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Prosperity of spruce plantation after application of dolomitic
limestone powder

I. KUNES

Czech University of Agriculture, Faculty of Forestry, Prague, Czech Republic

ABSTRACT: The subject of this paper was to assess the effects of pulverised dolomitic limestone applications on prosperity of
Norway spruce (Picea abies L.) plantation and on the soil in extreme ecological conditions of the Jizerské hory Mts. The characteris-
tics such as plant mortality, annual height increment, diameter of root collar (stem base diameter), crown diameter, nutrient analyses
and some data from soil analyses are evaluated in this paper. An eleven-year period of observations is summarised. According to the
observations and measurements carried out until now, the effect of limestone applications (1 kg per tree) on the spruce plantation

prosperity seems to be positive without any serious negative impacts on the soil.
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The Jizerské hory Mts. are border mountains in northern
Bohemia. A vast forest decline occurred in the highest
elevations of the Jizerské hory Mts. during the second
part of the 1970s and in the 1980s. High concentrations of
air pollutants and deposition of pollutants in the soil were
the main causes of this serious phenomenon. We consider
SO, that was generated on a massive scale by German
and Polish power stations at that time as one of the most
harmful substances. These power stations are located in
the basin at the foothills of the pollution-damaged moun-
tain range. They burnt, and in some cases they still burn,
brown coal of low quality with a high content of sulphur
and fluorine, which could be another noxious substance
for the forest ecosystems there.

The power plants in this area emitted enormous
quantities of pollutants not long ago. For instance:
900,000 tons of SO_ per year were emitted in 1990 (BAL-
CAR, PODRAZSKY 1994). Later in the 1990s a substantial
improvement occurred as a consequence of a decrease
in electric power production and the installation of des-
ulphurisation technologies. Nonetheless, the situation is
still very complicated. There arose vast clear-cut areas
in the Jizerské hory Mts. as a result of air pollution. The
total area of these clearings stabilised in 1995. It amounted
to 12,000 ha (BALCAR 1998). Finally, a larger portion
of the clear-cut areas has been reforested. Nevertheless,
it was achieved at the cost of heavy losses. The plants
set out at these sites miss the ecological protection of

older stands and are under strong environmental stress
(climate, remaining pollution impact and game damage).
Furthermore, the young stands are not fully ecologically
functional.

Hoofed game stocks that are above the contemporary
environmental capacity of the affected ecosystem pose
a big problem in the Jizerské hory Mts. (PODRAZSKY
1995). A reduction in the game population densities is
a hard and long-term task because of migration. But it
is necessary. The game cause damage to new plant and
almost eliminate natural seeding. As a consequence, very
stable grass coenosis that has a “pseudoclimax” character
is developed. Although these grass communities protect the
soil against direct wind and water erosion, they are not able
to prevent losses of organic matters from the soil (excessive
humus mineralisation) because the grass coenosis cannot fix
$0 many organic matters in its biomass and necromass as a
functional forest ecosystem can. Without successful refor-
estation of clear-cut areas by prosperous forest ecosystems
in the near future a high amount of nitrogen fixed in organic
components of soil could be lost instead of being trans-
formed and deposited into the biomass of new forests. The
organic carbon balance could also be heavily affected. The
point is that the mineralisation of organic carbon, which is
accelerated by deforestation of the site, is not compensated
by a sufficient input of organic litter produced by a vigorous
stand. Therefore the prompt restoration of functional and
stable forest ecosystems is of crucial importance.

This experiment was conducted in co-operation of Forestry and Game Management Research Institute — Opoc¢no Research Station
and Forestry Faculty of Czech University of Agriculture in Prague. It was funded under Research Project MSM 414100009 Resto-
ration of Functioning Forest Ecosystems of the Krusné hory Mts.
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MATERIAL AND METHODS

A planting experiment was established in the Central
Ridge of the Jizerské hory Mts. at an altitude of about
960 m a.s.l. in 1990. The mean annual air temperature
fluctuates between 4 and 5°C and the mean annual precipi-
tation is approximately 1,470 mm in this arca (BALCAR,
PODRAZSKY 1994, 1995). The bedrock is biotitic granite,
the soil type is determined as mountain humus podzol
(Ferro-humic Podzol according to the FAO terminology).
One of the aims of the experiment is to test the influence
of chemical amelioration on soil properties and on the
prosperity of tree species that are potentially suitable for
the restoration of forest ecosystems under air pollution
stress. A spruce plantation described in this paper is a part
of the experiment.

