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Production of Norway spruce (Picea abies [L.] Karst.)
seedlings on substrate mixes using growth stimulants

M. SLAVIK

Faculty of Forestry and Environment, Czech University of Agriculture in Prague,
Prague, Czech Republic

ABSTRACT: We evaluated the growth of Norway spruce (Picea abies [L.] Karst.) seedlings on peat and bark substrates,
on their mixes and on their mixes with agroperlite. We examined the basic quantitative traits (seedling diameters and
heights), the number of produced seedlings per unit area, main root lengths, number of axial shoots and dry weight
of shoots and roots. Besides the study of substrate influence on the biometrical characteristics of seedlings applied
standard fertilisation an experiment was established as the second variant where the effect of biostimulants was tested;
they were supplied by the JAMINEX Company. The experiment was established with three replications by standard
technologies used in forest operations. A conclusion can be drawn that in our experiments peat was found to be the most
suitable substrate for production of Norway spruce seedlings. Positive effects of biostimulants were highly significant

on almost all tested substrate mixes.
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An increasing demand for the quantity and quality
of planting stock highly influences nursery produc-
tion and associated nursery technologies. Production
of seedlings on substrates is a technology that can be
considered as optimum from the aspect of nursery
production effectiveness (seed savings, shortening
of production time, increase in production safety).
In general, peat is the most frequently used and the
most effective substrate in nursery production.

But peat reserves are largely limited, especially
in Slovakia. Therefore other suitable materials are
sought that could replace it or reduce its consump-
tion at least. Substrates made of wood waste and so
called combined substrates composed of organic and
inorganic materials seem to be a good idea.

Many authors investigated seedling growth on
mixed peat-bark substrates (BLubovsKkY 1975;
FENncL 1977; MAUER 1978, 1988; CHALUPA 1981;
LIPTAK, SANIGA 1982; SANIGA 1985; DUSEK 1989;
SLAVIK 1988, 1990, 1991, 1993; DEMKO, SMELKOVA
1994). Most authors reported that the best results
were achieved on pure peat substrates or on mixtures
with their highest possible percentage proportion.

REPAC (1996, 1999, 2000a,b) and REPAC and SLA-
VIK (1997) studied the improvement of conditions of
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spruce seedling growth on substrates by artificial my-
corrhisation while REfovskY (1953) and HAVRANOVA
(1999) evaluated the influence of biostimulants on
seedling growth.

The objective of this paper was to contribute to
the knowledge of substrate technologies for Norway
spruce seedling production by testing growth on
combined organic and inorganic substrates and by
applications of growth biostimulants and to provide
specific findings to improve the production of this
tree species.

MATERIAL AND METHOD

Site of experiment establishment
and its description

An experiment with the production of Norway spruce
seedlings on tested substrates was conducted in 2002.
A research object of Forestry Research Institute, Velké
Straz Biological Base, which lies about 3 km north-west
of the town of Zvolen, was chosen as a site for experiment
establishment. A research plot is situated in the geo-
graphical area Zvolenska kotlina at an altitude of 320 m
above sea level, its gradient is maximally 5%. Average
annual temperatures are 7-8°C, and 13-14°C in the
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Table 1. Chemical composition of substrates

Humus

N Nutrients available

Substrate pH-H,O pH-KCl %) %) %) C/N (mg/kg)
P K

p 5.72 5.57 63.34 36.7 1.55 23.70 486 3,994
B 7.35 7.07 28.05 16.3 0.88 18.50 201 766
P+A 543 5.11 33.31 19.3 0.83 23.20 146 490
B+A 7.36 7.13 26.43 15.3 0.77 19.90 134 317
P+B 7.18 6.87 36.65 21.3 0.86 24.80 201 1,237
P+B+A 6.75 6.58 35.69 20.7 0.80 25.90 161 479

growing season. Average number of summer days is
40, the number of frost days per year is 50. Annual
precipitation sum amounts to 650-700 mm; of this
sum 350-400 mm falls per growing season. Climatic
data were taken over from the nearest meteorological
station Sliac.

Seed description

Seed samples were received from the Semenoles
Company at Liptovsky Hradok; seed originated from
Slovenskd Lupca Forest Enterprise, stand No. 224c,
seed lot 34/1/89 (Lubietovsky Vepor area). Seed
quality was tested by workers of the Seed Control
Division of Forestry Research Institute at Liptovsky
Hréadok Research Station. Seed purity was 92% and
average germination rate 87%. The seed satisfied the
requirements for quality class I and therefore it was
suitable for testing.

