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Influence of amphibolite powder and Silvamix fertiliser on Norway
spruce plantation in conditions of air polluted mountains
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ABSTRACT: The objective of the paper is to assess the effects of amphibolite powder (waste from a dust removing process in
a rock pulveriser) and Silvamix slow release fertiliser on Norway spruce plantation in the harsh physical environment of the Jizer-
ské hory Mts. The plantation characteristics such as mortality, annual height increment, stem base diameter, crown diameter and
nutrient analyses are evaluated. A nine-year-long period of observation is summarised. The effects of both the forms of chemical
amelioration seem to be positive and statistically significant. The benefits of the amelioration expressed in absolute figures have
been easily observable until now. Recently, the importance of these benefits has decreased after the adaptation of planted trees to
the mountain site and natural acceleration of their annual increment.
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The Jizerské hory Mts. are border mountains in northern
Bohemia. A vast forest decline occurred at 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 their subsequent deposition in soils were
the main causes of this serious phenomenon. The SO_gen-
erated in the past on a massive scale by thermal power
stations should be mentioned in this connection first of
all. There arose extensive clear-cut areas as a result of the
forest decline in the Jizerské hory Mts., the reforestation of
which was very difficult in the extreme mountain environ-
ment. The difficulty of this reforestation (heavy plantation
losses, increment depression, etc.) initiated research on
support of young tree plantations in such extreme condi-
tions. The evaluation of effects of precisely applied chemi-
cal amelioration on prosperity of young trees in mountain
clear-cut areas is one of the research themes (BALCAR,
PODRAZSKY 1995). The gist of this research is to assess
to what extent the application of amendments could help
young tree plantations to recover from a planting shock in
harsh conditions ruling in the air-polluted mountain felling
coupes. Basically, such amendments only with long-last-
ing and gradual ameliorative influence are desirable to be
applied in order to respond to the physiological needs of
young trees and reduce losses through leaching.

Two different slow acting fertilisers were chosen for the
experiment evaluated in this paper. The amphibolite pow-
der is a cheap and traditional material used for purposes
of soil amelioration. Nevertheless, this material has to
be applied in relatively high dosage to achieve a reason-
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able soil improving effect. Therefore the costs related to
its transport and application are relatively high. On the
other hand, Silvamix is a modern slow release fertiliser
widely used in the Czech forestry. This fertiliser can be
casily transported and applied, but it is considerably more
expensive in terms of purchase costs.

MATERIAL AND METHODS

The planting experiment was established in the Central
Ridge of the Jizerské hory Mts. (Lat. 50°49'N, Long.
15°217E) at an altitude of 960 m a.s.l. in 1994. The mean
annual air temperature is 5.2°C and the mean annual
precipitation is 1,089 mm (BALCAR 2002). The bedrock
is biotitic granite, the soil type is determined as moun-
tain humus podzol (Ferro-humic Podzol according to the
FAO terminology). The average air SO, concentration is
11 pg/m? and that of air F is 0.18 pg/m? (KUC 2000).

The experimental plantation was established in 1994. It
consists of Norway spruce trees (Picea abies [L.] Karst.),
which were positioned in 9 independent subplots (10 x
10 m). Each subplot contained 50 trees at the spacing of
1 x 2 m. The young spruces were 4 years old in 1994.
They originate from the Beskydy Mts. (north-eastern
Moravia).

In addition to control (3 subplots), two alternative
fertilised variants were established: amphibolite variant
(3 subplots) and Silvamix variant (3 subplots).

In the amphibolite variant, the trees were fertilised
during their plantation in 1994, i.e. 2 kg of amphibolite
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Fig. 1. Annual mortality development of particular variants

powder were mixed with soil in the space of planting hole
(35 x 35 x 25 cm). The amphibolite powder originates
from a quarry near Libodfice village (central Bohemia).
It contains 7.90% of Ca, 4.82% of Mg, 0.82% of K and
0.13% of P. This powder consists of 5% of particles with
the diameter over 0.25 mm, 53% of particles with the di-
ameter between 0.25 and 0.05 (mm) and 42% of particles
whose diameter was below 0.05 mm.

The Silvamix Forte fertiliser tablets were used in the
Silvamix variant. The fertiliser consists of 17.5% of N,
5.4% of Mg, 8.7% of K and 7.7% of P. They were applied
later — in 1997. A planting bar was used to position the
tablets 15 cm under the soil surface. There were 4 tab-
lets per each tree applied in this variant (i.e. 10 g of the
fertiliser/tree). The tablets were positioned evenly in circle
around a tree stem. The “application circle” diameter was
approximately 60 cm.

