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Abstract
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The paperinforms of N, P, K, Caand Mg-contents in the selected organs (tissues) of 4-year old Norway
spruce (Picea abies /L./ Karst.) and 3-year old European beech (Fagus sylvatica L.) transplants after two
years of Mg fertilization (100 kg Mg.ha '.year!) in the form of magnesium sulphate, and N fertiliza-
tion (100 kg N.ha'.year') in the form of ammonium sulphate. Analyses of buds, needles/leaves, bark
and wood of above-ground part, fine roots (< 1 mm) and small-diameter roots (> 1 mm) showed that
the greatest amounts of uptaken nutrients are in both tree species stored in assimilatory organs and
in buds. The increased supply of nitrogen showed most in small-diameter roots (spruce), and in root-
wood, and wood of stem and branches (beech). The two species responded to the increased supply of
magnesium by increasing the bioelement content in root-wood and in fine roots. The increase of Mg-
content in leaves occurred only in the second year of the fertilization.

European beech, Norway spruce, transplants, nutrition, needles, buds, wood, roots, nitrogen,

magnesium

Adequate supply of nutrients and water in suit-
able conditions is a basic prerequisite for growth, de-
velopment and vitality of tree species. One-sidedly
high supply of an element may lead to unbalanced
nutrition if other nutrients are not available at suf-
ficient amounts. Unequal nutrition is considered by
many authors one of reasons to the worsened health
condition of forest trees (DIJK and ROELOFS, 1988;
GEBAUER and SCHULZE, 1988). Damage to for-
est stands has been recently put into relation with
increased nitrogen depositions and with a reduced
content of basic cations namely Mg in the soil en-
vironment due to both natural and anthropogenic
acidification.

Nitrogen is a basic building stone of aminoacids,
nucleic acids, proteins and enzymes. Therefore it is
key of importance in the metabolism of plants and
cannot be substituted by any other element. Nitro-

gen deficiency manifests in the changed colour of
assimilatory organs, in the decreased production of
proteins and in the retarded growth. Increased nitro-
gen uptake supports vegetative growth, inducing en-
largement of assimilatory area and rich green colou-
ration of leaves (BERGMANN, 1983). High content
of nitrogen is usually connected with the accumu-
lation of organically fixed soluble nitrogen. This
means that a great amount of nitrogen - in spite of
being uptaken- cannot be converted into proteinic
nitrogen (HEINSDOREF, 1991). Nitrogen affects car-
bon distribution within the plant, synthesis of anti-
bodies and sugar reserves (VOGT et al., 1993). Tt has
an important place among nutrients with respect to
its influence on the development of fine roots. Nega-
tive relation between soil nitrogen supply and bio-
mass of fine roots was described by many authors
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(TOLLE, 1967; HEINSDORF, 1976; VOGT et al., 1990
and others).

Magnesium intervenes into a range of metabolic
processes of plants, too. Its role is important in chlo-
rophyll in which it is fixed in the porphyrin core. Ac-
cording to RYANT et al. (2004), as much as 15-20%
of total Mg in the plant is fixed in chlorophyll. Mg
deficiency results not only in the reduced content of
chlorophyll and carotenoids but also in the changed
activity of some enzymes, affecting the retransloca-
tion of assimilates most likely through the collapse
of sieve-tubes in the phloem. The result is a reduced
growth of roots while the growth of above-ground
part remains unchanged (FINK, 1992). Tt is also an
excessively high Mg concentration in the soil that
may impair the Ca and Mg balance in the plant. Ac-
cording to BERGMANN and NEUBERT (1976) and
ZELENY (1993), high Mg concentrations in the soil
do harm namely roots due to Ca deficiency.

The nutrition of trees is usually assessed on the ba-
sis of element contents in the assimilatory apparatus,
which are related to the reference values of various
scales for optimum/deficiency contents of individ-
ual elements in annual needles or leaves (BERG-
MANN, 1983; CAPE et al., 1990; GUSSONE et al.,
1991). Data on element contents in other organs or
tissues are very scarce and were gained in connexion
with studying the reasons of Norway spruce decline
(OREN et al., 1988; OSONUBI et al., 1988).

The work aims at providing additional data on
the organs (tissues) of Norway spruce and European
beech transplants, in which the bioelements of nitro-
gen and magnesium are stored after their increased
amounts supplied into the soil.

MATERIAL AND METHODS

The experiment was established with Norway
spruce (Piceaabies /L./ Karst.) 2+0 seedlings and Euro-
pean beech (Fagus sylvatica L.) 1+0 seedlings planted
into 10-litre plastic containers filled with 9 kg of soil
and 2 kg of drainage material at the bottom. A dish
to catch seeping irrigation water which was returned
back to prevent washout of supplied nutrients was
placed under each container.