Description of tested substrates

Basic components of tested substrates were two
organic materials (peat P, spruce bark compost B)
and one inorganic material (agroperlite A). These
materials were combined at identical percentages
by volume to produce experimental mixes: (P + A)
— peat and agroperlite, (B + A) — spruce bark com-
post and agroperlite, and (P + B + A) — a mix of
peat, spruce bark and agroperlite containing a third
portion of each component. Brief characteristics of
the used materials are as follows:

— Peat (P) — dry upland, enriched with nutrients
of one-component mineral fertilisers, trademark
Lesnicky substrat

— Spruce bark compost — ca. 100 m? of crushed
spruce bark, 10 m? of soil, 1 t of ground limestone,
0.5 tof urea, 0.5 t of superphosphate, ripening time
1 year

Table 2. Growth characteristics of Norway spruce seedlings grown on substrates with or without biostimulants (P — peat,

B — bark, A — agroperlite, BS — biostimulants)

Sowing Stem Root Root Dry weight of (mg) Number Number
Substrate recovery  height length .collar of short of lateral
(%) (mm) (mm) diameter shoots roots roor shoots
(mm) (ROOT/cm)
P 77.7 82.8 215.9 2.04 431 222 4.67 1.80
P with BS 85.3 87.0 194.9 2.78 515 263 5.47 3.73
Significance * * * o N * . *
B 56.3 38.9 165.6 1.26 127 76 7.85 0.00
B with BS 70.7 39.4 170.8 1.38 173 85 8.36 1.20
Significance i N N o o N i o
P+A 80.3 69.5 230.2 1.81 322 189 4.97 0.63
P+A with BS 86.3 73.6 235.0 2.30 502 240 6.39 2.47
Significance * o N o o * o
B+A 63.0 58.1 253.3 1.58 173 134 6.54 0.53
B+A with BS 66.3 62.3 207.2 1.58 302 161 7.66 2.23
Significance N o o N o * i o
P+B 73.0 58.7 230.5 1.60 127 106 6.84 1.07
P+B with BS 79.0 64.9 219.9 2.35 217 208 791 3.33
Significance N o N o o o . *
P+B+A 76.0 65.3 253.8 1.84 164 130 4.82 1.33
P+B+A with BS 83.0 61.8 241.7 2.29 228 171 6.33 2.73
Significance o o N * * o o o
Significance: N — statistically not significant, * — statistically significant, ** — statistically highly significant
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— Agroperlite (A) — granular expanded perlite. It is
avolcanic glass that largely increases its volume at
a temperature of about 1,000°C, so its initial bulk
density is not higher than 200 kg/m?. A fraction
of grain size 4—8 mm was used for tests.
Table 1 shows the chemical composition of tested
substrates. Analyses were carried out in laboratories
of the company Lesoprojekt Zvolen.

Description of tested biostimulants

Effects of liquid, ecologically sound biostimulants
on the basis of synthetic amino acids were tested in
our experiments. These biostimulants were supplied
by the Spanish-Czech company JAMINEX.

Experiment establishment and conduct

Experiments were conducted in polyethylene-
covered frames at Velka Strdz Biological Base of
Forestry Research Institute as a field trial with three
replications for both variants (with biostimulants
and without them).

Sowing was performed on the 4" April 1992 on
microplots 1.5 m? in size with substrate of thick-
ness 20 cm. To control nematodes substrates were
treated with 2% solution of Nematin at a dose of
20 litres per 1 m? before sowing and basic fertilisa-
tion was incorporated at the same time in the form
of combined fertiliser Cererit at a dose of 2 kg/m?.
After a biological test with lettuce seed 800 seeds per
microplot were sown in a regular design according
to the template. After sowing reed mats were used to
protect seeds against birds; after emergence the mats
were raised as screens against the sun and they were
removed before the first hand weeding of the frame
in mid-June. Seedlings were not treated chemically
in the growing season, the second weeding was car-
ried out at the end of August. Two fertilisation
treatments were used in the growing season: 0.2%
solution of Vegaflér was applied at a dose of 10 litres
per 1 m% The amount of artificial irrigation was de-
termined with tensiometer located in peat substrate
for all substrates in the same way.

In biostimulant variants biostimulants were ap-
plied in addition to the above treatments according
to the manufacturer’s instructions (JAMINEX Com-
pany). Before sowing the seed was dipped in 0.1%
solution of Aminol-forte for 24 hours to stimulate
germination. Sowing was performed on the 5" April
2002. After emergence and “shedding of caps” seed-
lings were sprayed with 0.01% solution of Fosnutren
to stimulate root formation. After 25 days twice
repeated sprayings of seedlings with 0.01% solution
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of Humiforte N 6 were carried out to stimulate shoot
growth. After height increment terminated, seed-
lings were sprayed with 0.01% solution of Kadostim
to support their lignification. Seedlings were lifted
and taken for experimental measurements on the
9" October 2002.