The paper summarises the outputs of measurements that
were made in the nine-year-long period of observations
(1994-2002) including mortality, annual height incre-
ment, stem base diameter, crown diameter and nutrition
of plantation. The mortality and annual height increment
were measured annually, the other characteristics usually
at longer intervals.

A scaled rod was used to measure tree height values
and to determine crown diameters. The height values are
measured to the nearest + 1 cm and those of crown diam-
eters to the nearest = 10 cm. A calliper is used to measure
stem base diameter to the nearest + 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, Multiple Comparisons + (in the
case of variance heterogeneity) Kruskal-Wallis Analysis
and Multiple Comparisons with ¢-distribution. The chosen
confidence level was 95%. The statistically processed files
consist of the data that belong only to the trees surviving
in 2002. In the tables, different letter indexes at the values
compared in pairs indicate statistically significant differ-
ence. The outputs of nonparametric analyses, which were
used in the case of variance heterogeneity, are marked
with asterisk.

The nutrition analyses are presented in percentages
of macroelements (N, P, K, Ca, Mg, S) in dry matter of
assimilatory tissues. Nutrition status of assimilatory tis-
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sues was evaluated in 1996, 1999 and 2001 (no detailed
statistical analysis). Samples of needles were taken in
off-season period (usually in the second half of October).
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 samples were analysed in the Tomas Laboratory
(FGMRI — Opocno Research Station) by standardised
methods (ZBIRAL 1994).

RESULTS

Plantation development

Mortality (Figs. 1 and 2)

The application of the amphibolite powder markedly
reduced the mortality of young spruces in the period of
observation (1994-2002). In contrast to control, there
was no sharp upswing in the curve of annual mortality
rate (A.M.) in the amphibolite variant during the first
years after planting. The Silvamix fertiliser was applied
in 1997. In the Silvamix variant, the annual mortality rate
of spruces developed analogously to control before 1997.
The plantations of all three variants stabilised by 1998
— the annual mortality rate did not exceed 2.5% since that
year. In 2002, the total mortality rate (T.M.) indicated a
positive effect of application of amphibolite powder on
prosperity of young spruce plantation:

TM. onmroL = 17.0%; T.M.

TM. ( aax = 20.7%.

Height growth (Table 1, Fig. 3)

=7.2%;

AMPHIBOLITE

The young spruces, irrespective of the variant, suffered
a depression of height growth in their first years after
planting. The spruces of the amphibolite variant and of
the Silvamix variant got over the depression in 1997, the
ones of the control got over the depression one year later
in 1998. In terms of statistical analysis, the young trees
of the amphibolite variant showed significantly higher
values of the annual height increment than the control
in the period from 1996 to 2000. The Silvamix fertilised
spruces accelerated their height growth in 1997 when the
fertiliser was applied. They got ahead of the control and,
one year later in 1998, they overtook slightly but steadily
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Fig. 2. Total mortality development of particular variants
Table 1. Development of annual height increment
Year 94 95 96 97 98 99 00 01 02 94-02
Bartlett’s test value 10% 38% — — 14% 95% - 48% 8% 56%
Control x(cm)  6.3a 2.4a 3.9a* 59a* 10.0a 114a 10.2a* 18.6a 30.1a 11.0a
ontro
s(cm)  4.15 2.81 3.10 6.46 6.98 7.16 7.76 10.86  14.02 4.66
o x(cm) 5.9a 2.8a 5.7b*  83b* 12.6b 12.0b 13.5b* 20.3a 32.3a  12.6b
Amphibolite
s(ecm)  3.56 3.19 4.61 7.93 8.14 6.97 9.69 11.47  17.23 5.14
Silvami x(cm) 54a 2.4a 3.9a* 7.4ab* 143b 12.3b 13.7b* 20.3a 344a 12.7b
ilvamix
s(em) 343 3.07 2.99 6.61 8.35 7.00 10.03 1221 16.20 4.96

Different letter indexes at the values compared in pairs indicate statistically significant difference. The outputs of nonparametric analyses that were

used in the case of variance heterogeneity are marked with asterisk

also the trees of the amphibolite variant. The Silvamix
fertilised spruces showed a significantly faster pace of
height growth than control in the period from 1997 to
2000. In spite of a slight difference, there was no statisti-
cal significance between the amphibolite and Silvamix
variant during the whole period of observation. The
benefits of fertilisation by amphibolite as well as by
Silvamix tablets, expressed in form of annual increment
advantage, ceased to be statistically significant in 2000.
The periodic annual increment P.A.1. (94-02) can be used
for the variant comparison.
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Fig. 3. Development of average plantation height
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Crown diameter (Table 2)

