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Growth of Austrian pine (Pinus nigra Arnold) treated
with soil conditioners on Loket spoil bank
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ABSTRACT: The effects of soil conditioners Frisol, TerraCottem, Bi-algeen, and fertilisers Silvamix Forte and Cererit
on the welfare of Austrian pine were observed in a seven-year experiment on Loket spoil bank. Simultaneously the
economic aspects of growing the Austrian pine until the stage of established plantation were examined. The application
of products one year and a half after planting did not cause seedling mortality. The elongation growth of young plants
conditioned by the application of Silvamix Forte and Frisol was statistically significant whereas these effects manifested
themselves in the second year: they persisted till the end of the experiment for Silvamix Forte, and for three years in total
for Frisol. The other products — TerraCottem, Bi-algeen and Cererit — also showed generally better, though statistically
insignificant results as compared to those of the control plants. The elongation growth for all products culminated in
the fifth year and then declined. The stem diameter growth for the best products reached its maximum in the second
year. Regarding the overall height growth after seven years, the average number of the highest plants on the experiment
location was on plots treated with Silvamix Forte; these plants exceeded the control plants by 46.2 cm. Pines treated with
Frisol were higher by 23.4 cm. However, the application of soil conditioners and fertilisers to the given location proved
economically ineffective because there was no need to improve the soil at the location, the same applies to mowing and
hoeing since almost no forest weed grew there and the substrate surface remained well-aerated and porous.
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Austrian pine (Pinus nigra Arnold) ranks among
the tree species that have proved suitable for the
reforestation of spoil banks in the Sokolov Lig-
nite Basin region, where it is still used for these
purposes. This practical reason brought us to our
decision to select it as an experimental species for
testing the soil conditioners of Frisol, Terracot-
tem, Bio-algeen (known as Bi-algeen in the CR)
trademarks, their manufacturers and dealers (www.
gebruederfriedrich.de, www.terracottem.com, www.
schulze-hermsen.de) recommend, among others,
as suitable even for reclamation objectives. The
manufacturers tested the products abroad, very
often under diverse geographical, climatic and soil
conditions — arid zones, deserts, high-elevation
zones, or in experiments with other plant groups
— grasses, vegetables, flowers, fruit and ornamen-
tal tree species, e.g. VAN COTTEM (1996), LABEKE
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(1994), FucHs (1995), WEISSBACHER (1995). The
above-mentioned products have also been tested
in this country and their application in agriculture
(www.hareko.info, www.bioalgeen.cz), horticulture
(SALAS et al. 1996; REZNICEK, SALAS 1996; BULIR,
DuBskY 1998; SaLAS 2002, 20045 www.terracottem.
cz), forestry (KRIEGEL, JURASEK 1992; SARVASOVA
2001), and building construction (www.skanska.cz)
is known. However, knowledge of the application to
forestry reclamation of anthropogenic substrates in
the Central European emission zones is missing in
the subject literature. Therefore, the objective of this
long-term experiment was to observe and examine
the effects of selected soil conditioners on spoil
banks and to compare these effects with those of se-
lected domestic fertilisers regarding their impact on
the growth of Austrian pine seedlings up to the stage
of established plantation. The other objective was to
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observe and assess, within this time period, the eco-
nomic effectiveness of the reclamation process.

MATERIAL AND METHODS

The following soil conditioners and fertilisers were
tested and assessed in an experiment with Austrian
pine seedlings (2/1) pricked out in rows 1.5m x 1 m:
Frisol A (FR A), Frisol F (FR F), TerraCottem (TC),
Bi-algeen S-90 (BA S), Bi-algeen granulate (BA G),
Silvamix Forte (SF) and Cererit (CE). For brief
specifications of these products and fertilisers refer
to BULIR (2005).

The experimental location established on Loket
spoil bank is situated in the moderately warm B3 cli-
matic zone, with an average annual air temperature
of about 6.4°C, and an average total annual precipita-
tion level of about 600 mm, of which 400 mm falls
during the vegetation period. The basic meteorologi-
cal data measured at the nearest weather station in
the course of the experimental observations is shown
in Table 1. The experimental location substrate con-
sisted of quaternary soils with a portion of grey clay.
The soil profile showed an off-white soil-like coarse
sand at 0-2 cm; a light grey, slightly ferruginous,
sandy soil at 2—10 cm; a tamped sandy grey-coloured
substrate at 10—13 cm; and a ferruginous-grey sandy

soil of various grading underneath. The substrate
physical and chemical properties identified at the
beginning of the experiment are shown in Tables 2
and 3.

