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Impact of soil conditioners on the growth of European ash
(Fraxinus excelsior L.) on dumps
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ABSTRACT: The effects of soil conditioners TerraCottem, Frisol, Bio-algeen and fertilisers Silvamix Forte and Cererit
on the survival rate and growth of European ash seedlings until the stage called established plantation were observed
on two experimental plots with different anthropogenic substrates. Eight-year experiments showed that under the given
conditions the tested agents fulfilled the declared effects only partially. The application of TerraCottem was statistically
insignificant both in the survival rate and in the growth. In the applied dose, Frisol manifested itself as an agent that may
cause problems with the survival of plants, but at the same time also as a preparation improving the overall growth of
young plants statistically significantly. Its effective dosage largely depends on the soil character. Bio-algeen had a very
good effect on the survival rate of plants, but it did not surpass the control plants in the initial growth of plants. Silvamix
Forte did not cause the mortality of seedlings and influenced the growth of plants statistically significantly for 1-3 years.
In the applied dose, Cererit caused a high mortality of seedlings. The application of soil conditioners and Silvamix Forte
did not markedly accelerate the growth and development until the stage of the established plantation. Until that time,
the costs of the application of conditioners were higher by 4—13% as compared with the costs in the control plants.
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The current market in agricultural preparations
offers, among others, the products such as TerraCot-
tem, Frisol, Bio-algeen, which may be designated as
soil conditioners on the basis of information provided
by manufacturers and distributors. Under this desig-
nation, we generally understand artificially produced
preparations of a natural or synthetic character that
improve chemical, physical and biological proper-
ties of soils in order to achieve better growth and
production of cultivated plants. The domains of the
practical application of soil conditioners, as stated by
their manufacturers [www.terracottem.com, www.
gebruederfriedrich.de, www.schulze-hermsen.de],
include the improvement of degraded soils and an-
thropogenic substrates. In the Czech Republic, recla-
mations are realised particularly in regions damaged
by surface and deep mining of mineral resources or
power generation in thermal power plants — in the
North-Bohemian Lignite Mining District (SHR), in
Sokolov region and Ostrava-Karvina region.
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Dumps, waste piles, evaporation ponds, disposal
and dumping sites of any kind are mostly reclaimed
by agricultural and forestry methods. As mentioned
by ST¥s (2001), only the SHR includes almost
5,400 hectares under reclamation, out of which
3,310 are forestry hectares. Reforestation is the most
widely used form of reclamations here and the Eu-
ropean ash (Fraxinus excelsior L.) ranks among the
most frequently used target species.

A large scope of devastated areas, particularly
in the SHR, as well as high financial costs of rec-
lamation force both the specialists in practice and
the researchers to search for new materials, tools,
technologies and methods that would accelerate
and facilitate the reclamation process and reduce its
costs. An improvement of the soil environment in
the root zone of plants is one of the ways of making
the biotechnological stage of the reclamation process
more effective. This opens a space for the application
of soil conditioners. Considering the fact that soil
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conditioners are relatively new and expensive foreign
preparations, it seems reasonable, according to the
principle of preliminary caution, to test them under
our conditions and to verify their declared effects
and efficiency before their general application.

Neither foreign data on the effects of conditioners
on the vegetation acquired under conditions not
typical of this country (deserts, arid areas, high-
elevation zones), e.g. WEISSBACHER (1995), FUCHS
(1995), VAN CoTTEM (1996) nor the instructions of
manufacturers and dealers composed on the basis
of tests with other groups of plants — grass, fruit
trees, vegetables, flowers, ornamental woods [www.
terracottem.cz, www.gebruederfriedrich.de] provide
a sufficient guarantee of success of their application
to seedlings of forest tree species grown on anthro-
pogenic soils in pollution-damaged areas of this
country. The results of experiments carried out in
the Czech Republic with ornamental woody plants
on natural soils (BULIR 1997; BULIR, DUBSKY 1998)
or in plant nurseries (PUHLOVA, SMELKOVA 1998) or
in pots (SALAS 2002, 2004) must be seen from the
same perspective.

The objective of this paper was a long-term experi-
mental verification of effects of the above-mentioned
soil conditioners and their comparison with domes-
tic fertilisers in relation to the survival rate, initial
growth and costs of the cultivation of European ash
(Fraxinus excelsior L.) until the stage of the estab-
lished plantation in different climatic conditions and
soil environments.

MATERIAL AND METHODS

The following soil conditioners and fertilisers were
tested and assessed in an experiment with European
ash (2/0) in a continuous sequence of 8 years:

Frisol (FR) — German product, two types of
product were tested: Frisol A (FR A) — liquid con-
centrate, organic fertiliser with a long-term effect,
containing 50% of organic substances, 9% of total
nitrogen, 11% of total P,O,, pH 1.5, and Frisol F
(FR F) — granulate, organic fertiliser from soil fungi
and bacteria containing 80% of organic substances,

8% N, 2% P,0,, 2% K O, 1% MgO, microelements and
vitamins, pH 5.3.

TerraCottem (TC) — Belgian product, mixture
of synthetic and natural hydroabsorbent polymers
(39.5%), mineral and organic fertilisers (10.5%),
out of which 5.9% N, 0.9% P,O,, 3.9% KO, micro-
elements (B, Cu, Fe, Mn, Mo, Zn), root growth
activators (0.25%) and base material — volcanic rock
(49.75%).

