co, Cr, Mn, Pb and Zn in stem wood of
shallow rooting spruce in comparison with the corre-
sponding stem wood of beech is another typical feature
of Table I. It can be explained by more acid environment
of the root zone of spruce, or by a commonly higher
content of the elements in the near-surface layer of soil,
resulting either from the metabolic cycling of elements
through the root uptake, throughfall and litterfall (Mn,
Zn, Co), or from the anthropogenic immissions (Pb, Zn,
Cd) (Skrfivan etal. 2000a). On the other hand, K, Rb
(its close homologue), and Mg show higher concentra-
tions in the xylem of beech than in spruce which should
reflect the specific metabolic differences between the
two compared tree species.

The relative amount of an element built-in into the
wood mass of beech and spruce at both localities is more
evident when expressed in the form of its transfer index
(T1, see Table II) which is a measure of the relative in-
tensity of incorporation of an element into the wood
mass with respect to its availability in the corresponding
soil. High values of 77 should reflect on one hand the
high uptake of a nutritional element and on the other hand
its deficiency in soil. Extremely low values of 77 should
indicate the uselessness or even malignancy of the par-
ticular element in the tree metabolism. The indexes for
beech (71B) and spruce (71S) were calculated as a ratio
of the concentration of an element in the xylem and its
labile bound content in soil (extractable in 0.1M HNO3).
Content of an element in the uppermost soil layer was
used for the shallow rooting spruce, while the mean con-
tent of the labile bound element throughout the whole
soil profile was used for deep rooting beech. The lowest
TT's of Pb, Be, and As reflect the toxicity of the elements,
while the values > 1 document the essentiality of Ca, Co,
Cr. Cu, K, Mg, Mn, Ni, and Zn. The remaining elements,
Cd, Rb and Sr are significantly metabolized (at least on
the acidic bedrock) due to their close similarity to Zn,
K and Ca, respectively. Nevertheless, the values of 77 for
main nutrients Ca and K are more than one order higher
compared with the values for their homologous counter-
parts Sr and Rb. Extremely high value of 77 for Ca in
comparison with K follows from a relatively low content
of the mobile forms of the former element, resulting from
the thorough leaching of highly mobile Ca** ions by acid
precipitation. On the contrary, content of leachable forms
of K is by one order higher than those of Ca due to
strong bonding of K by the clay minerals. Comparison
of the 7TI’s on both types of the bedrock shows higher
uptake of Be, Cd, Cu, Pb, Sr and Zn, and especially of
Mn on the acidic bedrock. Strong uptake of Mn by the
vegetation on acidic soils is commonly described in the

73




74

070 161°0 <0070 9%0°0 SIE0 80°6 $00°0 8LT0 qil .
¢6 9Il'L 90°¢l 88t [4°R3 970 8060 0 d ih
8ST°0 09°0 S00°0 S€0°0 wro ¥8C°0 Y000 090°0 SIL .
e S ye YOT'1 CINY 8¢°0 80 w0 v &
8TS'T €IS°S 09L°0 700 €vI9 8€9°S ST'6¢ STOL VLS €850 876°0 06’ €11 920°0 LTT°0 Il .
LLLT et ¥86'6 L6°81 L6T°0 986°8 60°L 0°SL 6580 776°0 ¢ST0 6200 9 1080 [9¢°0 q ot
¥8S°€ 6€°T SEE0 £86°0 9L6°T 01°61 LTYT 620°Y 206'0 91¢"9 CEL'Y (44N €971 6600 801°0 SIL .
9y 9¢'T LT6'9 0¢ 6°0 T8I [ 4 199 911 9T'0 00 o ce9 10 89°0 v o
19Ke] SANI[eO0]

uz IS g qd IN UN SN A no 20) oD PO D od sV Jaewel

(g1) yooeq pue (§77) 2onids IO SJUSWIAD PAIPMIS JO (S,[]) SIXOPUL I9JSUBL],
(‘im p widd) uorgar
1SIEY QU) UI § ‘/ SONI[EI0] PuE JUIWYINEd J7T Y} UL 7 ‘T SINI[BI0] Jeau () so[yoid [108 J[OyA 9} U UONEHUIDUOD UESW DY) pue () srokey [10s jsourraddn oy ur EQNH AT 0 UT 9[qEIORNXS SJUAWI[S JO UOHBNUIIUOD) ']