Contents of available nutrients in the soil for trial
establishment were measured in leaches by us-
ing the Mehlich IIT solution. Phosphorus was de-
termined spectrophotometrically as the phosph-
omolybden blue, potassium by atomic emission
spectrophotometry, calcium and magnesium by
the method of flame atomic absorption spectropho-
tometry (ZBIRAL, 2002). A comparison with the va-
lues of available nutrients on natural forest sites indi-
cated (VAVRICEK, 2001) soil of average acidity (pH/
KCl =4.7),low phosphorus content (11 mg.kg), ave-
rage potassium content (68 mg.kg!), average magne-
sium content (53 mg.kg!) and average calcium con-
tent (447 mg.kg). In terms of physical properties
the soil in question was sandy loam up to loamy sand
of low humus content and lower sorption capacity.

The pot experiment had three variants for
each tree species: Control (no fertilization), Ni-
trogen (100 kg N.ha'lyear') and Magnesium
(100 kg Mg.ha'.year'). Nitrogen was supplied in
the form of ammonium sulphate and magnesium
was supplied in the form of magnesium sulphate.
The total annual dose of fertilizers was all times split
into six doses, which were supplied to soil in 2004 on
24 May, 7 June, 12 July, 28 July and 12 August, and in
2005 on 17 May, 30 May, 15 June, 5 July, 26 July and
11 August. Each variant included 25 plants at the be-
ginning of the experiment which was commenced in
the spring of 2004 and ended in the autumn of 2005.

Organs and tissues of Norway spruce and Euro-
pean beech seedlings resp. were analyzed prior to
the establishment of the trial and at the end of thel®
and 2" growing periods. In the Norway spruce seed-
lings separate analyses were made of buds, the 1*
and 2" year of needles, bark and wood of above-
ground part, fine roots (< 1 mm) and small-diame-
ter roots (> 1 mm). In the European beech seedlings
separate analyses were made of buds, bark and wood
of above-ground part, root cortex, root-wood and
fine roots. The analyses were implemented by stan-
dard procedures used in the accredited laboratory
in Brno. All above mentioned organs (tissues) were
measured for N, P, K, Ca and Mg-contents. Total ni-
trogen content was established from the minerali-
zate according to Kjeldahl on the Kjeltec AUTO 1030
Analyzer Tecator (ZBIRAL, 1994). Plant material
samples were mineralized by the wet method in sul-
phuric acid with the addition of hydrogen peroxide
under the catalytic action of selenium. The con-
tents of bioelements were detected by the AES-ICP
method with using an optical emission spectrometer
with the induction-fixed plasma (ZBIRAL, 1994).

RESULTS

The comparison of N, P, K, Mg and Ca contents
in annual spruce needles with their limit contents
(BERGMANN, 1983) corroborated that the spruce
seedlings used for the trial establishment were sup-
plied with the optimum contents of all nutrients.
The analyses of individual needle years, buds, bark
and wood of above-ground part and roots (Tab. I)
demonstrated that seedlings with the optimum nu-
trition exhibited at the beginning of the growing
season the highest contents of studied bioelements
in buds (N) and in the2" needle year-class (P, K, Ca,
Mg).

Fertilization with ammonium sulphate (var. Nitro-
gen) and magnesium sulphate (var. Magnesium) dur-
ing the 1* growing season increased the content of
both elements in organs (tissues) of the transplants
(Tab. II). The content of nitrogen increased very
markedly in the 1* and 2" needle-years but the rela-
tively greatest increase was recorded in small-dia-
meter roots. After the second growing season in
which the spruce transplants were supplied an in-
creased amount of nitrogen, the element content in
all monitored parts of the plants further increased



Bioelement contents in the planting stock tissues of Norway spruce (Picea abies /L./ Karst.)

261

with a relatively greatest increase being found in
small-diameter roots and in the wood of above-
ground part (Tab. III).

In the first year of the experiment the spruce
transplants responded to the increased magnesium
supply only by an increased content of this element
in the wood of above-ground part and in fine roots.
Only after the second year of Mg fertilization an in-
crease of about 50% was recorded in the last needle-
year. A much more pronounced (more than double)
increase of its content was however recorded in fine
roots, in small-diameter roots and in the wood of
above-ground part (Tab. ITI).

The analysis of dormant beech seedlings at the be-
ginning of the experiment revealed that the high-
est deposits of all macrobioelements were stored in
fine roots (N, P, K, Mg). An exception was Ca that was
in considerable amounts detected in the root cortex
and in the bark of stem and branches (Tab. IV).

Nitrogen fertilization (var. Nitrogen) showed
in an increased content of this element in all ana-

lyzed beech transplants — most in root-wood and in
the wood of stem and branches while the increase of
its content in leaves was considerably lower (Tab. V).
After the second year of N fertilization, the bioele-
ment content in root-wood as well as in the wood of
stem and branches and in the root cortex of beech
transplants further grew. The relative increase in
leaves was less significant as compared with that re-
corded in root-wood (Tab. VI).

Towards the end of the first growing season the fer-
tilization with magnesium showed in an increased
content of this bioelement in fine roots and in
the wood of roots with the increase of Mg content in
leaves being relatively smaller similarly as in the case
of nitrogen (Tab. V). The fertilization induced a sig-
nificantly increase Mg-content in leaves only after
the second year; however, arelatively comparable in-
crease was recorded also in fine roots, root-wood and
root cortex (Tab. VI).