Sampling of seedlings and measured traits

After growth termination and maturation of seed-
lings 10 seedlings were lifted from each substrate and
replication and the following biometrical measure-
ments were carried out:

1. Percentage sowing recovery that was defined as a
difference between the number of planted seeds
and that of produced seedlings

2. Root collar diameter measured to the nearest
0.05 mm

3. Stem height (shoot length) measured to the nearest
1 mm

4. Shoot dry weight (shoot weight) measured to the
nearest 0.001 g

5. Number of lateral shoots

6. Main root length (root length) measured to the
nearest 1 mm

7. Dry weight of root system (root weight) measured
to the nearest 0.001 g

8. Number of short roots on the fifth roots with their
maximum occurrence (ROOT number); they were
calculated per 1 cm of root length. ROOT is taken
to mean short roots maximally 0.7 cm in length
that are important mainly for nutrient absorption
from the substrate (STEINHUBEL 1984).

Arithmetical mean, standard deviation and coef-
ficient of variation were calculated from the meas-
urements for each biometrical variable. They were
used to compare the particular treatments in the
evaluation of the trial. Student’s ¢-test was employed
to determine statistical significance of differences in
arithmetical means of compared variables.

RESULTS

Growing of spruce seedlings without
biostimulants

Table 2 shows basic biometrical characteristics
of spruce seedlings grown on experimental sub-
strates.

The highest average production was recordedon P + A
mix: 80.3%. Relatively good results were obtained
on peat substrate (77.7%). The number of produced
seedlings on the other substrates was lower (the low-
eston B —56.3% and on B + A — 63%).
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Fig. 1. Emergence of Norway spruce seedlings with the ap-

plication of biostimulants and without them

The evaluation of root collar diameters indicated that
seedlings of the largest diameter were produced on
peat (2.04),P + B + A (1.84 mm) and P + A (1.81 mm).
The smallest diameter (1.26 mm) was measured on
bark substrate.

Seedlings on P + B + A and B+A formed the long-
est roots (253.8 and 253.3 mm, respectively). The
shortest roots, on average 165.6 mm, were measured
in seedlings on bark compost. As for dry weight, the
highest weight was recorded in seedlings on peat
(222 mg) and on P + A mix (189). The poorest root
system was found out in seedlings on bark (76 mg),
which was a 2.5 to3 fold difference.

The evaluation of short root formation showed a
contrary influence of substrates on their develop-
ment compared to all biometrical measurements. The
highest ROOT per 1 cm of root length was formed
by seedlings on bark compost (7.85 ROOT/cm).
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Fig. 3. Root length in Norway spruce seedlings with the ap-
plication of biostimulants and without them
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Fig. 2. Stem height in Norway spruce seedlings with the ap-
plication of biostimulants and without them

On the other hand, the lowest ROOT/cm was pro-
duced on peat (4.67) and on R + A mix (4.97).

The lengths (height) of seedling shoots on the partic-
ular substrates ranged from 82.8 mm on peat to 38.9 mm
on bark compost. The evaluation of the number
of lateral axial shoots indicated the highest aver-
age value in seedlings on peat (1.8 shoots per
seedling). Seedlings on bark compost did not form
any lateral axial shoot in the first year. The aver-
age numbers of shoots on the other substrates were
from 1.33 (P + B + A) to 0.53 (B + A). In the evaluation
of shoot dry weight the order of substrates was the
same as for root dry weight while the highest values
were recorded on peat (431 mg) and on P + A mix
(322 mg). Seedlings on bark compost and P + B mix
showed the lowest values (almost identically 127 mg).

It is to state in general that the results of all char-
acteristics of spruce seedlings (except the ROOT fre-
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Fig. 4. Root collar diameter in Norway spruce seedlings with

the application of biostimulants and without them
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Fig. 5. Shoot dry weight in Norway spruce seedlings with the

application of biostimulants and without them

quency) were substantially worse on substrates with
addition of bark compost compared to substrates
with addition of peat or agroperlite.

Evaluation of the effects of biostimulants
on spruce seedling growth

Table 2 shows basic biometrical characteristics of
spruce seedlings grown on the particular substrates
without biostimulants and with their application.

After the application of biostimulants production
on all mixes increased highly significantly. It is also
documented in Fig. 1. This increase was statistically
insignificant only on mixes B + A and P + B.

A highly significant increase in shoot lengths was
measured in biostimulant-treated seedlingson P + B
(from 58.7 mm to 64.9 mm), P + A (from 69.5 to 73.6 mm)
and on B + A (from 58.1 to 62.3 mm) (Fig. 2). This increase
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Fig. 7. Numbers of short roots/cm of root length in Norway
spruce seedlings with the application of biostimulants and

without them
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Fig. 6. Root dry weight in Norway spruce seedlings with the

application of biostimulants and without them

was insignificant on bark compost and a decrease in the
average height of seedlings from 65.3 mm to 61.8 mm
was found out on P + B + A mix.