The experimental plantation consists of 10 subplots
(10 x 10 m) of Norway spruce (Picea abies L.). It was
planted in the spring of 1991. Each subplot contained
50 trees at the spacing of 1 x 2 m at that time. The planting
stock was 4 years old in 1991. The young spruce plants
originated from the Décinsko area (northern Bohemia).

In addition to control variant (4 subplots), two alterna-
tive limed variants were established:

— Surface application (3 subplots), i.e. 1 kg of dolomitic
limestone powder was applied onto the soil surface
around each tree, so that the limed area formed circles
around all trees of this variant. The circles were roughly
1 m in diameter.

— Planting pit application (3 subplots), i.e. 1 kg of dolom-
itic limestone powder was mixed with soil in the space
of planting pits during planting.

Dolomitic limestone from the pit Horni Lanov was used.
Chemical and structural properties of limestone powder:

The content of Ca was 21.5% and of Mg 11.3%. The
amelioration material consisted of 5.8% of particles with
the diameter over 1 mm, 16.3% of particles with the dia-
meter between 1.0 and 0.5 (mm), 20.4% of particles with
the diameter between 0.5 and 0.2 (mm) and 57.2% of
particles whose diameter was below 0.2 mm.

The paper summarises the outputs of measurements
that were made in an eleven-year period of observations
(1991-2001) including mortality, annual height incre-
ment, diameter of root collar (stem base diameter), crown
diameter, macronutrient analyses of assimilatory tissues
and soil chemistry. The mortality and annual increment
were established annually, the other characteristics usually
at longer intervals.

A scaled rod is used to measure tree height values and to
determine crown diameters. Tree height values are meas-
ured to the nearest +1 cm and those of crown diameters
to the nearest £10 cm. A calliper is used to measure stem
base diameters; the accuracy of these measurements is
+1 mm.

Except for mortality, the results of the other above-
mentioned biometrical characteristics were statistically
analysed using ANOVA, Homogeneity of Variance Test
— Bartlett’s Procedure and Multiple Comparisons. The
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chosen confidence level was 95%. The statistically pro-
cessed files consist of the data that belong only to the trees
surviving in 2001.

A form of presentation of statistical results: different
letter indexes at the values compared in pairs indicate
statistical differences. The values of Bartlett’s test are in
percentages: lower value than 5% could mean a further
partial decrease in the confidence of statistical conclusion
below 95%.

In addition to the above-mentioned characteristics of
trees, tree nutrition analyses were carried out and soil
properties were also determined (no detailed statistical
analysis).

Samples of assimilatory tissues for nutrition analyses
were taken in the off-season period (usually in the second
half of October) in 1994, 1996, 1999, 2000 and 2001.
A composite sample was formed for each variant and
consisted of the newest needle generation. The sampled
needles originated from annual shoots in the third whorl.
The nutrition analysis of assimilatory tissues is presented
in percentages of macroelements (N, P, K, Ca, Mg, S) in
dry matter of assimilatory tissues.

The outputs of soil analyses presented in this paper
originate from composite soil samples that were taken
by a soil corer directly from the space of planting pits
in the autumn seasons of 1993 and 1998. They originate
from the surface soil layer (a mixture of an ectogranic and
partially an endogranic humus horizon in the planting pit),
the depth of which is 20 cm.

The following chemical properties of fine earth were
determined: pH in water and 1 N KCl, soil adsorption
complex characteristics according to Kappen (S — base
content, H — hydrolytical acidity, T — cation exchange
capacity, V — base saturation), total carbon and nitrogen
(Kjeldahl) contents and plant available nutrients in 1%
citric acid solution. In this case, plant available P was
determined by the Spekol 210 apparatus, plant available
K by flame photometry, plant available Ca and Mg by
AAS.