61'8L S5'6C £0°¢ 0€0'C e Y0¢ 86¢C 080 [ ove'v 0€9°0 0SI'1 0911 00 €€ | 1100 0€€0 8 yieq | oonidg

8G°¢ A 43 OL'1 0891 6L'81 ocl 6Cv 0cs 1 0es’s 06570 050C 000 009 91 | 6100 0120 L Jreq | yooeg

99°€0T | SL'I9 LT yeTT (AN 08¢ I 86L o111 oviy 609°0 LLLT 6€C1 orl 6 8L0°0 [LT0 4 yreq | oonudg

€L'6 [4) LO'81 0€Ce 8791 9¢ 98¢ 006 1 081'c 699°0 0SL0 9%0°0 000 €1 | 8900 YL10 ! J1eq | Yooog

e £0¢ 6L'¢ 9L'¢ LEO 991°0 61l 0'6¢ 99 1474 LTLO 6550 L9070 ¥91°0 198 €000 G200 8 poom ws | donidg
8°C1 'o¢ P81 9¢'l €81 £90°0 9¢'1L 807 941 0LL OIT'I 9610 £90°0 120°0 09L €000 €00 L pooM WIS yooad
Cl 09 6v'91 ¥9°'S (44 86¥'C 98’1 ! 00T 99¢ 1501 w9l LETO w10 08 ¥10°0 €L00 C poosm was | donidg
9'6 961 ey 819 6S°L 4 4\] 81 '8y L0T 89L csel 0SS0 Iv1°0 5070 769 12070 9100 [ poom wals | 4oIvg
U/ | /DD uz IS qdq qd U SN p: | ) D oD PO €D °d sV fyreso] anssi, | soroadg

JooIipaq oy Jo sadAl oyy y1oq uo SurmoIrs soa1) Jo poom WIS I0J UN/SH PUR U/ JO SONRI IB[OJA
(mp wdd ur fre) yoorpaq oy Jo sadK) asIoAIp 0M] U0 FulmoI3 9onids pue Yo9aq JO JyIeq PUB POOM WIA)S UL SJUSWS[S PAJOJ[As JO SUONENUIOUOD UBIA T

SCIENTIA AGRICULTURAE BOHEMICA, 33, 2002 (2): 71-78




75

(uonruUIRINOS 0] 9np) onelrd Aqeqoid are SOIEIl Ul SJUSWISLR JO SUOTJBIIUIOUO))
S9[peou 2ok JUaLIno
«