I: Bioelement contents in the dry matter of individual organs and tissues of Norway spruce seedlings at the beginning of the ex-

periment (Spring 2004)
) Bioelement content in dry matter
Organ (tissue)
N (%) P (%) K (%) Ca (%) Mg (%)
Fine roots 0.98 0.19 0.44 0.71 0.11
Small-diameter roots 036 0.09 030 032 0.07
Bark of above-ground part 113 0.19 0.65 0.61 0.12
Wood of above-ground part 0.53 0.10 035 0.17 0.05
Is'needle year-class 134 0.21 0.70 0.74 011
2" needle year-class 131 0.43 0.88 1.27 0.20
Buds 212 036 0.78 0.56 0.15

I1: Bioelement contents in the dry matter of individual organs and tissues of Norway spruce transplants (Autumn 2004)

Bioelement contents in dry matter

N (%) P (%) K (%) Ca (%) Mg (%)
variant | = | 5| E|l=s|s|E|=s|glE|l=s|s|E|=|zg|E
h [=Yo] %) b [=Y0) %] b V0] %] b Vo) %] b [=Yo) 7]
s| 2l gl<s| gl el elelzs| 2] eleg]| 2l e
Q = 21) Q = 1) Q b Y] Q b ) Q = 21
)] z < O z < )} z < ) z < )] z <
= p= = = =
Fine roots 1.07 | 1.64{1.03[0.10 | 0.10 | 0.09 | 0.09 | 0.61 | 0.60| 032 | 0.27 | 0.24 | 0.09 | 0.05 | 0.12
f;?)fil'diam' 0.421.08 | 0.44|0.03 | 0.05 [ 0.03 [ 0.20| 030|030 | 0.25 | 0.22 | 0.22 | 0.05 | 0.04 | 0.06
AGP* bark 0.81] 131072 [0.06|0.07|0.05 | 0.45 | 0.56 | 0.62 | 0.60 | 0.59 | 0.65 | 0.09 | 0.09 | 0.11
AGP*wood 0.50|0.55]038[0.03|0.03{0.03|0.21]036|0.44|0.21|0.16 | 0.19 | 0.04 | 0.05 | 0.08
Ityearneedles | 1.43|274|1.44]0.07|0.07|0.07 | 073 [ 071 |0.85|0.64|0.69 | 0.61|0.17 | 0.17 | 0.18
2Myearneedles  [1.21[2.291.13 0.08|0.07|0.07|071 [0.75 | 1.04 | 095|091 | 1.00| 0.16 | 0.14 | 0.16
Buds 134 1.62[1.23]016 017|014 |0.60|1.03 | 1.02 | 033|037 0.40|0.13 | 012 0.13

*AGP - above-ground part
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IIT: Bioelement contents in the dry matter of individual organs and tissues of Norway spruce transplants (Autumn 2005)

Bioelement contents in dry matter
N (%) P (%) K (%) Ca (%) Mg (%)

vt |z 6| E|lslelS]z|8|E|=s|8|lE|s]sgls
Sl E|S|E|S| L E|E|S|E|S|ElE|lEE
S|lE| 2|S|2|2|S|2| 28|28 2
= = = = =
Fine roots 1.01|1.87|0.87|0.080.09 |0.08 | 037 | 030|045 [ 038|050 [ 036 | 0.04 | 0.04 | 0.14
f;?)il'diam' 0.45|1.08{0.40 | 0.03 [ 0.04[0.04| 019 | 016 |0.22|0.25| 037 | 0.26 | 0.03 | 0.04 | 0.07
AGP* bark 099 [1.95(0.90 [ 0.06|0.05 | 0.07 | 0.46 | 039 | 0.43 | 0.59 | 0.59 | 0.69 | 0.10| 0.10 | 0.15
AGP*wood 0.410.89|0.41|0.04|0.03 |0.04[0.26|0.22|0.40 | 0.20 | 0.26 | 0.18 | 0.05 [ 0.05 | 0.12
Istycar needles [1.98(333 (173 |0.09|0.08|0.08|0.56 [0.59|0.51[0.80| 071 |0.66 | 0.13 | 0.13 [0.20

2nd year needles not measured
Buds 151]1.24]134]014]0.15| 015|071 [1.01] 074|031 ] 0.40]0.27] 0.09 | 0.20] 015

*AGP - above-ground part

IV: Bioclement contents in the dry matter of individual organs and tissues of European beech seedlings at the beginning of
the experiment (Spring 2004)

) Bioelement contents in dry matter
Organ (tissue)
N (%) P (%) K (%) Ca (%) Mg (%)
Fine roots 1.74 0.23 0.70 0.60 0.19
Root-wood 132 0.15 0.27 0.10 0.14
Root cortex 1.19 0.10 0.60 2.45 0.15
Stem and branch wood 1.06 0.09 031 0.14 0.11
Stem and branch bark 131 0.10 0.46 2.55 0.15
Buds 1.24 0.16 0.41 0.55 0.12