Bio-algeen (BA) — German product, distributed in
the Czech Republic under the trademark Bi-algeen,
product from sea algae (Ascophyllum nodosum)
containing polyuronic acids, amino acids, vitamins,
phytohormones, microelements. Three types were
tested: Bi-algeen granulate (BA G), Bi-algeen
$-90 (BA S 90) — liquid concentrate, Bi-algeen root
concentrate (BA kk) — liquid or pasty concentrate.

Silvamix Forte (SF) — Czech product, modern
pelleted, slowly dissolvable fertiliser containing
17.5% N, 17.5% P,O,, 10.5% K,O, 9% MgO.

Cererit (CE) — Czech combined fertiliser, three-
component granulate containing 8% N, 13% P,0O,,
11% K,O, 2% MgO and microelements (B, Cu, Mo,
Zn).

The tests of the effectiveness of the above-men-
tioned preparations were conducted on two plots
with different climatic and soil characteristics
— the Stfimice dump and the evaporation pond of
Prunérov Power Plant (EPRU) — see Tables 1,4-7. A
randomised block design with four replications was
used in both experimental plantings. Ten seedlings
were planted in each variant. The experimental plots
were established in spring 1997. The application of
preparations was carried out simultaneously with
the planting of the species in the following doses
(see Table 2).

The tending of experimental plots in 1997-2002
followed a model that is applied in the reclamation
practice, i.e. the plants were hoed twice, mown twice
and treated with the repellent Morsuvin each year
during the vegetation period. In addition, all the
trees were fertilised with 10 g NPK/plant in 2002
(the sixth year). Since 2003, the tending of the plots
was differentiated. On Stfimice dump, one hoeing

Table 1. Basic climatic and soil characteristics of experimental locations

Characteristics Stfimice dump

EPRU evaporation pond

Moderately warm B 2, avg. annual air
temperature: 8.7°C, avg. annual total
precipitation: 438 mm

Climatic zone

Mostly grey clays covered with a 5-10 cm layer
consisting of a mixture of cellulose fibres, clay

Substrate
and peat

Moderately warm B 3, avg. annual air
temperature: 8.2°C, avg. annual total
precipitation: 422 mm

Power plant light ash covered with a 20—45 cm
layer of grassed podzolic soils
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Table 2. Doses of tested soil conditioners and fertilisers in experimental locations

Preparation — version ~ Dose

Frisol — FR
TerraCottem — TC 40¢g
Bio-algeen — BA
Silvamix Forte — SF
Cererit — CE

Control — CO

40 g = 8 tablets
70¢g

without application

FR A 150 ml/3 1 of water /2 seedlings + FR F 300 g

short soaking of seedling roots in the solution of BA kk 1:100 + BA G 10 g + BA S 90 2 ml/l water

and repellent application were omitted in that year
and there was no hoeing and no repellent applica-
tion in the locality of EPRU evaporation pond. In
2004, the trees on both plots were fertilised with
15 g NPK/plant, one additional mowing was per-
formed on Stfimice dump.

The assessment of experimental plots was per-
formed each year and was aimed at the survival or, as
the case may be, at the mortality of plants, their height
and diameter growth. The dynamics of the survival of
plants in the location was assessed only in course of the
first vegetation period according to the scale:

1 — wilting or already wilted plant,
2 - living, not awakened or partially wilted plant,
3 - living plant.

In the following years, only mortality and its causes

were observed. The measuring of annual height

increment, total height and total stem diameter
was performed always at the end of the vegetation
period. A measuring stick was used to measure
height increment and plant height, stem diameter
was measured with slide gauge 5 cm above the root
collar. All the data sets were tested for normality and
analysed by two-way analysis of variance (ANOVA)
using the Statgraphics plus programme, version 1.
The significance level p < 0.05 was used; significant
differences between means were evaluated by Mul-
tiple Range Test.

For the economic assessment of costs, we used
the catalogues of descriptions and indicative prices
of construction works 823-2 Reclamations (URS
Prague 1997-2004) as well as the prices of materials
provided by manufacturers or exclusive distribu-
tors and wholesalers. The costs of the cultivation of

Table 3. Survival rate and numbers of living plants on experimental plots. The same letters are not significantly different within
one factor and parameter according to Multiple Range Test, p < 0.05

Sttimice dump

EPRU evaporation pond

Var. Degree
20.6.1997 16.9.1997 21.4.1998 25.9.1999 18.9.2004 16. 6. 1997 15.9.1997 20. 4. 1998 20.9. 1999 19.9. 2004

1 19 2 17 19

FR 2 7 0 38a 37a 37a 21 11 14b 14b 13b
3 14 38 2 10
1 11 1 7

TC 2 17 0 39a 39a 39a 1 33a 33a 3la
3 12 39 31 32
1 2 0

BA 2 15 40a 40a 40a 2 0 39a 39a 35a
3 23 40 38 39
1 5 1

SF 2 23 0 38a 38a 38a 4 38a 36a 35a
3 12 39 34 38
1 36 28 32 35

CE 2 0 12b 11b 11b 8 0 5b 5b 5a
3 12
1

CO 2 6 0 38 a 38a 38a 10 33 a 33a 30a
3 32 38 21 33
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Table 4. Physical properties of substrates in experimental locations (average of three probes)