A randomised block design with eight replications
was used on the experimental plots in the location.
Five seedlings were planted on each plot (experi-
mental variant). The application of conditioners and
fertilisers was carried out just once in the spring of
1998, one year and a half after the original planting
of pine seedlings. The doses of single products are
shown in Table 4. Granulate products (FR F, TC, BA
G, CE) were evenly scattered around each planting
hole and then slightly forced with a hoe into the
root zone of seedlings. Two SF pellets were put in
notches made in a regular pattern around the holes
by the planter. Liquid products (FR A, BA S) were
water-diluted and then applied to seedlings with a
watering can.

Since the substrate remained aerated and no for-
est weed grew over, there was no need for either
mowing or hoeing in the course of the experiment
whatsoever, except the first two years. However, the
plants were treated with the repellent Morsuvin in
autumn each year to protect them from nibbling by
animals. In the sixth year of the experiment after the
application of products, the treatment with Mor-

Table 1. 1997-2004 average temperatures and average precipitation levels at the Karlovy Vary weather station

Year I I III v v VI VII  VIIL IX X XI XII  Annual
Average temperatures
1997 -4.6 1.3 3.8 40 120 145 155 176 124 53 16 -0.2 6.9
1998 -0.2 2.1 2.5 79 127 157 152 157 113 71 -05 -1.8 7.3
1999 -0.8 -2.6 3.4 7.1 124 135 177 156 154 6.8 06 -03 7.4
2000 -2.3 15 2.8 93 138 161 139 171 121 89 36 -03 8.0
2001 -24 -0.3 1.9 55 135 131 172 175 96 106 14 -35 7.0
2002 -1.6 2.6 3.2 6.1 134 166 170 175 109 6.3 3.1 -3.0 7.7
2003 -2.7 4.7 3.3 64 137 191 177 197 124 34 33 -15 7.5
2004 -3.7 0.1 1.6 7.6 9.8 142 162 177 125 85 25 -16 7.1
Long-term average -3.2 —-2.2 1.3 5.7 109 142 158 151 117 7.0 16 -1.8 6.4
Average precipitation levels
1997 97 595 432 336 301 478 857 534 329 593 158 51.2 5222
1998 244 121 332 346 390 852 101.1 456 1195 1321 41.0 174 6852
1999 430 637 349 227 583 677 439 500 424 254 316 308 5144
2000 293 379 940 152 444 715 666 537 411 545 348 195 5625
2001 337 192 927 461 360 453 732 414 963 289 474 614 6216
2002 290 736 433 184 499 785 278 1289 717 621 952 754 7538
2003 29.9 5.0 83 274 586 591 782 127 235 558 144 27.7 400.6
2004 488 279 143 208 977 889 811 701 810 338 765 304 6713
Long-term average 380 320 363 398 651 714 691 688 549 393 405 438 5982
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Table 2. Physical properties of the substrate on Loket spoil bank experimental location on June 16, 1998 (average of three

probes)

Profile (cm) Bu(lg/ccl;rgs)ity Part(ig/ecii?my (XIE) firiii? (%é/il.)
0-5 1.37 241 30.4 427 12.3
5-10 145 2.43 29.7 405 10.8
10-20 1.50 2.44 28.9 38.5 9.6
20-40 1.55 2.43 30.4 36.4 6.0
40-60 1.46 2.43 29.3 39.7 10.4

WPS — water pore space, AS — air space

Table 3. Chemical analysis of the substrate on Loket spoil bank experimental location on June 3, 1998 (average of three

probes)
EC Contents of nutrients (mg/100 g of substrate)
Profile (cm) pH
(mS/cm) N-NH, N-NO, P K Ca
0-20 4.1 0.04 1.2 2.0 0 4.7 60
20-40 4.2 0.02 1.0 1.7 0 4.7 62
40-60 4.1 0.03 1.0 22 0 5.0 68

EC - electrical conductivity

Table 4. Doses of soil conditioners and fertilisers for Austrian pine on Loket spoil bank

Variant Dose

FR FR F 60 g/seedling + FR A 250 ml/5 | of water/5 seedlings
TC 30 g/seedling

BA BA G 10 g/seedling + BA S 10 ml/5 1 of water/5 seedlings
SF 40 g/seedling = 8 pellets

CE 15 g/seedling

CcO control — without application

suvin was stopped because the plants had already
grown sufficiently.