189 0'¢c 1899 L wo €C0L | vvi6 0€9¢ | 0681V | Q1'SL | 696 €e0'0 | CCs ol | Tro £€6Ce | 120> | 06°0¢ 0Ty €
881 9°0¢ 98'89 80F | €1'0> | 1696 Sv8Yy 0€se | 089 L | 9L'€9 | £5°01 100> LLOL | V20 SI'0T | €1'0> | SO'8T 8¢ € I9pIy
6LC Y681 9°9% 8¢9 | LTO> |TLES G'8¢6¢ 0€8C | 008 LT | £¥'06 | SO0T | #900 |96S9 | ¥1°0 01c | LT0 [6°€C 4 Y4 (3
SO£T I8°LI 7'8¢ 0°¢ ¢co> 1 0T0>| 08¥C 0601 | 0TS 9 | 6I'8L | 0¢'S 6010 | 669 | €10 e1'es | 920 68°1¢ ory 9 qosodq
L€l SoOvl 6¥'LT €01 | ¥E0 070> 9666 | 1¥8L | 00911 90¢l | LY'S LLT'O | 8IT9 | 800 909¢ | TC0> | 6V'CE or'y ¥
£S8 0¢el 9L'LT 9°€l LT0 00> | 1058 | €668 |009TI | €¥'86 | SS°S STro |69 s | ¥0°0 Sy've | TTO> | 0TLT 8¢ 14
861 68Tl 8¢ 1Y L8y | ¢C0> | 070 0€TT ovyl | 099 6 09 | 8L 8600 | 88 S | 700 188 | CT0> | 6£'¢EC S0I 14 e
09¢ £91C 69°81 69y | 0C0> | 060 STIL 08€T | 00T TI | S5C9 | L66 6£C0 | 990¥% | 00 0L | 0T0> | 01'¢e R aYe 14
LS6T 0°LT LTL Y 620 68Ly | ¥O¥E | 9TK8 | 008 ST 0°0€T | €L'S 8810 10V9¢€C | TOO> | €I'TH | ¥€0 86°SY e L {ooeg
LSP L6l 61°¢¢ (44! (30 €811 opel 0€61 | 0LS § corl | To'8 081'0 | 6£09T | TTO 88'8L | TTO> | 65CS T I
961 0°0¢ Y6'LE 90r | TE0 0S'1 08¥1 0060 | 0S6 L €981 | LT6 0ST°0 | €Ov ¥1 | 0TO GI'89 | €TC> | TI'LE ory 1
rSl 181 ['re ['09 | 610> | €591 0¥01 0SCC | 08T 6 | L9'L6 8L IL0'0 | 89€ 01 | 10 o9 | 610> | 80y 8T 1 yooag &
cer 80'vC 6'SC €08 | LT0> |Ith'E 8'18L 01€C | 00901 | 9T°L8 | €E€T | 1910 | 9648 | 200 L88Y | LT'O> | 69°6C S01 1 M
LET 61°9¢ 60°LT L0001 | €0 > |680°¢ 9v29 0pST | 008 €1 0v6 | ¥8°¢C | 8C0 | T9¥ 8 €00 88'LY | LYO 06'CC veT I ”