Strimice dump EPRU evaporation pond

) cemny oy PO porosty  AS DR B WEs ooty AS

(g/cm?) (g/cm?) (% vol.) (% vol.) (% vol.) (g/cm’) (g/cm’) (% vol.) (% vol.) (% vol.)
0-5 0.92 2.33 40.9 60.5 19.6 1.40 2.51 41.2 44.2 3.0
5-10 1.33 241 42.7 44.8 2.1 1.49 2.53 38.4 41.1 2.7
10-20 1.38 2.45 43.7 45.7 2.0 1.47 2.49 384 41.0 2.6
20-40 1.66 2.58 34.3 35.7 1.4 1.49 2.51 37.5 40.6 3.1
40-60 1.51 2.51 38.4 39.8 1.4 1.40 2.53 33.8 44.7 10.9

WPS — water pore space, AS — air space

Table 5. Chemical analysis of the substrate on Stfimice dump from 26. 5. 1997 and EPRU evaporation pond from 12. 5. 1997

(average of three probes)

Stfimice dump

EPRU evaporation pond

contents of nutrients

contents of nutrients

Profile EC EC
(cm) pH  (mS/ (mg/100 g of substrate) pH  (mS/ (mg/100 gof substrate)

cm) N-NH, N-NO, P K Ca cm) N-NH, N-NO, P K Ca
0-20 7.0 0.46 11.3 2.7 0.6 18.0 520 5.8 0.08 6.7 3.3 1.3 18.3 258
20-40 6.7 0.23 8.3 2.8 0.3 15.8 289 5.5 0.07 6.7 3.3 0.6 11.9 180
40-60 6.7 0.28 5.3 4.0 0.6 15.2 227 52 0.07 5.3 2.5 0.3 12.3 114

EC — electrical conductivity

1 plant in respective treatment variants and years
included work operations and specified materials
according to the realised technology. To determine
the effectiveness of the conditioner application, the
costs were calculated per 1 hectare (6,700 plants)
and related to the period the plants needed for the
achievement of the stage called established culture.
These costs also included the costs necessary for
the compensation of the plant losses to ensure the
original number of trees calculated per hectare. The
percentage of dead seedlings determined at the end

of the first vegetation period was taken as a basis
of the loss. The same percentage was used for the
compensation of losses in the already compensated
stand in next years until the number of growing
(living) plants achieved the planned number of
6,700 pieces.

The meteorological data on average monthly
temperatures and total precipitation are from the
stations nearest to the experimental plots and were
provided by the Czech Hydrometeorological Insti-
tute in Prague.

Table 6. Average temperatures (in the months) and total precipitation on Stfimice dump (Kopisty u Mostu station)

Average air temperature (°C)

Average total precipitation (mm)

Year

LI IV-VI  VI-IX X-XII  annual  I[-II  IV-VI  VI-IX X-XII  annual
1997 1.4 12.8 17.6 3.8 8.9 862 1088  137.0 780 4103
1998 35 14.9 16.6 33 9.6 55.3 930 1543 1251 4277
1999 2.1 13.8 18.5 4.5 9.7 945 1251 1125 86.1 4182
2000 2.9 15.5 16.9 5.8 10.3 1551 1150 1260 84.6 4807
2001 11 13.0 167 44 8.8 1335 1290 1766 966 5357
2002 2.9 14.3 17.4 2.9 9.4 859 1295 2803 1952  690.9
2003 0.4 15.0 18.0 2.8 8.9 44.3 95.2 91.4 530 2839
2004 0.8 13.1 17.0 4.1 8.8 939 1311 1417 1068 4735
Ia‘é’erﬁ;:rm 1.3 12.8 16.6 43 8.7 739 1253 1500 852  437.6
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Table 7. Average temperatures (in the months) and total precipitation in EPRU evaporation pond (Tusimice station)

Average air temperature (°C)

Average total precipitation (mm)

Year [-II  IV-VI  VI-IX  X-XII  annual  I[-II  IV-VI VI-IX X-XII  annual
1997 1.2 12.1 17.0 3.6 8.5 680 1003 1383 700 3766
1998 32 14.3 16.3 34 9.3 55.8 865 1681 1223 4327
1999 22 19.8 18.1 43 9.5 640 1093 1554 765 4052
2000 2.8 15.1 16.4 5.7 100 1004 942 1664 97.6 4586
2001 1.2 12.8 16.8 4.6 88 1095 785 1218 779 3877
2002 32 14.0 17.4 3.6 9.6 645 1492 2401 1824 6362
2003 0.4 14.7 18.2 35 9.2 27.1 84.8 97.3 404 2496
2004 1.0 124 167 43 8.8 709 1383 1347 822 4261
g’;i;:rm 0.5 12.2 162 4.1 8.2 67.7 1279 1479 825 4221

Chemical analyses of dry soil samples were carried
out in accordance with the methods of investigation
of horticultural soils (SoukuP et al. 1987). Electrical
conductivity and pH value were estimated in water
extract 1 w:10 v, contents of available nutrients
were estimated in Gohler leaching extract (0.52 M
CH,COOH, 0.05 M CH,COONa) 1 w:10 v.

Physical properties of soil samples were deter-
mined (VALLA et al. 1980) in cylinders 100 cm?® in
volume at the beginning of experiments.