The samples of assimilatory tissues and soil sam-
ples were analysed in the laboratory Tomas (FGMRI
— Research Station Opo¢no) by standardised procedures
(ZBIRAL 1994, 1995, 1996).

The limits of nutrient deficiency are based on commonly
used data (DE VRIES 1998) that were modified as a matter
of experience acquired on the experimental plot.

RESULTS
Plantation development
Mortality (Fig. 1)
Regardless of the variants, the young plantations of
spruce showed the highest rate of annual mortality (A.M.)
in the first four years after planting on the experimental

plot. This could be ascribed to a “planting shock”. Young
trees from a nursery are not usually fully adapted to such
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a poor and extreme site — a higher rate of annual mortality
is peculiar to the process of adaptation. The plantations
of all three experimental variants stabilised by 1995 — the
annual mortality rate has not exceeded 2% since that time.
In 2001, the total mortality rate (T.M.) indicated a positive
effect of applied limestone powder on the prosperity of
young spruce plantations:

T.M. =24%; T.M.

CONTROL

™™ =9%.

*" "7 'SURFACE

=16%;

PLANTING PIT

Height growth and mean height (Fig. 2, Table 1)

The “planting shock™ is detectable in a slight drop of the
annual increment rate of all variants. The current annual

Table 1. Development of annual height increment

(11} il

increment (C.A.L.) of the limed plantations (“surface” and
“planting pit”) ceased to decrease after 1992 and that of
the control plantation stabilised a year later. The planta-
tions of all three variants grew at an accelerating pace from
1993 to 1998. Nevertheless, the current annual increment
values of the limed variants were significantly higher than
those of the “control” variant. After an increment culmi-
nation (1998) an obvious decrease in the C.A.l. values
of limed variants was observed in the period from 1999
to 2000. By contrast, the C.A.I. drop of “control” variant
was very slight and had a form of stagnation in the C.A.I.
development curve. Current C.A.lL. values (2001) docu-
ment revitalisation of the growth rate of all variants. The
differences in the C.A.I. values between the control variant

Annual height increment

Year ih91  ih92  ih93  ih94  ih95  ih96  ih97  ih98  ih99  ih00  ihOl  ih91-01
Bartlett’s test (%) 23 0 0 4 0 0 0 73 2 0 2 5
Control x(cm) 8.la 4.1a 3.1a 5.0a 5.6a 6.2a 89a 13.8a 13.1a 13.7a 21.7a 9.4a
s(em) 500 276 253 352 597 554 789 10.09 826 10.79 12.70 4.37
Surface x(em) 83a 52b  53b  7.7b 99b 109 14.7b 23.5b 17.6b 15.1a 20.8a  12.6b
s(em) 435 360 348 377 1052 807 10.19 1072 9.70 10.10 11.66 4.20
. . x(cm) 7.9a 6.8¢c 7.4c 85b 11.6b 14.5¢ 16.3b 26.5b 18.6b 17.0a 23.4a 14.4c
Planting pit
s(em) 453 383 467 436 8.01 9.61 1096 10.65 1046 1435 14.84 5.14
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Fig. 3. Development of crown diameter and stem base diameter

and the limed ones seem to have diminished during the
period from 1998 to 2001. It could also indicate a reduc-
tion in the effects of experimental liming. However, the
overall stimulating effect of liming on the height growth of
spruce plantations is obvious in the past period of observa-
tion (1991-2001). The periodic annual increment P.A.L
(91-01) can be used for demonstration:
PA.L =134% PA.L

SURFACE CONTROL

= o
PAL, e T 158% P.A.I.CONTRQL .
The mean height of “control” variant increased five
times, that of “surface” variant six times, and that of
“planting pit” variant increased seven times during the

period from 1991 to 2001.
Crown diameter and diameter of root collar (Fig. 3)

The development of mean crown diameter also indicates
a growth-stimulating effect of applied limestone powder
on the experimental spruce plantations. The limed planta-
tions of spruce showed clearly higher values (statistical
significance) of mean crown diameter than those of “con-
trol” variant. As far as the limed variants are concerned,
the spruces of “planting pit” variant exceeded significantly
those of “surface” variant. The evaluation of root collar
diameter brought a conclusion that is analogous to the
results of crown diameter.