ErLl | ¥9°61 [vel Ly 98°L L9°0 0071 OSTT | OL1 8 | LS'E6 | 09°F CITo (26T | TWO0> §T9 | TTO0> | €1'8¢ 8T 14 m
ISIT | 6¥'81 | 6EL°L 99 o> |SIT0 P16 1'L06 | OLS L | 6TLY | 8S9 CLTO | 8L6 1 200> | 6TLY | TTO> | ¥8°9¢ S01 ¥ yore m
POOI | PI'EE | 6L6'L TL | 0T0> |9¢EL0 0111 OvIT | 00T Tl | 9569 | €8¢l | 9SS0 | €LET | TOO> | 8TLS | 670 10°sY P'sT % ﬁ
Pl LO'61 So'l S99 | TTO> |¥6L'T 8’181 I'eLs | 0168 €T | LST 2900 | 60T 1 200> | e | CT0 > 1'L6T 8T S ,0 <
6LY 691 60'¢ 91l Y0 > | €LLO Sr6T 6y | 0SS ¢ 9L | SLT LLOO | 8EL T w0 LO'S 860 TSLT A4 Y4 S 0 . W
298 eeoe | 1€1°9 6'v 600> | 620> SLL 8l |ovey | 9T'6F | OS'T $90°0 | O¥ES | TOO > ¢TL | 850 9°9¢ v'5T 14 ¥ %
9601 (442 ws 9'¢ €1’ > |6¥E0 LTSS | vESy | 0L6E | €6'Ch | SI'T 500 | 80S ¥ [00> | 6v01 | LTO 0Tze Y4 14 € m
LE6 8E8C | 9L09 £¢ 610 SI'0>|8Icy | e¥8F 0TI € €6'ce | 0¢'1 000 [0v9¢ 100> |2IT'8 9Tl £6'cE VST 4 [4 &
[c8 8YvC | 950V Ly 81°0 > | 6CE0 9v6e | TSIS | 0P8 € VLT | S60 6900 | <I8¢C 100> | ov'L cl'0> | 05°6C VST ¥ I oonudg M
[LE (49 FIZ | YYT | €10 > | €8€°0 6'06€ | 88SL | 0L0 6 0cc | 0T 8200 | ver ¢ 100 > 881 | ST'0> | S6'61 8T 14 0 u
rIE 9TLE | e¥8'T 09¢ | 0T0> | 081 £€80C | I'SOL | 00€ 11 ove | SO¥ 9600 | VT 1 200> | LOVY 020> | €981 Eut 4 0 m
So¢ 1T8S | 9060 €Sy | 910> | L89'¢ L'191 0201 | 008 €1 | SO'Te | 68°C wi'o | CIL 100> |9vL'T 910> | 9¢°LT v'sT 4 0 MJ
QA uz IS aq qd IN UA SN P! °d o PO €D °d ed ¥ v arep fypeoop | (seak) soroadg <
("1m-p wdd) yuowrepe we Jo wONENUAIUOY Sunduweg | Surdweg | o8y ' TN..
(1m°p wdd) saroads 2om 35010] Pa1o9fas Jo sueSIo AIOJR[TUIISSE Y} UI SYUQUIR[R JO UOTIRIIUIIUOD) [T m