RESULTS AND DISCUSSION
Survival rate of seedlings

Table 3 shows the responses of bare-root seedlings
to applied conditioners and fertilisers. In the course
of the first vegetation period marked differences in
the plant survival were observed in the individual
treatments, particularly in the onset of budbreak and
in growth rate. On Stfimice dump, all the applied
preparations, and particularly FR and TC, delayed
the budbreak if compared with the control plot. The
application of BA and SF also suppressed, even if
less markedly, the beginning of budbreak. CE had
an unambiguous effect. The applied dose caused
the death of seedlings very quickly after planting. In
EPRU evaporation pond, the initial suppression of
budbreak was not as marked as on Stfimice dump.
FR and CE were exceptions, while enormous losses
became evident soon after the application of CE.
On plots with FR, the losses were proven only at the
end of the vegetation period when the living, vital
seedlings could be distinguished with certainty from
wilted seedlings.

The final assessment of seedling survival per-
formed in spring 1998, precisely one year after plant-
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ing, showed statistically significant differences if
compared with all the remaining preparations in the
case of variants with CE and, in EPRU evaporation
pond, also in the case of FR. The selected doses of CE
and FR were probably too high for the local soil and
climatic conditions, as illustrated in Tables 4-7, and
therefore they caused an excessively high mortality
of seedlings. In the next years, the conditioners and
the fertilisers did not have any effects on the losses.
The decrease in the number of plants in the period
1998-2004 in EPRU evaporation pond was partly
caused by cutting the low trees during the mowing
of high grass and plants and partly by damage to
roots caused by mice. The experiment showed that
higher doses of FR suppressed the survival in light
soils and soils with higher aeration, but they did
not cause abnormal mortality of seedlings in total
assessment. However, the same doses led to statisti-
cally significant losses of seedlings in heavy-textured
soils with lower aeration (EPRU). Cererit caused high
losses in both localities, evident very soon after its
application. The remaining tested preparations had
a positive, even if statistically insignificant effect
on the survival rate of seedlings. The plots with the
application of BA showed the best results in this
respect on both experimental plots.

Growth parameters

Due to a low number of plants on plots with CE
and, in the case of EPRU also with FR, these variants
were not compared with the others. Tables 8-11
contain the results depicting total height of plants
and total stem diameter over the years of the experi-
ment duration, including their statistical evaluation.
On Strimice dump, two preparations — FR and SF
— had statistically significant positive effects on the
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Table 8. Sttimice dump, European ash — total height (cm) in 1997-2004. Results of ANOVA, means followed by the same letter
are not significantly different within one factor and parameter according to Multiple Range Test, p < 0.05

Var. 1997 spring 1997 1998 1999 2000 2001 2002 2003 2004
FR 329a 35.1a 50.7a 64.5a 80.0a 95.3a 118.9a 169.7 a 205.7a
TC 32.8a 33.9a 47.6ab 55.5b 67.6bc 78.3bc 98.1bc 145.4bc 177.9b
BA 31.5a 35.4a 42.2¢ 50.9b 61.7c 71.8c¢ 84.6¢ 127.1c¢ 164.1b
SF 31.0a 34.3a 51.3a 63.4a 75.5ab 86.7 ab 103.4b 151.5ab 181.9b
CO 30.0a 32.6a 42.6bc 51.8b 65.6¢ 78.6bc 101.2b 147.9b 177.0b

Table 9. Stfimice dump, European ash — total stem diameter (mm) in 1997-2004. Results of ANOVA, means followed by the
same letter are not significantly different within one factor and parameter according to Multiple Range Test, p < 0.05

Var. 1997 spring 1997 1998 1999 2000 2001 2002 2003 2004
FR 99a 10.0a 11.1a 133 a 15.1a 17.8a 27.1a 32.1a 40.1a
TC 8.9bc 8.9bc 10.0b 11.7b 13.1b 16.1a 20.9b 25.6b 32.6b
BA 7.8d 8.0d 8.7¢ 10.5¢ 11.9bc 13.4b 17.3¢ 21.5c¢ 28.5¢
SF 9.2ab 9.3ab 10.3 ab 12.0b 13.3b 16.5a 22.4b 26.5b 31.3bc
CO 8.1cd 8.2cd 9.0c 10.0c 11.4c 13.5b 20.8b 26.1b 32.1bc

elongation (height) growth if compared with the
control plantations. The effects of FR became evident
since the second year (1998) and they have persisted
until now. The positive effects of SF became evident
also in the second year and ceased in the fourth year
when the nutrients were probably depleted. This
means that they persisted for 3 years. In the remain-
ing preparations, the effects were never statistically
significant in this respect. As far as the diameter
growth is concerned, the situation is analogical. TC
also had positive effects on this parameter, namely
from the second to the fifth year. We may generally
say that in the given location the ash plants grew
relatively slowly. In the best preparations, the high-

est annual increment was measured in the second
year — despite the below-average precipitation in the
period of intensive growth — and then always after
fertilisation. Over the eight years, the plants treated
with SF and FR grew on average by 151 cm and
173 cm, respectively, and the control plants by
147 cm.