The method of measuring the total annual height
and stem diameter growth was used at the end of
each vegetation period. A measuring stick was used
to measure annual shoots. The stem diameter was
measured with a slide gauge 5 cm above the root
collar. All the measured data was analysed by two-
way analysis of variance (ANOVA). Statistically sig-
nificant differences between means were evaluated
by Multiple Range Tests using the significance level
p < 0.05; all this was done using the Statgrafic plus,
version 1, programme.

For the economic assessment of costs the cata-
logues of descriptions and indicative prices of con-
struction works 823-2 Reclamations (URS Prague
1998-2003) were used, as well as the wholesale
prices of seedlings and products taken from their
manufacturers or distributors. The labour and ma-
terial costs of planting and growing one seedling
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were accumulated for single years until the stage of
established plantation (established culture). The ac-
cumulated costs were then recalculated to the cost
per one hectare (6,700 seedlings).

The meteorological data on average monthly
temperatures and total precipitation was acquired
from the Karlovy Vary weather station of the Czech
Hydrometeorological Institute in Prague. The pedo-
logical analyses were carried out in accordance with
NoVAK in VALLA et al. (1980) and SoukuP et al.
(1987).

RESULTS AND DISCUSSION
Survival rate of seedlings

All the plants set out remained healthy and vital at
the experiment location till 2002. After 18 months
from planting the application of soil conditioners
and fertilisers to Austrian pine in selected doses
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Table 5. 1998—2004 average annual height growths of Austrian pine on Loket spoil bank

Variant 1998 1999 2000 2001 2002 2003 2004
CO 12.6 a 15.2d 18.3b 223c 22.6b 139c 14.4 bc
FR 113 a 284 a 25.7 a 26.9 ab 22.5b 14.2 bc 14.3 bc
TC 114 a 19.1 bc 21.2b 24.7 bc 28.4b 12.4 ¢ 13.5bc
BA 12.1a 17.0 cd 18.8b 23.5 bc 24.2b 16.6 bc 16.9 bc
SF 12.0a 22.0b 264 a 30.3a 3l1a 21.6a 24.1a
CE 12.0a 20.2 bc 209b 23.7 be 24.4b 185b 18.7b

(Table 4) thus did not cause any additional mortality
to the plants. As recently as in summer of the above-
mentioned year, deer destroyed one pine on the
TC-treated plot while cleaning/casting antlers and
a vandal cut down the two best growing pine trees
(on the SF- and FR-treated plots) for Christmas. In
this sense, the experiment confirmed the conclusions
from other experimental locations (BULiR 2005)
where the losses of plants in the second vegetation
year were not caused by the applied agrochemicals
but by other factors. In this case, the mortality of
seedlings was not affected by the warmer weather
and lower average total precipitation level in years
following the application of products (Table 1) but
exclusively by wildlife and humans.

Growth parameters

The height and stem diameter growth in 1998 to
2004, as well as the total height and diameter of pines
in this period, are shown in Tables 5 to 8.

No statistically significant impact on the height
(longitudinal) growth in the year of application was
identified for any of the tested products. In the sec-
ond year after the application, the plants showed a
statistically significantly better growth in all experi-
mental variants except BA, compared to the control
plants, whereas the longest annual shoots were
measured for FR. The third and fourth years showed
definite benefits of FR and SF with the SF dominance.
The remaining products also showed better growth
rates in comparison with the control plants, but
these were not statistically significant. The statisti-

cally positive impact of FR on the height growth
stopped in the fourth experimental year, whereas
that of SF lasted even in the final (seventh) year of
observation. The height growths for all products
culminated in the fifth year, then they declined and
remained at approximately the same level. The pro-
gression till the fifth year was probably influenced by
the supplied nutrients and other similar components
contained in the products, and also by above-average
temperatures and primarily the higher precipitation
level (Table 1). The growth decline that occurred
from the sixth year was probably caused by the drop-
off in nutrients or their depletion and/or leaking. The
height growth dominance on the SF-treated plots
that was maintained till the end of the experiment
was probably influenced by the reserves of stored
nutrients generated in the previous years because the
positive effects persist for three years as described
in literature (e.g. KUBELKA 2001) and in another
experiment (BUL{R 2005). The acquired knowledge
for SF is similar to that of REMES et al. (2004) from
observations of the growth of spruce seedlings in the
emission zone.