literature (Bene§, Pabianova, 1987) as a result of
high content of accessible forms of Mn.

Concentrations of the studied elements in rough bark
of beech and spruce growing on both chosen types of the
bedrock (see Table I) are considerably — to moderately
higher than in the stem wood, in descending order from
Ca>Co>Ni>Sr>Pb>Zn>Cd>Mn>As>Rb>
Mg > Be > Cu > K > Cr (with Ca > 20 to Cr = 1).
Magnitude of the ratio of content of an element in bark
and in stem wood is a result of impacts which involve
its physiological role, extent of its deposition flux and
mobility (forms in the atmospheric deposition). Gener-
ally higher content of As, Cd, Mn, Rb and Zn was found
in spruce bark, more K, Ni and Sr contains the beech
bark. Considerably higher concentrations of Be, K, Mg,
Mn, Rb, Sr and Zn show the trees growing on granite.

Concentrations of elements in the assimilatory organs
of the studied tree species and in selected cases their
concentration changes throughout the growing season
are presented in Table IIL First set of the data shows the
concentration changes of elements with the age of spruce
needles. Concentration of the low mobile and typical
toxic trace element Pb (commonly present in the anthro-
pogenic atmospheric fallout coming from the vehicular
and industrial emissions) in the needles was always be-
low the detection limit. On the other hand, concentration
of lead in leaves of beech (and alder) apparently gradu-
ally rises. This approves that the distinct amount of
(mostly atmospheric) Pb (and possibly of other poorly
mobile elements which are present in the solid atmos-
pheric aerosol — Al, As and Fe) is irreversibly incorpo-
rated into the assimilatory organs in the course of their
lifetime. In spite of this, one may suppose that the con-
centration growth of other (generally essential) elements
in the assimilatory organs results mainly from the inter-
nal biochemical reasons, as their content in the atmos-
pheric aerosol is low compared with the detected content
in the tissues. The physiological role of an essential ele-
ment designates evidently its gradual concentration
changes in the tissues of assimilatory organs. Table III
shows that the concentration of Al, Ba, Be, Ca, Fe, Mn
and Sr tends to increase with the age of the assimilatory
organ, whereas the content of Cu, K, Mg, Ni and Rb
shows the gradual decrease. The increase of Mn in
spruce needles was described by Wyttenbach et al.
(1995a) who found this behavior of Mn at high concen-
trations (> 100 ppm), whereas at low concentrations they
observed its temporal decrease. The authors explain the
increase in Mn by its fixation in needles in the form of
MnC,0,4.2H,0 and they notice similar dynamic behav-
ior of Mn and Ca, whose concentration ratio remains
constant in different age classes. The temporal increase
of all the alkaline — earth elements (Ca, Sr, Ba) is de-
scribed in detail by Wyttenbach et al. (1995b). The
authors explain the increase by the fixation of all these
elements in tissues in the form of their oxalates,
MeC,0,4.H,0. The decrease of Rb (and Cs) was also
observed in Norway spruce needles by Tobler et al.
(1994), who found that the two elements finally reached
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constant values in old needles and that they are retranslo-
cated from older into younger needles. The authors also
found similar dynamic behavior of Rb and Cs to K, Mg,
Cu (and P, Cl) which was described in (Wyttenbach
et al., 1995a).The papers also describe a strong increase
of the ratio K/Rb with the needle age which is in agree-
ment with our observations. The same shift generally
holds also for the assimilatory organs of other studied
tree species (see Table IIT). The increase in Al and Fe
could be attributed to the deposition and capture of
poorly soluble solid forms of these typical terrigenous
elements, the temporal changes in other elements have
probably deeper and meaningful physiological reasons.
The comparison of concentrations of the individual ele-
ments in leaves of single tree species (beech) growing on
stands with the same bedrock, but with different nutrition
conditions (the height of the subsurface water table,
chemistry of the corresponding soil profiles) shows cur-
rently higher concentrations of Ba, Be, Ca, Cu, Mg, Ni,
Rb, and Zn in the beech leaves of the flat alluvial locality
1 with high water table, compared with the prone and
drier terrain of the loc. 4 (see Table III). Considerable
differences in the content of elements in beech leaves of
trees growing on various types of bedrock (loc. 4 and 7,
sampling date 1/2.11.) are necessary to ascribe to their
accessibility in the bedrock (Ba, Be, Ca, Cu, K, Mg, Mn,
Rb, Sr) or to the different amount of atmospheric fallout
(As, Pb, Zn). The contradictory differences in K (higher
concentration in beech leaves growing on carbonates)
and Rb (higher on granites) is reflected in highly diverse
values of the ratio K/Rb. The same trends were observed
in the concentrations of Ca and Sr. These major differ-
ences have to be attributed to the distinct types of sources
of the compared elements in the corresponding soils.

Evidence of considerable areal and temporal differ-
ences in the concentration of elements in assimilatory
organs and stem wood of the individual tree species,
even when they are growing on the same type of bed-
rock, is the main finding of the presented study results.
This fact necessitates extended and thorough sampling of
these tissues if they are designed to the refinement of the
biogeochemical cycles of elements in the experimental
landscapes.

CONCLUSIONS

Study of the content of Al, As, Ba, Be, Ca, Cd, Cu,
Fe, K, Mg, Mn, Ni, Pb, Rb, Sr and Zn in tissues of
selected tree species growing on soils developed on two
contrast types of the bedrock (granite and sedimentary
carbonates) revealed the following facts:

Higher concentrations of the studied elements in stem
wood of the same tree species were found in trees grown
on acidic bedrock.

Higher concentrations of Cd, Co, Cr, Mn, Pb and Zn
were found in the shallow rooting spruce stem wood, in
accordance with their higher content in the topmost soil
layers.
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The transfer indexes (77) of elements expressed as the
relative intensity of their incorporation into the wood
mass with respect to their availability in soil show very
low values for the toxic trace elements As, Be, and Pb,
whereas values by one to two orders higher were found
for the nutritional and essential metals (K, Ca, Zn) and
their chemical homologues Rb, Sr and Cd.

The highest 71 value was found for Ca in trees grown
in soil developed on granite which shows deficiency in
this element.

Generally higher 77 values of the elements were found
in trees grown on acidic soils.