In EPRU evaporation pond, the total height of
plants if compared with the control was statistically
significant in TC in the first year and in SF in the
second year. No significant effects were reported
in the following years. The positive effects of SF on
growth were evident also in this location even if the
data show that the plants were smaller if compared

Table 10. EPRU evaporation pond, European ash — total height (cm) in 1997-2004. Results of ANOVA, means followed by the
same letter are not significantly different within one factor and parameter according to Multiple Range Test, p < 0.05

Var. 1997 spring 1997 1998 1999 2000 2001 2002 2003 2004
TC 37.0a 45.0a 57.2ab 66.2b 77.0b 89.7b 130.5b 159.8b 189.6a
BA 33.5b 39.4b 50.4c 67.2b 77.7b 89.4b 134.6ab 166.6ab 193.4a
SF 35.5ab 41.3ab 60.3a 77.1a 92.9a 107.0 a 155.1a 192.5a 209.0a
CO 33.8ab 39.6b 52.6bc 724 ab 89.5a 99.4 ab 136.7ab 166.7 ab 189.3a

Table 11. EPRU evaporation pond, European ash — total stem diameter (mm) in 1997—2004. Results of ANOVA, means followed
by the same letter are not significantly different within one factor and parameter according to Multiple Range Test, p < 0.05

Var. 1997 spring 1997 1998 1999 2000 2001 2002 2003 2004

TC 10.4a 10.5a 11.2a 12.9a 15.1b 16.4bc 20.9b 27.6b 33.5b
BA 10.1a 10.2a 10.6a 11.4b 15.1b 15.8¢ 22.7 ab 29.9b 34.9b

SF 10.4a 10.6a 11.0a 12.7a 17.4a 18.2ab 25.0a 34.7a 40.0a
CO 9.6a 10.0a 10.7a 12.5ab 16.5ab 18.8a 25.3a 31.7ab 37.5ab
J. FOR. SCI,, 51, 2005 (9): 392-402 397



Table 12. Sttimice dump — costs invested in the existence of 1 seedling on the experimental plot in 1997-2004

Costs per preparation (CZK/seedling)

Year
CO FR TC BA SF

1997 29.81 43.75 48.71 39.58 37.71
1998 23.34 23.34 23.34 23.34 23.34
1999 26.09 26.09 26.09 26.09 26.09
2000 28.79 28.79 28.79 28.79 28.79
2001 27.55 27.55 27.55 27.55 27.55
2002 37.35 37.35 37.35 37.35 37.35
1997-2002 172.93 186.87 191.83 182.70 180.83
Index CO = 1.0 1.00 1.08 1.11 1.06 1.05
2003 22.80 22.80 22.80 22.80 22.80
2004 17.62 17.62 17.62 17.62 17.62
1997-2004 213.35 227.29 232.25 223.12 221.25
Index CO =1.0 1.00 1.07 1.09 1.05 1.04

with the plot on Stfimice dump. In the first year
characterised by below-average precipitation the
positive effects were reported also in TC, containing
hydrogels releasing the retained water for plants dur-
ing the periods of insufficient natural rainfall. How-
ever, this effect was not reported in the following
years. The statistical evaluation of diameter incre-
ment shows that over the eight years none of the
tested preparations achieved better results in this
respect than the control. A short efficient support
of the elongation growth or no support (diameter)
may be explained, among other things, by the fact
that the grass-herb layer in which the ashes were
planted participated in the use of nutrients and
the nutrients were thus depleted more quickly.
The conclusion may analogically be related also to
the remaining tested preparations. As on Stfimice
dump, the best average annual results were re-
ported in SF, namely in the second year, despite
below-average precipitation and above-average
temperatures in the period of intensive growth. A
high increment was reported after fertilisation in
2002, while it was not so marked two years later.
Since the beginning of the experiment, the ash

plants grew on average by 174 cm in SF variants
and by 156 cm on control plots.

Economic effectiveness

Tables 12 and 13 show the costs of planting and of
the tending of one plant on both experimental plots
over the particular years. From planting to 2002,
when the stage of established plantation was stated
on the basis of the plant state, the costs related to
one plant were identical in both locations. The tables
show that in this period the application of prepara-
tions increased the individual costs by 5-11%. The
total costs for the same period, if calculated per 1 ha
and including the costs of compensation of losses,
more or less copied this difference (Tables 14, 15).
The highest costs were incurred in the case of the
application of TC, the lowest costs in the case of SF
and BA. Even if the height growth of ash on Stfimice
dump was statistically significant in the long term on
plots with FR, as it was in the case of SF for a period
of three years, the above-mentioned preparations did
not substantially reduce the time necessary for the
establishment of the plantation. The plants achieved

Table 13. EPRU evaporation pond II — costs invested in the existence of 1 seedling on the experimental plot in 1997-2004

Costs per preparation (CZK/seedling)

Year
CcO TC BA SF
1997-2002 172.93 191.83 182.70 180.83
2003 16.00 16.00 16.00 16.00
2004 9.52 9.52 9.52 9.52
1997-2004 198.45 217.35 208.22 206.35
Index CO =1.0 1.00 1.10 1.05 1.04
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Table 14. Stfimice dump — total costs of the cultivation of ash from the foundation of the plot in 1997 to the stage of established

plantation, calculated per 1 ha (6,700 seedlings) and by 2004

Vap  Improvement  Provision 1997-2002 1997-2003 1997-2004

(%) (year) CZK (%) CZK (%) CZK (%)
FR 5 2002 1,261,505 108.5 1,414,265 107.5 1,532,319 106.9
TC 2.5 2002 1,290,487 111.0 1,443,247 109.7 1,561,301 108.9
BA 0 2003 1,224,090 105.3 1,376,850 104.7 1,494,904 104.3
SF 5 2002 1,218,576 104.8 1,371,336 104.3 1,489,390 103.9
co 5 2002 1,162,426 100.0 1,315,186 100.0 1,433,240 100.0

Table 15. EPRU evaporation pond — total costs of the cultivation of ash from the foundation of the plot in 1997 to the stage of
established plantation, calculated per 1 ha (6,700 seedlings) and by 2004