Nutrition of plantations (Fig. 4)

Nitrogen. The application of limestone powder seems not
to have had any negative effects on N supply to assimilato-
ry tissues until now. The mean values of N content ranged
between 1.17% (“surface” in 2000) and 1.70% (“surface”
in 2001). The N supply of observed spruce plantations
does not look optimal. Even if in 2000 only some values
of N content dropped closely below the estimated limit
of deficiency, nitrogen could belong among the limiting
elements for spruce nutrition in future.

Phosphorus. Except for the content from 2000, the re-
sults of the analyses indicate that the supply to the spruce
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plantations could be sufficient for the time being. No sig-
nificant differences in the development trend of P content
have been found among the compared variants.
Potassium. An unfavourable trend of K content de-
velopment seems to have ceased within all the variants
after 2000. Even if the K content values from 2001 are
adequate, we should not draw a conclusion that K supply
already stabilised.

Calcium. Regardless of the variant, Ca supply seems to
be sufficient for the time being. After their decrease in
the period from 1994 to 1999, the values of Ca content
have increased until now. The liming does not appear to
have markedly influenced the Ca content in the spruce
assimilatory tissues.

Magnesium. In 1994, the values of Mg content were
markedly higher than those of the analyses made in
the following years. It could be a random deviation or
a result of a temporary influence of well-fertilised soil
that could be contained in the root balls of spruce plants.
Nevertheless, Mg contents have fluctuated closely above
the limit of deficiency since 1996. Magnesium is a further
element that could potentially limit the spruce nutrition in
future. It is surprising that the liming did not increase the
content of Mg in the spruce assimilatory tissues at least
temporarily.

Sulphur. The S contents that are slightly increased have
reflected the remaining pollution impact.

Foliar nutrient ratios. Regardless of the variant, it is pos-
sible to characterise all the evaluated ratios (N/P, N/K,
N/Ca and N/Mg) as normal or adequate. The limits published
by DE VRIES (1998) were used as criteria in this case.

Soil chemistry

For the purposes of this study, the outputs of the soil
sampling method are presented whereas the samples are
taken directly from the space of planting pits. This method
allows mutual comparisons of the soil properties of all
three variants. Nevertheless, this goal is achieved at the
expense of sampling frequency (limited amount of soil in
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Table 2. Basic pedochemical characteristics on particular variants

Year 1993 1998
Variant control surface planting pit control surface planting pit
pH (H,0) 4.25 5.75 6.38 4.10 4.40 5.70
pH (KCl) - 3.41 4.90 5.66 3.50 3.80 5.70
S 16.20 70.00 83.50 3.60 6.90 21.90
H=T-S (mval/100 g) 28.80 15.40 6.60 11.20 9.50 9.00
T 45.00 85.80 90.00 14.70 16.60 30.80
v 34.00 82.20 96.80 24.20 42.10 70.90
C.. (%) 18.50 12.60 12.60 4.10 4.20 4.80
o 0.73 0.51 0.73 0.25 0.21 0.29
C:N ratio - 25.00 25.00 17.00 16.00 20.00 17.00
PO, 12.20 11.10 18.90
K,0 5.20 4.90 4.50
(mg/100 g)
CaO 38.00 61.30 620.00
MgO 12.00 26.90 256.70

the space of planting pits). The soil properties from 1993
and 1998 are currently at disposal (Table 2).