In the seven years of the experiment, the highest
plants grew on the SF- and FR-treated plots. From
the third year after application their total height was
always statistically significant in comparison with
the control plants, whereas there was no statistical
significance for the remaining products (Table 6).
In 2002, when the highest growth was measured
in the whole experimental period, the pines on the
SE-treated plots were 28.8 cm higher than the control
plants on average. In the case of the FR-treated plots,

Table 6. Average overall height of Austrian pine on Loket spoil bank

Variant 1998 spring 1998 autumn 1999 2000 2001 2002 2003 2004
CcO 26.0a 38.6a 53.8b 72.1c 94.4b 117.0c 1309 ¢ 1453 c
FR 254 a 36.7 a 65.1a 90.8 a 117.7 a 140.2 ab 154.4 ab 168.7 b
TC 23.7a 351a 54.2 b 75.4 bc 100.1 b 128.5 bc 140.9 bc 154.4 bc
BA 252a 37.3a 54.3 b 73.1c 96.6 b 120.8 c 1374c 154.3 bc
SF 24.0a 36.0a 58.0b 84.4 ab 114.7 a 145.8 a 1674 a 1915a
CE 23.4a 354a 55.6 b 76.5 bc 100.2 b 124.6 c 143.1 bc 161.8 bc
J.FOR. SCI,, 52,2006 (12): 556-564 559



Table 7. Average annual stem diameter growths of Austrian pine on Loket spoil bank

Variant 1998 1999 2000 2001 2002 2003 2004
CO 34a 5.8d 7.5b 7.7 bc 5.8b 5.4 a 4.2a
FR 34a 10.8 a 8.8 ab 8.7 abc 7.4 a 4.6 a 3.7a
TC 2.7 ab 81c 8.8 ab 9.3 a 7.3 ab 56a 39a
BA 2.1b 8.7 bc 8.1ab 9.1 ab 6.2 ab 4.5a 4.8 a
SF 2.9 ab 10.6 ab 9.1a 9.8a 7.3 ab 6.1a 54a
CE 2.8 ab 85¢ 8.0 ab 72c¢ 6.4 ab 51a 4.0a
Table 8. Average overall stem diameter of Austrian pine on Loket spoil bank in the period 1998—2004

Variant 1998 spring 1998 autumn 1999 2000 2001 2002 2003 2004
CcoO 144a 17.8 a 23.6b 31.2¢ 38.7b 444 ¢ 49.8 d 54.0c¢
FR 14.0 ab 17.4 ab 28.2a 37.0a 457 a 53.0a 57.2 ab 60.9 ab
TC 12.9 ab 15.7 be 23.8b 32.6 be 41.9 ab 49.8 ab 55.4 abc 59.4 abc
BA 14.0 ab 16.0 abc 24.7b 32.8 be 41.9 ab 48.1 abe 52.6 bed 57.4 be
SF 12.7 ab 15.6 be 26.2 ab 353 ab 45.1a 523a 58.4a 63.7a
CE 12.5b 153¢ 23.7b 31.7 be 39.0b 45.3 bc 50.4 cd 544c

the height difference was 23.2 ¢m in comparison
with CO. The pines treated with other products were
higher by 3.8 cm to 11.5 cm on average. However,
these differences were not statistically significant,
as has already been stated. At the end of the experi-
mental period (2004), the average height differences
between the most successful products (SF, FR) and
the control were 46.2 cm and 23.4 cm, respectively.
The total height of plants on the TC-, BA-, and CE-
treated plots also exceeded that of the control ones,
however, the differences were insignificant.