Ve mprovement  Provision 1997-2002 1997-2003 1997-2004

' (%) (year) CZK (%) CZK (%) CZK (%)
TC 17.5 2002 1,329,725 113.0 1,436,925 111.9 1,500,709 111.3
BA 2.5 2002 1,227,754 104.3 1,334,954 103.9 1,398,738 103.8
SF 7.5 2002 1,222,404 103.9 1,329,604 103.5 1,393,388 103.4
CO 20.0 2002 1,177,069 100.0 1,284,269 100.0 1,348,053 100.0
this state almost simultaneously in all the variants CONCLUSION

within six years after planting, even if the ashes
supported by FR were the highest and they nearly
approached the establishment already in course of
the fifth year. The long-term statistical significance
of height growth, if compared with control plants,
was not determined in any of the tested condition-
ers or fertilisers in EPRU location. The stage of the
established plantation in this grass-covered area was
stated in all the variants equally in six years after
planting. If compared with control plants, the costs
in the case of the application of preparations were
higher by 4-13%.

On the basis of the observation of this aspect,
we may draw a conclusion that in tested doses and
periods of application, the tested conditioners and
fertilisers did not substantially reduce the time
necessary for the achievement of the stage of es-
tablished plantation since when the requirements
for further interventions and thus the costs rapidly
decrease. Their application increased the costs by up
to 13%. If we accept, for the purpose of the objectiv-
ity of the experiment assessment, a 10% tolerance
in the potential dispersion of total costs given by
the work with trees as a variable biological mate-
rial, the errors during the measurement of plants
or the assessment of the established plantation, we
may state that all the preparates, with the exception
of TC, are within the degree of the cost tolerance
defined in this way.
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Two long-term experiments with European ash,
based on anthropogenic substrates in pollution-dam-
aged zones showed that the selected soil conditioners
manifested their declared effects only partially. In
the applied dose, Frisol manifested itself as an agent
that may cause problems with the seedling survival,
but at the same time, also as a preparation improv-
ing the overall growth of young plants statistically
significantly. Its effective dosage heavily depends on
the soil character. TerraCottem did not show any
beneficial effects on the survival rate and growth of
plants in different soil environments. The application
on dumps was ineffective. The application of Bio-al-
geen had a positive effect on the plant survival. This
preparation did not surpass the control in the plant
growth. Silvamix Forte, as a pelleted fertiliser, did not
reduce the survival rate and managed to increase the
growth statistically significantly for 1-3 years. From
the economic aspect, the conditioners and Silvamix
Forte did not markedly accelerate the growth and
development until the stage of established culture.
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Vliv padnich kondicionért na rast jasanu ztepilého (Fraxinus excelsior L.)

na vysypkach

P. BULIiR

Vyzkumny tistav Silva Taroucy pro krajinu a okrasné zahradnictvi Prithonice, Prithonice, Ceskd republika

ABSTRAKT: Na dvou pokusnych plochéch s odlisnymi antropogennimi substraty byl sledovan vliv padnich kondicionéra
TerraCottem, Frisol, Bio-algeen a hnojiv Silvamix Forte a Cererit na ujimavost a rust sazenic jasanu ztepilého do stadia
nazyvaného zajisténd kultura. Osmileté pokusy ukdzaly, Ze testované prostfedky naplnily deklarované u¢inky v danych
podminkdch jen ¢astecné. Aplikace TerraCottemu byla statisticky nepritkkaznd jak v aspektu ujimavosti, tak rastu. Frisol se
v pouzité davce projevil jako prostredek, ktery muze zptisobovat problémy pfi ujiméni sazenic, ale soucasné i jako preparat
zlepS$ujici, a to statisticky priikazné, celkovy rist mladych rostlin. Jeho G¢inné davkovani je silné zavislé na charakteru ptd.
Bio-algeen ptisobil velmi dobfe na ujiméni sazenic, v pocate¢nim ristu rostlin ale nepredc¢il kontrolni rostliny. Silvamix
Forte nezpisoboval thyn sazenic, rist rostlin statisticky prikazné ovliviioval 1-3 roky. Cererit v dané davce vyvolal velkou
mortalitu sazenic. Pouzitf pidnich kondicionérii ani hnojiva Silvamix Forte vyrazné neurychlilo rast a vyvoj do stadia za-

jisténé kultury. Ndklady pii aplikaci kondicionéra byly do této doby vyssi o 4—13 % proti ndkladium u kontrolnich rostlin.

Klicova slova: TerraCottem; Frisol; Bio-algeen; Silvamix Forte; Cererit; jasan ztepily; pidni kondicionéry; rekultivace;

vysypky; antropogenni substréty; ujimavost a rast; naklady

Pidnimi kondicionéry rozumime uméle vyrabéné
prostiedky prirodni nebo syntetické povahy, které
zlepsuji chemické, fyzikalni a biologické vlastnosti
pud za Gcelem dosazeni lepsiho rastu a produkce
péstovanych rostlin. Jednou z oblasti uplatnéni ta-
kovych preparat v praxi jsou (podle jejich vyrob-
ct a distributort) rekultivace degradovanych pad
a antropogennich substratd. Rozsdhla rekultivacni
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¢innost probiha v CR zejména v regionech dotce-
nych povrchovou i hlubinnou tézbou nerostnych
surovin a uklddanim odpadd, konkrétné v Severo-
¢eském hnédouhelném reviru (SHR), na Sokolov-
sku a Ostravsko-karvinsku. Pro predstavu — jen
v SHR je rozpracovéano 5 400 ha rekultivaci, z toho
3 310 ha lesnickych. Padni kondicionéry zde tedy
mohou pri rekultivaci Gzemi sehrat vyznamnou
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ulohu, prokéze-li se v mistnich podminkdach jejich
efektivnost.