Soil reaction. The pH values of “control” variant from
1993 as well as from 1998 indicate strong acidity of soil at
the site. The application of dolomitic limestone powder in-
creased both pH values (H,0, KCl) markedly. The soil re-
action was influenced to the largest extent by applications
of dolomitic limestone in the planting pits. In the case of
“planting pit” variant, the soil showed incommensurately
high values of pH (H,0) and pH (KCl) for the mountain
site in 1993. The soil reaction of “surface” variant was
lower than that of “planting pit” variant, nevertheless, it
was also fairly high. The outputs of the soil analyses from
1998 pointed to the temporality of the effects of liming on
the soil reaction. In spite of this fact, the pH (H,O) values
and pH (KCl) values of both limed variants were still ap-
parently higher than those of “control” variant in 1998.
Characteristics of sorption complex. In fact, the “control”
variant showed acceptable (for a mountain site) values of
the sorption complex characteristics in 1993, however, in
the case of limed variants these characteristics could be re-
garded as optimal for the development of forest tree species
at that time. The soil base content “S” of “surface” variant
was more than 4 times and that of “planting pit” variant
even almost 5 times higher than the base content value of
“control” variant in 1993. The soil analysis from 1993 indi-
cated that the liming in both forms of its application mark-
edly reduced the hydrolytical acidity “H” and increased
the base saturation “V” to a level that was luxurious for the
nutrition of forest tree species. The cation sorption capacity
value “T” was also higher in the case of limed variants than
the “T” value of “control” variant.

Five years later in 1998, the analysis indicated a diminution
of liming effects on the sorption complex characteristics.
A marked sag in the “S”, “T” and “V” values was registered
in limed variants. Nevertheless, the positive effect of liming
on the sorption complex was still distinctly detectable, in
spite of a reduction in the “S”, “T”” and “V” values that also
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occurred in the case of “control” variant. The diminution
of the effects of liming was expectable but the sag in the
“S”, “T” and “V” values detected in “control” variant was
surprising. It could be a consequence of excessive minera-
lisation due to the absence of forest cover or a random
deviation of the data. To get the answer to this question
a further analysis is necessary.

Total nitrogen and carbon contents. In 1993, the total
carbon contents “C,_” of limed variants were markedly
lower than the “C_” value of “control” variant. In 1998,
no considerable “C_” differences were registered by the
variant comparison any longer, however, the values of all
variants were markedly lower than those from 1993.
According to the analysis from 1993, the surface form of
limestone application may have negatively influenced the
“N,. content temporarily. In 1998, the difference in the
“N,. values between the compared variants diminished.
Unfortunately, this equalisation happened at the expense of
“N,.” amount that was substantially lower (in 1998) than
the “general” level of “N,_” amount in 1993.
Aphenomenon of sag in the “C_” and “N, ” values between
1993 and 1998 is detectable, which is analogous to that
registered in case of sorption complex characteristics.
Contents of some mineral nutrients in soil. The contents
ofavailable P,O,, K,O, CaO and MgO were analysed only
in 1998, therefore no assessment of time development is
at disposal. The analysis outputs indicate that the appli-
cation of dolomitic limestone to planting pits increased
the amount of available P,O,. Both forms of limestone
application slightly decreased the content of available
K,0O, on the other hand, the CaO and MgO contents were
massively increased, namely in the case of “planting pit”
variant.

DISCUSSION

As regards the applications of basic rock powders, it is
of crucial importance not to draw premature conclusions.
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Fig. 5. It is clearly visible that the ame-
liorated spruces in the background of
the photo prosper better than those of
control variant in the foreground (Pho-
tograph by KUNES 2002)

For instance: in a more exposed section of the experimen-
tal plot Jizerka there is another spruce plantation where
the application of basic rock powders is tested. No marked
positive effects of chemical amelioration on the plantation
prosperity were registered in that case (KUNES 2001).

The conclusions presented by other authors are also
frequently discrepant as to the effects of chemical soil
amelioration in air-polluted mountain areas (MATERNA,
SKOBLIK 1988; PELC 1997; TESAR 1986). A reader of
this paper could ask: “Why are the results of chemical
amelioration experiments in the mountain conditions
so inconsistent?” The answer to this question is very
complicated. Not all the mechanisms are defined that can
influence the final results of liming.