The average crown diameter of the spruces was
influenced by fertilisation relatively late and slightly.
There was no marked difference between the particular
variants in 1999. As late as in 2002, statistically signifi-
cant differences were registered in the average crown
diameter values. However, in terms of forestry practice,
these differences are not of crucial importance in spite
of the statistical significance. The average crown di-
ameter of the amphibolite variant was 14% larger than
that of the control and the average crown diameter of
the Silvamix variant was 9% larger than that of the
control in 2002.

Table 2. Development of average crown diameter

Year 99 02
Bartlett’s test value 86% 26%
x (cm) 48a 104a
Control
s (cm) 18.3 31.9
o x (cm) 54a 119b
Amphibolite
s (cm) 18.7 36.6
) . x (cm) 51a 113ab
Silvamix
s (cm) 17.8 32.7

Different letter indexes at the values compared in pairs indicate
statistically significant difference
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Table 3. Development of average stem base diameter

Year 1999 2002
Bartlett’s test value 44% 16%
x (cm) 1.6a 4.0a
Control
s (cm) 0.56 1.22
oo x (cm) 1.9b 4.4ab
Amphibolite
s (cm) 0.63 1.38
. . x (cm) 1.8ab 4.5b
Silvamix
s (cm) 0.63 1.46

Different letter indexes at the values compared in pairs indicate
statistically significant difference

Stem base diameter (Table 3)

The effect of fertilisation on stem base diameter was al-
ready detectable in 1999, however, nowise markedly. The
average stem base diameter of the amphibolite variant was
the largest one in 1999. In 2002, nevertheless, the Silvamix
fertilised spruces got ahead of the spruces of amphibolite
variant in terms of this parameter. In both the above-men-
tioned years, there was no significant difference between
the amphibolite and Silvamix variant. The average stem
base diameter of the control was slightly but statistically
significantly lower than those of the ameliorated variants.
In 2002, the average stem base diameter of the amphibolite
variant was 10% larger than that of the control. The aver-
age stem base diameter of the Silvamix variant was 12.5%
larger than that of the control at that time.

Average needle length and length of annual shoots
(Figs. 4 and 5)

The potential impact of fertilisation on the average
needle length and the average length of annual shoots

positioned in the third whorl was also quantified in 1999
and 2002. There was not detected any marked difference
between the variants.

Nutrition of plantations (Fig. 6)

Nitrogen. The N supply of the plantations of all three
variants seems to be sufficient for the time being. Irrespec-
tively of the variant, the N content showed a slight upward
trend. The application of neither amphibolite powder nor
Silvamix fertiliser influenced detectably the N content in
the assimilatory tissues.

Phosphorus. The P supply also seems to be sufficient in
all three variants during the period of observation. In the
amphibolite variant, there is detectable a slowly diminish-
ing impact of rock powder on spruce nutrition, which has
the form of a gradual P proportion decrease to the level of
the control. The relatively high P content in the assimila-
tory tissues of the Silvamix variant was detected in 1999.
This could be a reaction to the application of the fertiliser
which was realised in 1997.

Potassium. The K proportion in the assimilatory tissues
is normal irrespectively of the variant. It fluctuates within
the range of moderate level.

Calcium. The Ca content indicates the influence of
applied amphibolite powder on nutrition of young trees.
In 1996, the Ca proportion in the needles of the spruces
belonging to the amphibolite variant was markedly higher
than the proportions registered in the control and Silvamix
variant. In 1999 and 2001, the Ca content value, however,
dropped to the level that is only slightly above the values
registered in control and Silvamix variant. This could in-
dicate a process of diminishing of amphibolite effects.

Magnesium. Though the applied amphibolite powder
contained 6.4% of Mg, the proportion of this element in
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Fig. 5. Development of average length of annual
shoots positioned in the third whorl
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Fig. 6. Nutrition status of assimilatory tissues

the assimilatory tissues of the trees belonging to the am-
phibolite variant was very low in 1996 — the lowest one
within the variant confrontation at that time. In 1999,
however, the Mg proportion increased and stabilised
in assimilatory tissues of the trees of the amphibo-
lite variant. Except for the Mg anomaly of the amphi-
bolite variant from 1996, the Mg supply of the spruces
of all three variants seems to be sufficient and stabi-
lised.