K rekultivacnimu zalesnovani se v SHR pouzi-
va velmi Casto jasan ztepily (Fraxinus excelsior L.).
Tento druh byl proto zvolen jako experimental-
ni drevina k ovéfeni a srovndvéani vlivii vybranych
pudnich kondicionéra (TerraCottem — TC, Frisol —
FR, Bio-algeen — BA) a hnojiv (Silvamix Forte — SF,
Cererit — CE) na ujimavost sazenic a jejich pocatec-
ni rast pfi sou¢asném sledovani naklada péstovani
do stadia zajisténé kultury. Ovérovani a srovnavani
efektd jednotlivych preparatt s kontrolou (varianty
pokusu) probihalo na dvou padné a klimaticky od-
lisSnych lokalitdich — Stfimické vysypce a odkalisti
elektrarny Prunérov (EPRU) (tab. 1 a 4—7). Pokusné
plochy s jasanem 2/0 byly zalozeny metodou zna-
hodnénych blokt ve ¢tyrech opakovénich na jare
1997. V kazdé varianté bylo vysazeno 10 sazenic.
Aplikace pripravka probéhla soubézné s vysadbou
drevin v davkach uvedenych v tab. 2. Péce o pokusné
plochy probihala az do roku 2002 na obou plochiach
stejnym zplisobem, a to podle modelu, ktery pouzi-
va rekultivacni praxe. Sazenice byly dvakrat ro¢né
okopany, dvakrat oznuty a na podzim natfeny Mor-
suvinem, v roce 2002 (Sesty rok) navic ptrihnojeny
10 g NPK na sazenici. Od roku 2003 se péce o plo-
chy diferencovala. Na Strimické vysypce se v tomto
roce vynechala jedna okopavka a natér repelentem,
na EPRU se okopdavka jiz neprovadéla, stejné tak i
natér repelentem. V roce 2004 byly dfeviny na obou
plochdch prfihnojeny 15 g NPK na sazenici, na Stfi-
mické vysypce se uskutecnilo jesté jednou oznuti.

Monitorovani a hodnoceni ploch probihalo kaz-
doroc¢né a bylo zaméfeno na ujimavost, resp. thyn
sazenic a jejich pririistani do vysky a tloustky kmin-
ku. Dynamika ujimavosti sazenic na stanovisti se vy-
hodnocovala pouze v priabéhu prvniho vegetacniho
obdobi podle tristupniové stupnice (1 — usychajici
nebo suchd; 2 — zivd, neprobuzend nebo castecné
suchd; 3 — zivd). V dalsich letech se zjistoval jiz jen
thyn a jeho pri¢iny. Méfeni ro¢nich vyskovych pri-
rustkd, celkové vysky a celkové tloustky kminku se
uskute¢novalo vzdy na konci vegeta¢niho obdobi.
K méreni vyskovych prirastkd a vysky rostlin byla
pouzita mérici lat, tloustka osy se méfila posuvnym
mérfitkem 5 cm nad kofenovym kré¢kem. Data o uji-
mavosti rostlin, vyskovém a tloustkovém rtstu byla
statisticky hodnocena analyzou rozptylu dvojného
tridéni v pocitacovém programu Statgrafic plus,
verze 1.

K ekonomickému hodnoceni ndkladd byly pou-
zivany katalogy popistii a smérnych cen stavebnich
praci 823-2 Rekultivace (URS Praha 1997-2004)
i ceny materidlt od vyrobct, resp. vyhradnich dis-
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tributortt nebo velkoprodejcd. Néklady na péstova-
ni jedné sazenice v jednotlivych variantach osetreni
a jednotlivych letech se s¢italy za pracovni operace
a specifikované materidly podle realizované tech-
nologie. Pro zjisténi efektivity pouziti kondicionéri
se naklady poté prepocitaly na hektar (6 700 saze-
nic) a vztahly se k dobé, kterou dfeviny pottebovaly
k dosazeni stadia nazyvaného zajisténd kultura. Do
téchto nakladd byly zahrnuty i ndklady na potfeb-
né vylepsovani porostu vlivem ztrat do pivodniho
poctu drevin prepocitanych na 1 ha. Za zaklad ztrat
bylo vzato procento uhynulych sazenic, zjisténé na
konci prvniho vegeta¢niho obdobi. Stejny procen-
tudlni daj byl pouzit pro vylep$ovani vypadki u jiz
vylep$ovaného porostu v dalsich letech, dokud po-
Cet rostoucich (zivych) rostlin nedosahl predpokla-
daného poctu 6 700 kusti.