V: Bioelement contents in the dry matter of individual organs and tissues of European beech transplants (Autumn 2004)

Bioelement contents in dry matter

N (%) P (%) K (%) Ca (%) Mg (%)
Variant S| & % 3| 8 % 3| 8 % 3| 8 % 3| 8 §
jj =Yo] (7] jj Lo n jj =Yo] 0 b =Yo] n jj =Yo] 0
c| gl &lcg|g|&lg|8le|lg|lg|glege| g s
Q = ) Q = ) Q = ) Q = &0 Q = )
Q z < Q z < ) z < Q z < ) z IS
= = = = =
Fine roots 0.68]1.06/0.86[0.06|0.07|0.07|0.46 {0.55|0.60|0.26|0.29|0.28 |0.10{0.14 | 0.17
Root-wood 030(0.79]0.50|0.030.03]0.06|0.35|0.23|0.32/0.12{0.13|0.14|0.07 |0.06 | 0.10
Root cortex 0.71{1.18(0.80|0.05|0.05|0.05[0.48{0.40|0.50(2.21|2.79(2.97(0.11|0.10|0.15

Stem and branch wood|0.48|1.16|0.36 | 0.05|0.09 |0.05 | 0.28|0.22 {0.27|0.33 | 0.33 | 0.28 | 0.05|0.07 | 0.07
Stem and branch bark [0.83|1.10|0.83|0.05|0.05|0.05{0.31|0.28|0.35|1.66|1.98|1.61|0.07|0.08|0.08
Buds 0.98]1.08{1.19(0.11{0.10|0.11 {0.47|0.64|0.52|0.43|0.38 |0.40|0.11 |0.10| 0.13
Leaves 1.4412.12|1.58|0.09(0.09|0.09 0.44|0.52|0.47|1.23|1.15|1.20|0.20|0.19]0.23
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VI: Bioelement contents in the dry matter of individual organs and tissues of European beech transplants (Autumn 2005)

Bioelement contents in dry matter
N (%) P (%) K (%) Ca (%) Mg (%)
= = = = =
Fine roots 0.76 [ 1.26|0.71 {0.05 [ 0.06 [ 0.05 [ 0.29|0.390.39 | 0.31 | 0.24|0.25 | 0.06 | 0.11| 0.13
Root-wood 0.42]1.27/0.31|0.02|0.03]0.03|0.21{0.25|0.25|0.20|0.19|0.19|0.05|0.08 | 0.12
Root cortex 0.64|132]0.61]0.03]0.05|0.03|0.37{0.35|0.35|1.15|1.90|1.47|0.07|0.13 | 0.15
Stem and branch wood|0.26 | 0.59|0.27 [ 0.02|0.02 |0.03|0.220.29{0.230.23 | 0.20| 0.19 | 0.05|0.07 | 0.10
Stem and branch bark [0.85|1.14|0.76 |0.03|0.04|0.04|0.27|0.24|0.27|1.982.13|1.88{0.08|0.11 | 0.15
Buds 1.11{136(132{0.09/0.11{0.12|0.56|0.73|0.62 |0.60|0.41|0.53|0.12 {0.13|0.18
Leaves 131(2.24|1.40|0.06|0.07|0.06|0.45|0.47|0.56|0.70 | 0.76 | 1.00|0.13 | 0.19 | 0.30
DISCUSSION In order to achieve a rapidly increased Mg uptake we

A precondition for the successful growth and good
health condition of tree species is a sufficient sup-
ply of all basic bioelements. The supply depends on
the content of available nutrients in the soil, which
is above all predetermined by the character of soil-
forming material but may change due to fertilization
or anthropogenic deposition. Those processes may
improve the nutrition status or they may conversely
provoke imbalance of nutrients that would result
in metabolic changes and even in growth disorders.
The supply of individual nutrients to trees is deter-
mined from their contents in annual needles or fo-
liage. Nevertheless, it is well known from literature
that plants do not respond to fertilization with some
elements immediately by increasing their contents
in assimilatory organs. Therefore a question comes
along whether the increased uptake of some nutri-
ents can be detected before it shows in leaves or nee-
dles, and in what plant organs or tissues the elements
accumulate at higher amounts.

Reason being the ever increasing depositions
of nitrogen compounds, we studied the response
of spruce and beech transplants on an increased
amount of nitrogen which was supplied in the form
of ammonium sulphate because according to some
authors (AARNES et al., 1995) conifers prefer a re-
duced (ammonium) form of nitrogen. Moreover,
supplying nitrogen in this form increases the pro-
bability of an earlier “saturation” of the plant with
the bioelement. Magnesium is one of elements
washed outfrom the soil in consequence of acidifica-
tion and trees suffer from its deficiency. Acute symp-
toms of magnesium deficiency can be eliminated by
fertilizers of different chemical fixation and solubi-
lity (HUTTL and SCHAAF, 1997). Salts of MgSO, are
soluble most and their application is therefore re-
commended if a Mg deficiency demonstrated by leaf
analyses calls for a fast solution (HORN et al., 1987).

used this type of fertilizer in our experiment.