The stem diameter growths also became statistical-
ly significant in the second year after the application
of conditioners and fertilisers. The measurement
showed a positive effect of all the products. In the
following years, only the SF-treated pines showed

better growth for another two years; after a break
also the TC- and FR-treated plants (Table 7). The
most significant stem diameter growths were iden-
tified in the second through the fourth year. Thus,
the dynamics of stem diameter growth did not cor-
respond to that of the height growth. In contrast to
the height (longitudinal) growth, the decline of the
stem diameter growth occurred one year sooner.
The overall stoutest stems, identified through the
test as being statistically significant in comparison
with the control pines, were measured in pines on
the FR- and SF-treated plots regularly as of the sec-
ond and third year, respectively, till the end of the
experiment (Table 8). In the year with above-average
(2002) and below-average (2003) precipitation level,
also TC, containing hydrogels holding water and

Table 9. 1996—2004 costs invested in the existence of 1 seedling

Costs per product (CZK/seedling)

Year

CcO FR TC BA SF CE
1996 10.57 10.57 10.57 10.57 10.57 10.57
1997 5.64 5.64 5.64 5.64 5.64 5.64
1998* 6.44 20.88 26.34 17.27 15.34 14.07
1999 1.49 1.49 1.49 1.49 1.49 1.49
2000 1.59 1.59 1.59 1.59 1.59 1.59
2001 1.55 1.55 1.55 1.55 1.55 1.55
2002 1.61 1.61 1.61 1.61 1.61 1.61
2003 - - - - - -
2004 - - - - - -
1996-2002 28.89 43.33 48.79 39.72 37.79 36.52
Index CO = 1.0 1.0 1.50 1.69 1.37 1.31 1.26

* The year when conditioners and fertilisers were applied
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Table 10. Dynamics of Austrian pine established plantation according to years and product variants

Provision (%)

Variant 2000 2001 2002 2003
CO - 62.5 75 100
FR 50 87.5 100 100
TC 12.5 75 87.5 100
BA 12.5 75 75 100
SF 37.5 75 100 100
CE - 87.5 100 100

making it available to plants in dry periods, showed
itself positive in this sense. At the end of 2004, the
SF- and the FR-treated pines had thicker stems on
average, by 9.7 mm and 6.9 mm respectively, than
those of the control plants. The stems of pines on
the remaining plots treated with conditioners and
CE were also measured and were found to be thicker
in comparison with CO, however, the measured data
was not statistically significant.

The observations of the stem diameter growth
showed that SF and FR were the best of the tested
products — just as it was for height growth.

Economic evaluation

Table 10 shows the costs of planting Austrian pine
on Loket spoil bank for the particular experimental
years. From the very beginning, the tending given
to the tree species on the experimental location
covered only chemical protection against animals
(repellent treatment) and one hoeing during the
vegetation period in the first two years because
there were hardly any weeds and the coarse-grained
substrate had specific properties. Up to 2002, there
was no mortality of seedlings, thus no improvement
was needed.

The first established plantation plots on the ex-
perimental location were observed in 2002, i.e. in
the fifth year after planting and in the third year after

the first application of products. The number of es-
tablished plots further increased in 2001 to 2002. All
variants reached the stage of established plantation
in 2003 (Table 9).

The data given in Table 10 shows that the condi-
tioners and fertilisers shortened the time needed for
reaching the stage of established plantation (culture).
Nevertheless, the time reduction did not distinctly
lower the relatively high input costs of conditioners
and their application, representing the crucial part of
the total costs (Table 11) in 1998. It was so because
the specific properties of the substrate in the location
allowed good aeration and wetting in the root zone
of plants and prevented the grasswort vegetation
from successful growing. Thus, there was no need for
costly mowing and hoeing in any year. Even though no
improvement of the experimental location was neces-
sary in the course of the experiment, and no ordinarily
practised tending of the tree species site needed to take
place, the application of the tested products proved
economically ineffective. Growing pines treated with
TC was 69% more expensive than growing pines on
the control plots. The very good and statistically more
significant growth of the SF and FR variants observed
over the years did not have an adequate economic
response, either. Regarding FR and SF, the costs of
growing pines up to the stage of established plantation
were 48% and 29% higher, respectively, than the costs
of growing the control plants.

Table 11. Loket spoil bank — recalculation of costs/ha (6,700 seedlings) according to the time to reach the established plantation
stage. Establishment (1996) and growing (1997-2004) CZK costs

Establishment (1996) and growing (1997-2004) costs (CZK)

=)

o]

Eﬁ 1996 1997 1998 1999 2000 2001 2002 2003 2004 12909064_ index
CO 70,819 37,788 43,148 9,983 10,653 10,385 4,045 - - 186,821 1.00
FR 70,819 37,788 139,896 9,983 10,653 5,179 1,348 - - 275,666 1.48
TC 70,819 37,788 176,478 9,983 10,653 7,990 1,348 - - 315,059 1.69
BA 70,819 37,788 115,709 9,983 10,653 9,321 2,697 - - 256,970 1.38
SF 70,819 37,788 102,778 9,983 10,653 6,658 2,697 - - 241,376 1.29
CE 70,819 37,788 94,269 9,983 10,653 10,385 1,348 - - 235,245 1.26
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CONCLUSION