A very simplified explanation could be based on the fact
that trees of mountain areas frequently grow in extreme
conditions. The extremity of mountain sites sometimes
threatens the survival ability of trees. The trees at extreme
sites can be limited by several factors. At an extreme de-
forested site in the mountains, a young tree plantation
could suffer not only from acid soil, nutrient deficiency
and pollution impacts but also from extreme microclimate.
Each of'these factors can limit the plantation prosperity se-
verely, even though the others are not as constrained. The
“Law of the Minimum” says that the population prosper-
ity is limited by a resource (factor) in the shortest supply.
That means it is possible to improve soil conditions and
nutrition of trees but the plantation cannot respond to this
improvement in case it is limited for instance by climate.
Of course, the “Effect of Partial Substitution” also exists
within the interaction of site factors, which implies that
an abundant supply of one factor can partially offset defi-
ciency of the other. However, the sphere of applicability
of this effect is very limited.

It is essential to evaluate the specific site conditions
carefully during the process of decision-making whether
to apply soil amelioration or not. Chemical amelioration
is acceptable only when it is clear that acidity and nutri-
ent deficiency are crucial factors limiting the plantation
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prosperity: therefore at least the analysis of assimilatory
tissues and soil is necessary. It must also be apparent that
the trees have a sufficient potential to respond to this type
of stimulation positively and effectively. On all accounts,
one should be aware of potential risks inherent in liming.
The probability of potential negative impacts of liming in-
creases with an increasing dose of finely ground limestone
powder. On the other hand, it is necessary to apply such an
amount of powder with such fineness that the initiation of
desired positive changes could be feasible. PODRAZSKY
(1992, 1993) published papers on this subject.

The experiments aimed at reactions of some pioneer
species to soil amelioration are established at present. The
pioneer species are well acclimated to extreme conditions
and therefore they are supposed to have the higher poten-
tial of sufficient positive reactions to additional fertilis-
ing. The fertilised pioneer trees could transform supplied
nutrients into their biomass and then into their litter more
effectively than the climax tree species and form a pre-
paratory young-growth stand. This young-growth stand
could stabilise the site, revive nutrient cycling and provide
a shelter for climax species. In some pioneer species e.g.
Carpathian birch (Betula carpatica WALDST. et KOCH)
it is important to find out its reaction to an increase in the
soil pH value at first. At climatically extreme sites, the
additional fertilisation of pioneer species is considered to
be a possible alternative to the experiments focused on the
fertilisation of plantations of climax tree species.

CONCLUSIONS

For the time being, the results of observations within
the framework of this experiment have indicated positive
effects of chemical soil improvement on the prosperity of
tested Norway spruce plantation (Fig. 5). Liming speeded
up the growth of young spruces and limited their mortality.
These facts could be very important because young spruce
plants are subjected to any existing extremes in clear-cut
areas and precisely applied liming could help them to
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overcome the stage in which they are most vulnerable
to extreme conditions. As far as the impact of liming on
the soil is concerned, the results indicate that long-term
deforestation of the site could pose a substantially higher
risk of organic matter losses than precisely applied liming
in this particular case.
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Prosperita smrkové vysadby po aplikaci jemné mletého dolomitického vapence

I. KUNES

Ceskd zemédélskd univerzita v Praze, Lesnickd a dievarska fakulta, Praha, Ceska republika

ABSTRAKT: Tématem pfispévku je posouzeni vlivu cilené aplikace jemného dolomitického vapence na prosperitu vysadby
smrku ztepilého (Picea abies L.) a na pudu v extrémnich ekologickych podminkach Jizerskych hor. V ¢lanku je zhodnocena
mortalita vysadeb, jejich ro¢ni vyskovy pfirast, primér v krcku, korunové priuméry, zivinova analyza a nékteré vystupy z pudnich
analyz. Data jsou shrnutim vybranych vystupli z pozorovéni za jedenactileté obdobi vyvoje vysadeb na sledovaném stanovisti.
Podle téchto vysledkt se aplikace dolomitického vapence (1 kg na sazenici) na vysadbach zatim projevuje pozitivné bez vaz-

néjsich negativnich dopadi na ptidu stanoviste.