Spruce transplants in our experiment responded
to nitrogen fertilization by increasing the content of
this element in all analyzed organs/tissues with the N
content in needles being increased in the first year
nearly to a double (from 1.43% to 2.74%) but a rela-
tively higher increase of its content was recorded in
small-diameter roots (from 0.42% to 1.08%, i.e. by
157%). In the following growing season the nitro-
gen fertilization increased the N content in needles
to 3.33%; however, a relatively greater N-content in-
crease was again found in small-diameter roots and in
the wood of above-ground part. Similarly, the N-con-
tent in European beech leaves increased after the 1
and 2" year of fertilization but a relatively greater part
of the uptaken N was accumulated in root-wood and
in the wood of stem and branches. The immediate in-
crease of N-content in needles after the fertilization
is not in compliance with data published for exam-
ple by HOFFMANN et al. (1990) who found in a trial
with pine in the first year only an insignificant in-
crease of N-content in needles (from 1.4% to 1.5%) re-
gardless of supplied N dose, and recorded an increase
to 2.0% only in the third year. A similar dynamics of
the gradually rising N-content in needles was de-
scribed in pine also by KRAUSS (1965) and FIEDLER
and HOHNE (1965). A slowly increasing N-content
in all needle year-classes after the repeated supply of
ammonium sulphate at 100 kg N.ha'.year' was ob-
served in spruce also by NILSSON and WIKLUND
(1994). The differences may result from the varied age
of the analyzed experimental material as the authors
analyzed needles originating from older stands.

The increased nitrogen uptake influenced the up-
take of other bioelements. The variant with nitrogen
fertilization showeda decreased phosphorus content
after the second growing period, which corresponds
with the findings of FIEDLER and HOHNE (1965).
The authors observed the nitrogen fertilization to
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have suppressed the phosphorus content in the first
year, which however later increased in the course of
the experiment. With respect to the end of our trial
we could not confirm the trend butit can be expected
that it would not have shown as the used soil had
a very low P-content. Also, PAHLSSON and BALS-
BERG-PAHLSSON (1992) recorded a decreased P-
content in the leaves of beech trees fertilized with ni-
trogen. Neither this finding was corroborated in our
experiment. As compared with the nitrate nitrogen
a high uptake of ammonium nitrogen suppressed
the uptake of cations, namely Ca and Mg, its effect
on them being antagonistic (LTU and HUTTL, 1991).
The ammonium form of nitrogen is suppressing also
the potassium resorption and the N-fertilization in-
duces a K-deficiency in needles (LUNDBERG and
RAVNSBAEK, 1992). Although we cannot corrobo-
rate the finding (the K-content in needles did not
change essentially after the two years of fertiliza-
tion), a mild decrease was recorded of its content in
other analyzed parts of transplants (with an excep-
tion of buds) — see Table I11.

The level of magnesium nutrition is assessed by
the bioelement content in needles. Analyses of other
tissues were made seldom and at all times in con-
nection with the decline of spruce trees related to
imbalanced mineral nutrition. Having compared
the healthy spruce trees and the spruce trees exhib-
iting damage symptoms ZOTTL (1985) detected Mg-
content differences between the youngest needles of
healthy and damaged trees while the Mg-contents in
fine roots did not show the differences. More detailed
analyses of the respective tissues and organs in dama-
ged and healthy spruce trees were made by OREN et
al. (1988) who concluded that the Mg-content is sub-
ject to fluctuation during the growing season and
that greatest variances between healthy and damaged
trees occur in needles and branches, and less in stem
bark while the Mg-contents in stem wood and in fine
roots do not differ. If the Mg-contents in plant organs
and tissues analyzed by us are compared with the data
reported by OREN et al. (1988) for healthy trees, they
are very similar except for needles in which we found
a higher content. In our experiment the Mg-con-
tent in needles of the 1¢ and 2™ year-class remained
nearly unchanged after the 1 year of fertilization
while HORN et al. (1987) detected after MgSO, appli-
cation a Mg-content in needles of the last year-class
increased by 65% as compared with the unfertilized
control. In our experiment, however, an expressive
Mg-content increase occurred in fine roots, small-
diameter roots and in the wood of above-ground part.
This might have been caused by a good Mg supply to
our transplants (0.13% Mg in annual needles), which
suggests that the Mg reserve in the plant s likely to ex-
ceed the actual requirement.

The obtained results indicate that an increased ni-
trogen uptake or an excessive magnesium fertiliza-
tion show particularly in roots and in the wood of
above-ground part. The use of the analyses of these
organs or tissues for the detection of incipient de-
position is however much more labourious than

the sampling of needles or leaves and their use is
connected with some methodological problems, too.
Furthermore, itwould call for a scale of the sufficient
content that may differ for young and mature trees.