Concentration of Al, Ba, Be, Ca, Fe, Mn and Sr in the
assimilatory organs of examined tree species generally
tends to increase with the age of the organ, whereas the
content of Cu, K, Mg, Ni and Rb shows the gradual
decrease due to their relocation into new tissues.

Concentrations of Ba, Be, Ca, Cu, Mg, Ni, Rb, and
Zn in the leaves of beech growing on the flat alluvial
locality on granite bedrock with high water table are
higher compared with trees growing on the prone terrain
with the same bedrock and deep water table.

Lower concentrations of Ba, Be, Cu, Mg, Mn, Rb and
Sr in beech leaves of trees growing in the karst region
than on granite bedrock are explained by their poorer
accessibility. Differing values for As, Pb and Zn prob-
ably result from various intensity of their atmospheric
fallout.

Chemical variability of the examined tree tissues is
high which has to be taken into account in the refinement
of the biogeochemical cycles of elements.
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Biogeochemické cykly kovii v prirodnim prostiedi: Faktory kontrolujici jejich obsah ve tkanich vybranych
druhu lesnich dievin.

Scientia Agric. Bohem., 33, 2002: 71-78.

V préci jsou popsany vysledky studia koncentraci Al, As, Ba, Be, Ca, Cd, Cu, Fe, K, Mg, Mn, Ni, Pb, Rb, Sr
a Zn v dfevni hmoté a borce buku a smrku, rostoucich na pidach vyvinutych na dvou vyrazné odliSnych typech
horninového podloZi (granitu a sedimentarnich karbonatech). Obsah t€chto prvki byl také stanoven v asimilacnich
organech buku, smrku, borovice, ol§e a modfinu v zdvislosti na stafi organt, chemickém sloZeni podloZi a podmin-
kach stanovi$té. Cilem prace bylo posoudit intenzitu zabudovavani prvkid do stromové vegetace jako soucdst pod-
kladl pro vypodet jejich biogeochemickych cykli. Variabilita koncentraci prvkil v jednotlivych studovanych typech
tkani stromt je obecné velka. Vys§i koncentrace prvkl v dfevni hmoté téhoZz druhu byly nalezeny vZdy u stromi
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rostoucich na kyselém podloZi, pfi¢emZ vy$si koncentrace Cd, Co, Cr, Mn Pb a Zn byly zjiSt€ny v dfevni hmoté
mé&lce kofeniciho smrku, v souhlase s vy§§im obsahem téchto prvkl v nejsvrchnéjsim pidnim horizontu. Hodnoty
tzv. indexti prestupu (T1) prvkd, vyjadiujicich relativni intenzitu zabudovéavéani do dfevni hmoty vzhledem k jejich
dostupnosti v ptidé, jsou nizké u toxickych stopovych prvki As, Be, Pb, zatimco nutricni kovy a jejich homology
Cd, Rb a Sr maji hodnoty 77 o jeden aZ dva rady vy$si. Koncentrace Al, Ba, Be, Ca, Fe, Mn a Sr v asimilacnich
orginech ukazuji vzristajici trend s jejich stafim, zatimco obsah Cu, K, Mg, Ni a Pb se zde postupné sniZuje.
Koncentrace Ba, Be, Ca, Cu, Mg, Ni, Rb a Zn v listech buku rostouciho na granitickém podloZi s vysokou hladinou
podzemni vody jsou vy§si ve srovnani se stromy rostoucimi v mistech s hlubsi hladinou. NiZ8i koncentrace Ba, Be,
Cu, Mg, Mn, Rb a Sr v listech buku rostouciho na padach s podloZim karbondt neZ u stromi rostoucich na granitu
jsou vysvétlovany jako disledek horsi dostupnosti téchto prvki v pfislusné pudé, zatimco rozdilné hodnoty koncen-
traci As, Pb a Zn na obou lokalitich jsou pravdépodobné zplisobeny riiznou intenzitou atmosférického spadu.
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