Klicova slova: smrk ztepily; Jizerské hory; vapnéni; lesni pidy; pudni charakteristiky; chemicka meliorace

Otazka vhodnosti vapnéni v horskych oblastech patti
i v soucasnosti k aktudlnim a zaroven i velice kontro-
verznim tématlim. Mozna pozitiva i rizika tohoto opat-
feni jsou jiz dostatecné znama. Co ale soucasna lesnicka
praxe postrada, jsou presnéjsi informace o tom, za jakych
okolnosti k vapnéni pristoupit a jakym zptisobem jej pro-
vést, aby byla minimalizovana mozna rizika a zaroven
posilena pravdépodobnost projevu pozitivnich ucinkd
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vapnéni. Vysadbovy pokus, o némz pfispévek informuje,
je soucasti Sirsiho projektu, ktery byl prave touto proble-
matikou iniciovan.

Experiment byl zalozen v roce 1991 na pokusné plo-
Se Jizerka a sleduje vliv cileného vapnéni a formy jeho
aplikace na prosperitu smrkové vysadby. Oplocend
plocha se nachazi na imisni holin¢ v nadmoiské vysce
960 m na Stiednim Jizerském hiebeni. Stanoviste je fa-
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zeno do lesniho typu kysela smréina titinova (8 K 2),
hospodarského souboru 721 a pasma imisniho ohroze-
ni B. Praimérna ro¢ni teplota stanovisté se pohybuje mezi
4 az 5 °C a celkové ro¢ni srazky dosahuji asi 1 470 mm.
Horninové podlozi je tvofeno biotitickou zulou, plidnim
typem je horsky humusovy podzol. Pokusna vysadba
sestava z deseti ¢tvercovych plosek (100 m?), pfi¢emz
na kazdou z nich bylo vysazeno 50 tfiletych sazenic
smrku ztepilého (Picea abies L.) ve sponu 2 x 1 m. Vedle
kontrolni varianty (4 plosky) byly zalozeny dvé vapnéné
varianty se tfemi opakovanimi u kazdé z nich:

— Varianta s povrchovou aplikaci dolomitického vapence,
kde byla ke kazdé sazenici ihned po vysadbé apliko-
vana vapencova moucka o hmotnosti 1 kg na povrch
pudy v kruhu o priméru 1 m.

— Varianta s jamkovou aplikaci dolomitického vapence,
kde byla vapencova moucka o hmotnosti 1 kg promise-
na s pudou v jamce béhem vysadby na pokusnou plo-
chu.

Hlavnim cilem experimentu bylo zodpovézeni otazky,
zda muze cilen¢ aplikované vapnéni k jednotlivym mla-
dym stromkim v extrémnich podminkach horské imisni
holiny pozitivné ovlivnit vitalitu vysadby. To znamena,
zda mize mladym smrkim pomoci piekonat Sok z pfe-
sazeni do extrémné nepfiznivych podminek a urychlit
jejich vyvoj v odrostlejsi a odolnéjsi jedince, aniz by
doslo k projevu moznych negativnich dopadii. Dalsi
nemén¢ dulezitou otazkou bylo, jaka forma aplikace do-
lomitického vapence se ukaze jako ucinnéjsi.

Vysledky plynouci z jedenactiletého kazdoroéniho
pozorovani naznacuji, ze vapnéni mélo na prosperitu
vysadeb, alesponi dosud, vyrazny pozitivni ¢inek. Ten
spociva v omezeni celkové mortality za obdobi 1991 az
2001 (obr. 1). V roce 2001 vykazovala kontrola 24,2%
celkovou mortalitu, povrchova aplikace dolomitického
vapence 9,4% a jamkova aplikace 16,1% celkovou mor-
talitu. Vyrazné je urychleni pfirdstu aplikaci dolomitic-
kého véapence. Hodnoty primérného roé¢niho vyskového
ptirstu periodniho jsou u vapnénych variant za obdobi
1991 az 2001 podstatn¢ vétsi nez u kontroly (kontrola
100 %, povrchova aplikace 134 % a jamkova aplikace
153 %). Bézny roc¢ni vyskovy pfirtst a primérny ro¢ni
vyskovy prirtst periodni shrnuje pro obdobi 1991 az
2001 tab. 1. Vyvoj primérné vysky mladych smrki u jed-
notlivych variant znazornuje obr. 2.