SUMMARY

The assessment of tree species nutrition status
dwells on the contents of individual bioelements in
annual needles or leaves which were to be compared
with the scales of optimal bioelement contents pub-
lished by various authors. In some cases, the tree
species did not respond to the supply of nutrients
through fertilization or to the anthropogenic depo-
sition by an immediate increase of the bioelement in
their assimilatory apparatus. The goal of this work
was therefore to find out what organs or tissues of
Norway spruce (Picea abies /L./ Karst.) and European
beech (Fagus sylvatica L.) preferrably deposit nitrogen
and magnesium uptaken by the plant.

Norway spruce seedlings aged 2 years and 1-year
old seedlings of European beech planted into con-
tainers filled with soil from the forest stand were fer-
tilized 2 years with nitrogen (100 kg N.ha'.year™) in
the form of ammonium sulphate or with magnesium
(100 kg Mg.ha '.year)in the form of magnesium sul-
phate. The total annual fertilization dose was broken
down to 6 parts to be supplied into the soil at regular
intervals from mid-May to mid-August. The N, P, K,
Ca and Mg contents in buds, needles or leaves, bark
and wood of above-ground part, fine roots (roots up
to a diameter of 1 mm) and low-diameter roots (roots
of a diameter larger than 1 mm) were measured at
the beginning of the experiment and at the end of
the first and the second growing period.

Results revealed by the analyses are as follows:

e The highest amounts of Mg, P, K and Ca recorded
in 2-year dormant spruce seedlings with an opti-
mum supply of nutrients were stored in the 2
needle year-class. The highest N content was re-
corded in buds.

e The highest N, P, K and Mg-contents recorded in
1-year dormant (leafless) beech seedlings were in
fine roots. The highest Ca content was found in
the bark of stem and branches.

e Fertilization of Norway spruce transplants with
nitrogen induced after two years an increased N-
content in small-diameter roots (by 140%) and in
the wood of above-ground part (by 117%) while
the bioelement content in needles was only 68% as
compared with the control.

e Fertilization of Norway spruce transplants with
magnesium increased after two years the bioele-
ment content most in fine roots (by 250%), small-
diameter roots (by 130%) and in the wood of
above-ground part (by 140%) as compared with
the control.

e Fertilization of European beech transplants with
nitrogen induced an increased bioelement con-
tent in root-wood (by 200%) and in the wood of
stem and branches (by 120%) with the increase in
leaves being ca. 70% as compared with the control.
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e Fertilization of European beech transplants with  aboutan incipient saturation of the plant with nitro-
magnesium increased the bioelement content in  gen or excessive fertilization with magnesium earlier
root-wood (by 140%), in leaves (by 130%) and in  than those from the analyses of leaves. Considering
fine roots (by 117%) as compared with the control.  itslabouriousness and the absence of the knowledge

about the level of N- and Mg-contents in these parts

Results from the analyses of roots, root-wood and  of the plant, the procedure cannot be however so far
above-ground partwood can provide aninformation  recommended for practical use.

SOUHRN

Obsah vybranych biogennich prvki v pletivech sazenic smrku ztepilého (Picea
abies /L./ Karst.) a buku lesntho (Fagus sylvatica L.) po hnojeni dusikem a ho¥¢ikem
P¥i posuzovani stavu vyzivy dfevin se vychéazi z obsahti jednotlivych prvka v jednoletych jehlicich
nebo listech, které se srovnavaji se stupnicemi optimalntho obsahu prvkd, zvefejnénych rtiznymi
autory. Na doddvku Zivin hnojenim nebo v dtisledku antropogenni depozice d¥eviny v nékterych pii-
padech nereaguji bezprostFedné zvysenim obsahu prvku v asimilaénich organech. Cilem prace bylo
proto zjistit, ve kterych organech nebo pletivech smrku ztepilého (Picea abies /L./ Karst.) a buku lesni-

ho (Fagus sylvatica L.) se uklada pFednostn¢ dusik a ho¥¢ik pfijaty rostlinou.

Dvouleté semendacky smrku a jednoleté semenéacky buku, které byly vysazeny do nddob naplnénych

zeminou z lesniho porostu, byly dva roky hnojeny dusikem (100 kg N.ha.rok™) ve form& siranu

amonného nebo hot¢ikem (100 kg Mg.ha'.rok?) ve form& siranu hofe¢natého. Celkové ro¢ni ddvka
hnojiv byla rozpo¢itina na Sest dilt, které byly do ptidy dodavany v pravidelnych intervalech od po-
loviny kv&tna do poloviny srpna. Na po¢atku experimentu a na konci prvni a druhé vegetaéni perio-
dy byl zjistovan obsah N, P, K, Ca a Mg v pupenech, jehlicich, resp. listech, kiife a dfevé nadzemni ¢as-
ti, jemnych ko¥enech (kofeny do priiméru 1 mm) a slabych ko¥enech (kofeny o praméru vétsim nez

1 mm). Z analyz vyplynulo, Ze:

- ve dvouletych dormantnich semenagcich smrku optimalné zdsobenych Zivinami bylo nejvét-
3 mnozstvi Mg, P, K a Ca uloZeno v jehlicich druhého ro¢niku, nejvetsi obsah N byl zjisten
v pupenech,