The experiment carried out on Loket spoil bank
in the Sokolov Lignite Basin mining district with
Austrian pine (Pinus nigra Arnold) tested soil condi-
tioners of the Frisol, TerraCottem, Bi-algeen trade-
marks and fertilisers of Silvamix Forte and Cererit
trademarks. The effects of these agrochemicals were
assessed by the method of measuring the growth of
shoots and stem diameters and subsequently they
were evaluated statistically. The seven-year experi-
ment showed the statistically significant support of
two products — Silvamix Forte and Frisol — to the
growth of pine in both the above-mentioned param-
eters from the second year after their application.
The effect of statistically better growth of shoots of
the FR-treated pine persisted for three years and
that of the SF-treated pine was evident for six years.
The long-term positive impact of pelleted fertilisers
can be explained by the formation of larger reserves
of assimilatory nutrients in the first four years after
application when the pine seedlings had a plenitude
of the nutrients contained in this product. Measur-
ing the overall average height and stem diameter
proved that the pines treated with SF and FR showed
a statistically more significant growth rate lasting
till the end of the experiment in 2004. The result
corresponds with the hypothesis on the existence
of larger reserves of assimilated nutrients formed
in the course of the more intensive growth period
owing to the active effect of the product and avail-
ability to the plant after the effects of a conditioner
or a fertiliser fade. TerraCottem, Bi-algeen as well
as Cererit also improved the overall, though statisti-
cally insignificant, growth of pines. Although both
SF and FR sped up reaching the stage of established
plantation by one year in comparison with the con-
trol plants, their application at the given location
incurred 29% and 48% higher costs, respectively.
This discrepancy between the demonstrably better
growth, the reduction of the time to reach the stage
of established plantation and the higher costs was
caused by the 100% survival rate of seedlings and the
almost zero tending as a result of the specific qual-
ity of the substrate and location. It can be assumed
that the economic effectiveness of soil conditioners
and fertilisers for other types of substrates would be
more favourable.
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Rust borovice cerné (Pinus nigra Arnold) na Loketské vysypce pod vlivem
pudnich kondicionériu

P. BULIR

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

ABSTRAKT: V sedmiletém pokusu zalozeném na Loketské vysypce byl testovan vliv padnich kondicionér Frisol,
TerraCottem, Bi-algeen a hnojiv Silvamix Forte a Cererit na prosperitu borovice ¢erné. Soubézné byly sledovany
ekonomické aspekty péstovani borovice do stadia zajisténé kultury. Aplikace pripravkd jeden a pil roku po vysad-
bé nezpiisobila v pouzitych davkach zadné thyny rostlin. Vyskové prirtastani drevin statisticky prikazné ovlivnilo
pouziti Silvamixu Forte a Frisolu, pficemz tyto efekty byly evidentni od druhého roku; u SF trvaly do konce pokusu,
u FR celkem tfi roky. U zbyvajicich preparatti — TerraCottem, Bi-algeen a Cererit — bylo dosazeno také vesmés lep-
sich vysledkd nez u kontrolnich rostlin, ale ne statisticky prikazné. Vyskové prirastani vrcholilo u vech pfipravki
v patém roce, poté zeslablo. Tloustkové prirastini u nejlepsich preparata bylo nejvétsi ve druhém roce. V celkové
vys$ce po sedmi letech byly na pokusné plose primérné nejvyssi rostliny na parcelach se SF, které kontrolni rostliny
predcily o 46,2 cm. Borovice s podporou FR byly vyssi o 23,4 cm. Ekonomicky se nasazeni kondicionéri a hnojiv na
dané lokalité ukazalo jako neefektivni, nebot plochu nebylo tfeba vylepsovat, a také odpadlo ozinani a okopavani
sazenic, protoze zde nerostla témér zadnd buren a povrch substratu zastaval vzdusny a propustny.