Vapnéni také podpotilo rozvoj korun mladych smrku:
stfedni hodnota priméru korun byla v roce 2000 u va-
rianty s povrchovou aplikaci dolomitického vapence
0 29 % vétsi nez u kontroly a u varianty s jamkovou

aplikaci byla o 43 % vétsi nez u kontroly. Rozdil ve
prospéch vapnénych variant 1ze zaznamenat i u tloustky
kminkd (pramér pfi jejich bazi). V roce 1999 prevysova-
la primérna tloustka baze kmink® u povrchoveé vapnéné
varianty o 43 % hodnotu zaznamenanou u kontroly,
varianta s jamkovou aplikaci kontrolu v tomto paramet-
ru predstihla dokonce o 61 %. Mezivariantni srovnani
hodnot korunovych priméru a tloustky kminkt pfi jejich
bazi shrnuje obr. 3.

Zastoupeni sledovanych zivin N, P, K, Ca, Mg a S
v asimilacnim aparatu mladych smrkti se u kontroly
a vapnénych variant pfi srovnani v ramcei jednotlivych let
vzajemné nijak napadnéji nelisi (obr. 4). Do budoucna
nelze vyloucit, ze odrustajici vysadby by mohly pocitit
nedostatecné zasobeni dusikem, piipadné i hoi¢ikem
a draslikem.

Udaje o vyskovém piirtistu, o primérech korun i tloust-
kach kminkd byly statisticky testovany a testovaci
statistika poukdzala na signifikantnost rozdili mezi
kontrolni variantou a variantami vapnénymi. Je ale na
misté upozornit, ze rozkolisanost rozptyli jednotlivych
porovnavanych soubort, kterd plyne z ptirozené varia-
bility jedincti i stanovisté v realném prostiedi, neziidka
Castecné oslabila zavéry testl statistické analyzy. Vyraz-
ny naskok vapnénych variant pii procentualnim srovnani
vsak naznacuje, ze vapnéni prosperitu mladych smrkt
v dosavadnim obdobi skute¢né pozitivné ovlivnilo,
i kdyz jeho ucinky, jak se zda, u obou vapnénych variant
Jjiz postupné odeznivaji.

Podle dosavadnich analyz nemélo vapnéni na pidu
pii uvedenych davkach a vyse definovanych zptisobech
aplikace zatim zadny vyrazné&jsi negativni dopad, ktery
by mohl mit dlouhodobgjsi charakter (tab. 2). Daleko za-
charakteristik sorpéniho komplexu a snizovani zasoby
celkového piidniho uhliku a dusiku v ¢ase, ktery nazna-
¢uje u vsech tii variant porovnani vystupt analyzy z ro-
ku 1993 a 1998. Zatim neni jasné, zda se jedna o néjaky
trend, ¢i zda je to pouha ndhodna odchylka dat. Se zavery
v tomto sméru je tedy tieba vyckat az na dalsi analyzy.

S ohledem na prirtistovou odezvu vysadeb lze proza-
tim hodnotit jamkovou aplikaci jako efektivnéjsi formu
pouziti, povrchové vapnéné vysadby vsak zase vykazuji
pon¢kud nizsi celkovou mortalitu. Nezanedbatelnou roli
ve prospéch povrchové aplikace muize hrat i mensi naroc-
nost co do realizace v provoznich podminkach.

Predkladané vysledky jsou nicméné predbézné a na
konecné zhodnoceni je tfeba delsi ¢asovy horizont.
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