- vjednoletych dormantnich (bezlistych) semenaécich buku byl zjistén nejvyssi obsah N, P, K a Mg
v jemnych kofenech, nejvy3si obsah Ca byl zjistén v kiiFe kminku a vétvi,

- hnojeni smrkovych sazenic dusikem vyvolalo po dvou letech zvy3Seni obsahu N ve slabych ko¥e-
nech (o0 140 %) a difev€ nadzemni €4sti (o 117 %), zatimco nartst jeho obsahu v jehlicich ¢inil pouze
68 % oproti kontrole,

- hnojeni smrkovych sazenic hoi¢ikem zvysilo po dvou letech jeho obsah nejvice v jemnych kofe-
nech (0 250 %), slabych kotenech (o0 130 %) a dfevé nadzemni &asti (0 140 %) oproti kontrole,

- hnojeni bukovych sazenic dustkem vyvolalo nartist jeho obsahu ve d¥eve kofenti (o 200 %) a dfeveé
kminku a vétvi (o 120 %), nartist v listech byl pouze cca 70 % oproti kontrole,

- hnojeni bukovych sazenic hot¢ikem zvysilo jeho obsah ve dfevé koFenti (0 140 %), vlistech (0 130 %)
ajemnych kofenech (o 117 %) oproti kontrole.

Vysledky analyz kofend, resp. dfeva kofenti a dfeva nadzemni ¢asti mohou informovat o po&inajicim
nasycovani rostliny dusikem nebo ho¥¢ikem dfive nez analyza listdl. Vzhledem k vysoké pracnosti
a absenci znalosti optimdlniho obsahu N a Mg v t€chto ¢éstech rostliny nelze v3ak zatim postup do-
porucit k praktickému vyuziti.

buk lesni, smrk ztepily, sazenice, vyziva, jehlice, pupeny, d¥evo, kofeny, dusik, hoi¢ik
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REFERENCES BERGMANN, W., NEUBERT, P,, 1976: Pflanzendia-
gnose und Pflanzenanalyse. VEB Gustav Fischer
AARNES, H, ERIKSEN, A. B, SOUTHON, T. E,  Verlag Jena, 7115,
seedlings of Norway spruce (Picea abies) measured  pARKINSON, J. A., WOLFENDEN, J. 1990:
by in vivo N and "N NMR spectroscopy. Physio- The nutritional status of Picea abies (L.) Karst. across
logia Plantarum, 94, p. 384-390. ) ) Europe, and implications for forest decline, Trees,
BERGMANN, W, 1983: Erndhrunsstérungen bei 4,p.211-224.

Ku]turpﬂanzen. Entstehung und Diagnose. VEB DI]K H. F. G. VAN. ROELOFS ] G. M. VAN, 1988:
Gustav Fischer Verlag Jena, 614 S. ’ ’ ’ ’



266

E. Paldtovd, O. Mauer, J. Libus

Effects of excessive ammonium deposition on
the nutritional status and condition of pine nee-
dles. Physiologia Plantarum, 73, p. 494-501.

FIEDLER, H.J.,, HOHNE, H., 1965: Beitrag zur Stick-
stoffdiingung mittelalter Kiefernbestinde. In: In-
ternationales Symposium “Aktuelle Probleme der
Kiefernwirtschaft”, 28. 9.-3. 10. 1964, Eberswal-
de, Deutsche Akademie der Landwirtschaftwis-
senschaften zu Berlin, S. 639-648.

FINK, S., 1992: Physiologische und strukturelle Ver-
dnderungen an Biumen unter Magnesiumman-
gel. In: Glatzel, G., Jandl, R., Sieghardt, M., Hager,
H. (Eds.). Forstliche Schriftereihe Universitit fiir
Bodenkultur Wien, S. 16-26.

GEBAUER, G., SCHULZE, E. D., 1988: Forest de-
cline of spruce as a result of nutrient imbalance
and nutrient stress. Aspets of Applied Biology, 17,
p. 123-130.

GUSSONE, H. A. a kol., 1991: Forstliche Diingung,
Auswertungs- und Informationsdienst fiir Erndh-
rung, Landwirtschaft und Forsten (AID). Bonn,
16S.

HEINSDORE, D., 1976: Feinwurzelentwicklung in
Kiefernbestockungen unterschiedlichen Alters
nach N-Diingung. Beitrige fiir die Forstwirtschaft,
10, S.197-204.

HEINSDOREF, M., 1991: EinfluB der Emission N-hal-
tiger Abprodukte auf Erndhrungzustand und My-
korrhizaentwicklung von benachbarten Kiefern-
stangenholzern. Beitrige fir die Forstwirtschatft,
25,S.62-65.

HOFMANN, G., HEINSDOREF, D., KRAUB, H. H.,
1990: Wirkung atmogener Stickstoffeintrige auf
Produktivitit und Stabilitit von Kiefern-Forst-
okosystemen. Beitrdge fir die Forstwirtschaft, 24,
S.59-73.