Sulphur. The sulphur contents are fluctuating. Though
the values registered in 1999 were hopefully low, the ones
registered in 1996 and 2001 are indicative of the remain-
ing pollution impact.
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DISCUSSION

There are many issues related to the chemical soil amel-
ioration and forest fertilisation in mountain conditions.
Many discrepant conclusions were presented by many au-
thors as to its applicability (SRAMEK 2003; PODRAZSKY
2003; LEPSOVA 2003; PALATOVA, MAUER 2003; PELC
1997; MATERNA, SKOBLIK 1988, etc.). In fact, soil amel-
ioration or fertilisation could be motivated by various aims
and applied in various forms under various circumstances.
In mountain conditions of the Czech Republic, liming and
fertilisation are prosecuted to compensate detrimental im-
pacts of air pollution on soils. Basically, the two most
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frequent goals should be achieved by these measurements:
either to stabilise the existing forest stands or to support
the newly established plantations. In Czech forestry
practice, the application of the ameliorative substratum to
arelatively large area is usual. This way of application is
convenient for amelioration of existing and sufficiently vi-
tal forest stands or stabilised plantations with closing cano-
py of their crowns. However, in the clear-cut areas induced
by air pollution, this way of application could be very
risky from the viewpoint of long-term site development
(PODRAZSKY 2003). The process of humus mineralisation
is frequently intensified due to the absence of forest cover
at sites of such type. The non-point application of ame-
liorative substratum could result in further intensification
of mineralisation process and in losses of organic matter
including nutrients.

Therefore, the “spot amelioration” is tested to support
young plantations in the mountain clear-cut areas induced
by air pollution. The ameliorative substratum is applied pre-
cisely to the trees (to their vicinity) or directly mixed with soil
in the planting hole during the plantation. The young trees
can thus utilise the advantages of “spot amelioration” while
the potential risks connected with organic matter losses are
limited to a relatively small proportion of soil.

This contribution summarises outputs of the experi-
ment that is aimed at “spot amelioration” in the extreme
conditions. The young trees from a nursery are not usually
fully adapted to such a poor and extreme site as mountain
clear-cut area induced by air pollution impact. The young
spruces therefore suffered a “planting shock”, which
resulted in the annual increment depression (all three
variants) and in the increased mortality rate (control and
Silvamix variant). The planting shock lasted 4 years in this
particular instance: from 1994 to 1997.

The application of amphibolite powder reduced the
mortality rate of young spruces significantly, which is
probably the most important benefit of soil amelioration in
this experiment. It is presumable that the Silvamix tablets
could have had an analogous effect if they had been ap-
plied in the course of plantation and not three years later in
1997. Similar effects are also observed in other conditions
and different tree species (PODRAZSKY 2000).

The benefits of both the forms of amelioration (amphi-
bolite and Silvamix) expressed in absolute figures of an-
nual height increment have been easily observable until
now. However, the relative importance of the ameliora-
tion effects decreased rapidly after the adaptation of the
planted trees to the mountain site and acceleration of their
annual increment. The benefits in the form of annual in-
crement advantage ceased to be statistically significant
in 2000.

One important conclusion could be drawn as to the sup-
port of newly planted young trees in mountain glades:
the sooner after plantation the ameliorative substratum
is applied, the more significant the profit that can be
expected.

In general terms, the actual effect of amelioration ap-
plied in this experiment is detectable but not substantial
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at all. An interesting comparison suggests itself: KUNES
(2003) summarises outputs of an amelioration experiment
that was established at the same locality. A striking positive
impact of “spot application” of limestone powder was regis-
tered on young Norway spruce plantation at that case.

The different effectiveness of amelioration could re-
sult from different ameliorative medium as well as from
microclimate, tree provenience, soil conditions, etc. This
difference shows how difficult it is to generalise in such
severe conditions. Therefore, in the mountain clear-cut
areas, it is desirable to limit the soil proportion in direct
contact with ameliorative substratum to an indispensable
minimum. The “spot application” of ameliorative sub-
stratum (“spot amelioration”) could better respond to
the variable and vulnerable environment of the mountain
clearings than the broadly applied one.

CONCLUSIONS

The positive effect of amelioration applied in this ex-
periment is detectable but not substantial at all.

The Silvamix Forte fertiliser could have influenced the
plantation prosperity much more effectively if it had been
applied immediately after plantation.

As far as the chemical amelioration is used as a support
of young plantations, it is possible to assert: The sooner
after plantation the ameliorative substratum is applied, the
more significant the profit that can be expected.