Klicova slova: Frisol; TerraCottem; Bi-algeen; Silvamix Forte; Cererit; borovice Cernd; ptidni kondicionéry; hnojiva;

vysypky; ujimavost; rast; ndklady

V experimentu zalozeném na Loketské vysypce
v Sokolovském hnédouhelném reviru byly na boro-
vici ¢erné (Pinus nigra Arnold) testovany pudni
kondicionéry obchodnich znacek Frisol (FR), Ter-
raCottem (TC), Bi-algeen (BA) a hnojiva Silvamix
Forte (SF) a Cererit (CE). Pokus byl zaloZen na plose
kvartérnich zemin s podilem sedého jilu a uspora-
ddn metodou zndhodnénych blokd variant v osmi
opakovanich. Kazdd parcela (varianta) zahrnovala
pét sazenic. Celkovy pocet rostlin ve varianté byl
tedy 40 kust. Aplikace pripravka v davkach uve-
denych v tabulce 4 se uskutec¢nila jeden a pul roku
po vysadbé. U¢inky uvedenych agrochemikélii na
rast borovice ¢erné v pocatec¢ni fazi péstovani byly
zjistovany metodou kazdoro¢niho méreni prirastka
letorostti a prirtstkd tloustky kminkt. Ziskand data
byla nasledné vyhodnocovéna statisticky analyzou
rozptylu dvojného tfidéni (ANOVA). Prikaznost
rozdilu mezi praméry hodnot byla testovana mno-
honasobnym srovnavanim na hladiné vyznamnosti
p < 0,05. Vedle sledovéni vlivu pidnich kondicio-
nértt a hnojiv na prosperitu sazenic bylo dal$im
cilem pokusu kalkulovani a srovndvéni ndklad na
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péstovani borovice u jednotlivych preparatd, a to
do stadia zajisténé kultury. Vypocty byly provadény
ve vazbé na rlst a za pomoci standardnich cenik
praci a materidld pouzivanych rekultiva¢ni praxi.
Sedmiletd doba existence a hodnoceni pokusu uka-
zala statisticky prikaznou podporu rastu borovi-
ce v obou sledovanych biologickych parametrech
u dvou preparati — Silvamixu Forte a Frisolu, a to
od druhého roku po aplikaci. Efekt statisticky lep-
$ich prirdstka letorosta trval u FR tfi roky, v ptipa-
dé SF byl evidentni Sest let. Dlouhodoby pozitivni
ucinek tabletovaného hnojiva vysvétlujeme vytvo-
fenim vétsich rezerv asimilatd v prvnich Ctyrech
letech po aplikaci, kdy borovice mély k dispozici
dostatek zivin obsazenych v tomto preparatu. Pri
méreni celkové pramérné vysky rostlin a tloustky
jejich kminkd vykazovaly borovice statisticky pra-
kazné lepsi hodnoty ristu u SF a FR az do doby
skonceni pokusu v roce 2004. V tomto poslednim
roce hodnoceni pokusu byly borovice s podporou
SF vyssi pramérné o 46,2 cm a s podporou FR vyssi
0 23,4 cm nez borovice na kontrolnich parcelkach.
Vysledek koresponduje s hypotézou o existenci
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vétsich rezerv asimilata vytvorenych béhem obdo-
bi intenzivnéjsiho rastu vlivem aktivniho plisobe-
ni pripravku, disponibilnich rostliné po odezné-
ni Gc¢inka kondicionéru ¢i hnojiva. TerraCottem,
Bi-algeen i Cererit zlepsovaly také celkovy rist
borovic, nikoliv vSak statisticky prikazné. Pokus
rovnéz ukdzal, ze testované pudni kondicionéry
a hnojiva ve zvolenych davkach nezplisobily béhem
jeho trvani zadny dhyn sazenic. Prestoze SF i FR ve
srovnani s kontrolnimi rostlinami urychlily vstup

do stadia zajisténé kultury o jeden rok, jejich apli-
kace si vyzddala na dané lokalité vyssi naklady
029 %, resp. o0 48 %. Uvedeny nesoulad mezi proka-
zatelné zlep$enym rastem, zkrdcenim ¢asu do zajis-
téni kultury a vysokymi ndklady zptisobila 100% uji-
mavost rostlin a potfeba minimalni péce, vyplyvaji-
ci ze specifické kvality substratu a stanovisté. Lze se
domnivat, Ze na jinych substritech se ekonomicka
efektivnost pudnich kondicionéri a hnojiv ukdze
v priznivéjsim svétle.
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