HORN, R., ZECH, W,, HANTSCHEL, R., KAUPEN-
JOHAN, M., SCHNEIDER, B. U, 1987: Zusam-
menhinge zwischen Bodeneigenschaften und
Waldschidden. Allgemeine Forstzeitschrift, 12,
S.300-302.

HUTTL, R. F, SCHAAF, W, 1997: Magnesium de-
ficiency in forest ecosystems. Kluwer Academic
Pub, Dordrecht, 362 pp.

KRAUSS, H. H., 1965: Auswirkung mehrmaliger
jahrlicher Diingung auf Erndhrung und Wachs-
tum einer Kiefern-Vollumbruchkultur. In: Inter-
nationales Symposium “Aktuelle Probleme der
Kiefernwirtschaft”, 28. 9.-3. 10. 1964, Eberswalde,
Deutsche Akademie der Landwirtschaftwissen-
schaften zu Berlin, S. 661-668.

LIU, J.C.,HUTTL, R.F,, 1991: Relations between da-
mage symptoms and nutritional status of Norway
spruce stands (Picea abies Karst.) in southwestern
Germany. Fertilizer Research, 27, No. 1, p. 9-22.

LUNDBERG, J., RAVNSBAEK, P. F. V, 1992: Skov-

godsking pa heden. Godskning of aeldre rodgran.
Fertilizer treatment of forests heathland: old Nor-
way spruce. Beretning Hedeselskabets Forskn-
ingsvirksomhed, No. 50, 77 pp.

NILSSON, L. O., WIKLUND, K., 1992: Influence of
nutrient and water stress on Norway spruce pro-
duction in south Sweden - the role of air pollu-
tants. Plant and Soil, 147, p. 251- 265.

OREN, R., WERK,K.S.,SCHULZE, E.D., MEYER, ],
1988: Performace of two Picea abies (L.) Karst. stands
at different stages of decline. VI. Nutrient concen-
trations. Oecologia, 77, p. 151-162.

OSONUBI, O.,OREN, K.S.,WERK,K.S.,SCHULZE,
E. D., HEILMEIER, H., 1988: Performance of two
Picea abies (L.) Karst. stands at different stages of de-
cline. VII. Nutrient relations and growth. Oecolo-
gia, 77, p. 1-6.

PAHLSSON, A. M. B., BALSBERG-PAHLSSON, A. M.,
1992: Influence of nitrogen fertilization on mine-
rals, carbohydrates, amino acids and phenolic com-
pounds in beech (Fagus sylvatica L.) leaves. Tree
Physiology, 10, p. 93-100.

RYANT, P, RICHTER, R., HLUSEK, J., FRYSCAKO-
VA, E., 2004: Multimedilni u¢ebni texty z vyZivy
rostlin. [online] Ustav agrochemie a vyZivy rost-
lin, MZLU v Brng, [cit. 2006-03-15]. Available at:
<http://www.af.mendelu.cz/agrochem/multitex-
ty/index.htm>

TOLLE, H., 1967: Durchwurzelungverhiltnisse mit-
telalter Kiefernbestinde. Archiv fiir Forstwesen,
16, S.775-779.

VAVRICEK, D., 2001: MoZnosti a postupy hnojeni
v lesnim hospodaéfstvi. MZLU v Brng, (rukopis),
14s.

VOGT,K.A.,VOGT,D.].,, GOWER,S.T,,GRIER, C.C,,
1990: Carbon and nitrogen interactions for forest
ecosystems. In: Persson, H. (ed.) Above and Below
Ground Interactions in Forest Trees in Acidified
Soils. CEC Air Pollution Research, Report No. 32,
p.203-235.

VOGT, K. A., PUBLICOVER, D. A., BLOOMFI-
ELD, ], PEREZ, J. M., VOGT, D. J., SILVER, W. L,
1993: Belowground responses as indicators of en-
vironmental change. Environmental and Experi-
mental Botany, 133, p. 189-205.

ZBIRAL, J,, 1994: Analyza rostlinného materiélu.
Jednotné pracovni postupy. SKZUZ Brno, 224 s.
ZBIRAL, J., 2002: Analyza ptid I. Jednotné pracovni

postupy, UKZUZ Brno, 159 s.

ZELENY, F, 1993: Vyziva rostlin a potieba hnojent
(Studijni zprava). Plant nutrition and fertilizing
need (Review). Ustav zemé&délskych a potravinar-
skych informaci, 59 pp.

ZOTTL, H. W, 1985: Waldschiden und Nahrele-
mentversorgung. Diisseldorfer Geobotanische
Kolloquien, 2, S.31-41.

Address

Doc. Ing. RNDr. Eva Palatova, Ph.D., prof. Ing. Old¥ich Mauer, DrSc., Ing. Ji¥i Libus, Ustav zaklad4n{ a p&sté&-
nilesti, Mendelova zemé&délska a lesnicka univerzita v Brng, Zemédélska 3,613 00 Brno, Ceska republika,

evapal@mendelu.cz