Ujimavost a mortalita sazenic na sledovanych
dvou plochich je prezentovana v tab. 3. Na Stfimic-
ké vysypce vSechny pridané preparaty proti kont-
role (KO) zpozdovaly raseni, zvldsté pak FR a TC.
Aplikace BA a SF rovnéz tlumila raseni, avsak méné
znatelné. Zvolena davka CE zpusobila velmi rychle
po vysadbé rapidni tthyn sazenic. Na odkalisti EPRU
nebyly pocate¢ni Gtlumy raseni tak vyrazné jako na
Stfimické vysypce, vyjimku tvorily FR a CE. Defi-
nitivni vyhodnoceni ujimavosti sazenic provedené
presné rok po vysadbé, na jare 1998, ukazalo statis-
ticky signifikantni rozdily proti véem zbyvajicim pri-
pravkiim u variant s CE, na lokalité EPRU pak také
u FR. Zvolené davky CE a FR byly zfejmé k mistnim
ptidnim a klimatickym podminkdm pfili§ vysoké,
a proto vedly k nadmérné mortalité sazenic. Pokles
poctu sazenic v dalsich letech trvani pokusu kondi-
cionéry ani hnojiva jiz neovlivnily. Ztraty byly zpi-
sobeny ¢aste¢né posekdnim pri ozindni vysoké bu-
fené, z¢asti pozerem kotrend mysSovitymi hlodavci.
Pokus ukézal, Ze na leh¢ich a vzdusnéjsich ptdach
vyssi davky FR sice zpomalily ujimani, avsak v cel-
kovém hodnoceni nezpiisobily abnormalni thyny
sazenic. V tézsich piddach s nizsi vzdusnosti (EPRU)
vsak stejné davky vedly ke statisticky prokazatelnym
vypadkam sazenic. Cererit na obou lokalitach zpua-
sobil velké ztraty, které byly patrné velmi brzy po
jeho aplikaci. Ostatni testované pripravky mély na
ujimavost sazenic spiSe pozitivni vliv, avsak statis-
ticky neprikazny. Nejlepsi vysledky na obou pokus-
nych plochich v tomto ohledu vykazovaly parcely
s aplikaci BA. Rtstové parametry drevin jsou zachy-
ceny v tab. 8—11. Na Stfimické vysypce mély — ve
srovnani s kontrolnimi vysadbami — statisticky pra-
kazny pozitivni vliv na dlouzivy (vyskovy) rast dva
pripravky — FR a SE. Vliv FR byl zfejmy od druhého
roku (1998) a trva dodnes. Pozitivni ucinky SF na-
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staly rovnéz ve druhém roce a skoncily v roce ¢tvr-
tém, kdy doslo pravdépodobné k docerpani zivin.
Trvaly tedy tfi roky. U zbyvajicich pfipravka nebyl
vliv v tomto ohledu nikdy statisticky signifikantni.
Analogicka je priikaznost i v tloustkovém prirtsta-
ni. Na odkalisti EPRU byla proti kontrole statisticky
prikaznd celkovd vyska rostlin u TC v prvnim roce
a u SF ve druhém roce. V dalsich letech jiz prikaz-
nost nebyla zaznamendna. Ve srazkové podprimeér-
ném prvnim roce se dobfe projevil i TC obsahujici
hydrogely, které uvolnuji zadrzenou vodu rostli-
ndm praveé v obdobich absence pfirozenych srazek.
V dalsich letech vsak tento efekt nebyl zjistén.
Statistické vyhodnoceni tloustkového prirtstdni
ukazuje, ze zadny z testovanych preparati béhem
osmi let nebyl v tomto kritériu lepsi nez kontrola.
Kratsi efektivni podporu dlouzivého rtstu nebo
zadnou (tloustka) lze vysvétlit mj. tim, Ze na Cerpani
Zivin obsazenych v tomto hnojivu se spolupodilelo
také husté travobylinné patro, do kterého byly jasa-
ny vysdzeny, a ziviny tak byly rychleji zuzitkovany.
Naéklady na vysadbu a péci o jednu rostlinu na
obou pokusnych plochich v jednotlivych letech ob-
sahuyji tab. 12 a 13. Z nich vyplyvad, ze aplikace pri-

pravk zvysila individuélni nédklady v tomto obdobi
0 5-11 %. Celkové naklady za stejnou dobu v pre-
poctu na 1 ha pri zapoc¢itini ndkladd na vylepsovani
nezdara pak tuto diferenci viceméné kopirovaly (ta-
bulky 14 a 15). Nejvyssi naklady byly pti pouziti TC,
na Strimické vysypce byl na parcelkich s FR dlouho-
dobé statisticky prikazny (a po dobu tfi let také se
SF), tyto ptipravky zdsadné nezkratily dobu potteb-
nou na zajisténi kultury. Tento stav docilily rostliny
témeér soucasné ve vSech variantach po Sesti letech
od vysadby, i kdyz jasany s podporou FR z nich byly
nejvyssi a k zajisténi se znac¢né priblizily jiz v pa-
tém roce. Na lokalité EPRU nebyla zaznamendana ve
vyskovém ristu dlouhodoba statistickd prikaznost
proti KO u Zaddného testovaného kondicionéru ani
hnojiva. Stav zajisténé kultury byl shleddn na této
zatravnéné plose ve vSech variantich rovnéz po Ses-
ti letech od vysadby. Néaklady pti aplikaci pripravki
zde stouply 0 4—13 % proti kontrolnim rostlindm. Ze
sledovani tohoto aspektu mtzeme vyvodit zavér, ze
testované kondicionéry ani hnojiva ve zkousenych
davkach a terminu aplikace zdsadné nezkrétily cas
potiebny k dosazeni stadia zajisténé kultury.

Corresponding author:

Ing. PAVEL BULIR, CSc., Vyzkumny tstav Silva Taroucy pro krajinu a okrasné zahradnictvi Prihonice,

Kvétnové namésti 391, 252 43 Prithonice, Ceskd republika

tel.: + 420 296 528 213, fax: + 420 267 750 440, e-mail: bulir@vukoz.cz

402

J. FOR. SCI, 51, 2005 (9): 392402