It is possible to presume that the “spot application”
of ameliorative substratum (“spot amelioration”) could
be more acceptable than the broadly applied one in the
mountain clear-cut areas.
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Vliv aplikace amfibolitového odprasku a hnojiva Silvamix Forte na prosperitu smrkové
vysadby v podminkach hor s imisni zatézi

I. Kune§!, V. Bal car?, M. Cizek!
Fakulta lesnickd a environmentalni, Ceskd zemédélskd univerzita v Praze, Praha, Ceskd republika

2Vyzkumny tistav lesniho hospodarstvi a myslivosti, Vyzkumna stanice Opocno, Ceska republika

ABSTRAKT: Prispévek vyhodnocuje Gc¢inky aplikace amfibolitového odprasku a pomalu rozpustného hnojiva Silvamix Forte
na vysadbu smrku ztepilého v ekologicky znaéné nepiiznivych podminkach Jizerskych hor. Je v ném vyhodnocen vyvoj mor-
tality, vySky a vyskového pfirustu, priméru koruny, tloustky kminku a nékterych dalSich parametrd. Pozornost je vénovana
také chemickym analyzam asimila¢niho aparatu. Vyhodnoceni shrnuje devitileté obdobi po vysadbé mladych smrkd na imisni
holinu. Pozitivni G¢inky obou zptisobli chemické meliorace jsou v ¢iselnych hodnotach dosud zfetelné a statisticky signifikantni.
V posledni dobé — po adaptaci vysadeb na horské stanovisté a po pfirozeném oziveni jejich piirastu — vSak jiz G¢inek meliorace
ijeji vyznam pro dalsi vyvoj vysadeb ustupuji.

Klicova slova: Jizerské hory; smrk ztepily; chemicka meliorace; amfibolitovy odprasek; hnojivo Silvamix; vyvoj smrkovych

vysadeb

Mozna pozitiva i rizika hnojeni a chemické meliorace
jsou dostatecné znama. Co ale soucasna lesnickd praxe
postrada, to jsou presnéjsi informace o tom, za jakych
okolnosti k témto opatfenim pfistoupit a jakym zplso-
bem je provadét, aby byla minimalizovana mozna rizika
a zaroven posilena pravdépodobnost projevu jejich pozi-
tivnich ucinkt. Vysadbovy pokus, o némz informuje pfi-
spévek, je soucasti SirSiho projektu, ktery byl iniciovan
praveé touto problematikou.

Vysadbovy experiment, o némz informujeme, byl
zalozen v roce 1994 na pokusné plose Jizerka a sleduje
vliv aplikace jemného amfibolitového odprasku a hnoji-
vych tablet Silvamix Forte na prosperitu mladé smrkové
vysadby.

Oplocena plocha se nachéazi na imisni holin¢ v nad-
moiské vysce 960 m na Stfednim Jizerském htebeni.
Stanovisté je fazeno do lesniho typu kyseld smrcina
titinova (8 K 2), hospodaiského souboru 721 a pasma
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imisniho ohrozeni B. Primérna ro¢ni teplota stanoviste
je 5,2 °C a celkové rocni srazky asi 1 089 mm (méteno
na vyzkumné plose). Horninové podlozi je tvofeno bio-
titickou Zulou, pidnim typem je horsky humusovy pod-
zol. Priimérna koncentrace SO, ve vzduchu je 11 pg/m’,
u F pak ¢ini 0,18 pg/m*® (méfeno v osadé Jizerka asi
1 500 m od vyzkumné plochy).

Pokusna vysadba sestava z deviti ¢tvercovych plosek
(100 m?), pfi¢emz na kazdou z nich bylo vysazeno 50 ¢tyt-
letych sazenic smrku ztepilého (Picea abies [L.] Karst.)
ve sponu 2 X 1 (m).

Vedle kontroly byly zalozeny dvé pfihnojené varianty.
Jedna se o amfibolitovou variantu, kde byly pfi vysadbé
kultury na kazdou sazenici pouzity 2 kg amfibolitového
odprasku a promiseny s ptdou v jamkach. Velikost ja-
mek byla pfiblizné 35 x 35 x 25 cm. Druhou pfihnoje-
nou variantou je silvamixova varianta. U silvamixové
varianty bylo hnojivo aplikovano pozdé¢ji, v roce 1997.
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Ke kazdému smrku byly sazeCem umistény Ctyfi tablety
(tj. 10 g hnojiva na stromek) do hloubky asi 15 cm pod
povrch pidy. Rozmisténi tablet bylo po obvodu kruht
o pruméru 60 cm se stfedy v osach stromkii.

Hlavnim cilem experimentu bylo zodpovézeni otazky,
zda mize hnojeni cilen¢ aplikované 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 odolngjsi jedince.

Aplikace amfibolitového odprasku snizila celkovou
mortalitu mladych smrki v obdobi 1994 az 2002. Zabra-
nila totiz razantnimu vzestupu hodnot meziro¢ni morta-
lity, ktery obvykle v prvnich letech po vysadbé provazi
mladé kultury v extrémnich podminkach imisni holiny
a je jednim z projevu tzv. ,,Soku z presazeni®. V roce 2002
tak vykazovaly vysadby pfihnojené amfibolitem jen 7%
celkovou mortalitu, zatimco celkova mortalita u kontroly
¢inila 17 %. V piipadé silvamixové varianty se pozitiv-
ni vliv hnojiva spocivajici v omezeni mortality projevit
nemohl, protoze tablety byly aplikovany az v roce 1997,
tedy v dobg, kdy jiz vysadby prodélaly nejkriti¢téjsi ob-
dobi s nejvyssimi ztratami a dochéazelo k postupné stabi-
lizaci a odeznivani ,,Soku z piesazeni®. Mortalita u silva-
mixové varianty je tak v roce 2002 jesté mirn¢ vyssi nez
u kontroly a dosahuje necelych 21 %.

Pfihnojeni se u obou testovanych variant pozitivné
projevilo i na vySkovém pfirtstu. Jeho stimula¢ni efekt
na pririst nicméné nebyl pies statistickou prukaznost az
tak vyrazny a vyznam mél piedevsim v prvni poloviné
sledovaného obdobi. I kdyz si pfihnojené varianty v ab-
solutnich hodnotach bézného ro¢niho vyskového piirtstu
stale zachovavaji uréity naskok, vyznam tohoto naskoku
poklesl poté, co se vysadby na stanovisti aklimatizovaly
a ozivily tempo svého odrlstani. Pokles vyznamu me-
liora¢niho stimulu pro dalsi vyvoj vysadeb se odrazil

i v tom, Ze v poslednich dvou letech se hodnoty bézné-
ho ro¢niho ptirGstu u vSech tii variant od sebe piestaly
statisticky prukazné lisit. Urcitou statisticky stale signi-
fikantni vyhodu si vSak obé ptihnojené varianty dosud
zachovavaji u praimérné vysky vysadeb.

Hnojeni se pozitivné projevilo i na praméru korun
a tloustce baze kminku. Naskok pfihnojenych vysadeb
v téchto parametrech Ize statisticky podchytit, ale neni
nijak vyrazny.

Zasobeni vysadeb jednotlivymi zivinami dosud zatim
nepokleslo ani u jedné ze sledovanych variant pod hrani-
ci deficitu. Snad kromé obsahu vapniku v jehli¢i vysadeb
amfibolitové varianty v roce 1996 nelze konstatovat, ze
by aplikované hnojivé substraty néjak vyraznéji zvysily
zastoupeni nekteré ze sledovanych zivin v asimilaénim
aparatu mladych smrkd.

Z dosavadnich vysledkl pozorovani vysadeb lze vyvo-
dit nasledujici zavéry:

Chemicka meliorace v tomto experimentu pozitivné
ovlivnila prosperitu a odristani vysadeb. Jeji stimula¢ni
efekt nicméné nebyl zdaleka tak vyrazny jako u dal§iho
melioracniho pokusu na dané lokalité, o némz informuje
KUNES (2003).

Da se predpokladat, ze hnojivo Silvamix Forte mohlo
ovlivnit prosperitu smrkové kultury podstatné efektivné-
ji, kdyby bylo aplikovano ihned po vysadbé.

Pokud ma piihnojeni napomoci piekonat vysadbam
prvni nejkritictéj$i obdobi po vysadbé na imisni holinu,
pak lze konstatovat, ze ¢im dfive je hnojivy substrat
aplikovan, tim efektivnéji mize byt mladou vysadbou
vyuzit.

Z dosavadnich poznatkd o chemické melioraci se zda,
ze na horskych imisnich holinach by ,,bodova“ nebo
pomistna cilena aplikace hnojivych ¢i meliora¢nich sub-
strati mohla byt podstatné akceptovatelnéjsi nez jejich
velkoplosny rozptyl.
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