The evaluation of root length (Fig. 3) reflected a
contrary situation when seedlings without biosti-
mulants showed markedly better results than those
treated with biostimulants except seedlings on bark
compost and P + A mix where the increase was in-
significant (Table 2). It can be explained by so called
growth after nutrients.

Fig. 4 and Table 2 document that average diameters
of root collars significantly increased on all evaluated
substrates (from 10% on Bto47% on P + B) except B + A
mix where the application of biostimulants did not
induce any changes.

The application of biostimulants influenced the
production of shoot (Fig. 5) and root (Fig. 6) biomass.
The increases in shoot dry weight in per cent were
as follows: 36% (B), 56% (P + A), 75% (B + A), 71%
(P + B) and 39% (P + B + A). The weight increase
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Fig. 8. Number of lateral shoots in Norway spruce seedlings

with the application of biostimulants and without them
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on P was statistically insignificant. Similarly like in
the comparison of root dry weight, higher values in
seedlings treated with biostimulants were calculated
for all substrates (from 19% on peat to 96% on P + B
mix). The increase was statistically insignificant only
in seedlings on bark substrate.

The influence of biostimulants on an increase in
ROOT number and in the number of lateral shoots
on the seedling axis was still more marked (Fig. 7).
Statistically highly significant differences were de-
termined between seedlings on all six tested sub-
strates.

The formation of lateral shoots was influenced
by biostimulants positively (Fig. 8) when statisti-
cally highly significant increases in the number of
lateral shoots were also determined on all substrate
mixes.

DISCUSSION

From the aspect of the influence of particular sub-
strates on quantitative and qualitative characteristics
of spruce seedlings, the use of peat substrates brought
the best results as expected. Relatively good results
were also obtained after agroperlite was added at a
volume ratio 1:1. Its addition to substrate mixes was
recommended by LIPTAK and SANIGA (1982), LIPTAK
et al. (1990), SLAVIK (1990).

The analysis of the heights of seedlings grown
on particular substrates indicated that seedlings
produced on substrate from dry upland peat and its
mixes with perlite (1:1) exceeded by their heights
significantly or highly significantly seedlings grown
on the other substrates. These substrate mixes main-
tain their physical properties for a longer time, even
longer than the peat itself (Soukup, MaTOUS 1979;
BEDRNA 1989). Similarly, the best results were ob-
tained for the production and shoot and root weights
of seedlings grown on peat and its mix with agro-
perlite P + A (1:1). Our findings were fully consistent
with the results of cited authors.

In addition, our unsatisfactory results of direct
growing of seedlings on pure substrates made of
composted spruce bark correspond with conclusions
of BLUDOVSKY (1975), FENcL (1977), SkouPY (1977),
MAUER (1988), etc. These authors did not recom-
mend to use pure bark for seedling production.

The use of bark-agroperlite mixes at a ratio 1:1, as
also recommended by MAUER (1988), seems more
suitable. In our experiments, most biometrical char-
acteristics showed higher values on B + A substrates
than on pure bark compost.

Substrate mixes made of peat and bark compost at
avolume ratio 1:1 are considered by many authors as
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suitable substrates for the production of seedlings of
forest tree species. Among others, it was confirmed
by FERDA (1976), CHALUPA (1980) and DEMKO and
SMELKOVA (1994), and also by our experiments
where the results on peat + bark substrates were
relatively good.

One of the morphological characteristics that have
not been evaluated very frequently until now is the
number of short roots (ROOT). STEINHUBEL (1982,
1984) called these roots shortened root branches
(SRB). He was convinced that some forest tree spe-
cies that did not have any root hairs or a very low
number of root hairs compensated the deficient
size of the active surface by increased formation
of short roots. It was observed that the increased
ROOT frequency compensated the lack of thin roots
with active surface while the frequency of short
roots decreased under rich formation of thin roots
(STEINHUBEL, LipTAK 1985). If the mycorrhiza is
insufficient, the former phenomenon occurs.

In our experiments roots of seedlings grown on the
poorest substrates also formed the highest amount
of ROOT.

In general, the application of biostimulants had
positive effects on all examined quantitative and
qualitative traits on most substrates, especially on
the formation of lateral shoots, diameter and height
growth. They also positively influenced the forma-
tion of short roots — ROOT.

Aswe used biostimulants of a new firm (JAMINEX)
in our experiment and as its products were not tested
by many authors until then, we could compare our
results with conclusions of a limited number of au-
thors. The comparison of our experiments with their
results (CHLEPKO et al. 1995) indicated that they also
recorded positive effects of biostimulants on seed-
ling germination and growth in their tests.

In our experiments during tests of spruce seedlings
on peat substrate we recorded higher values of all
examined traits after biostimulant applications com-
pared to internal materials of JAMINEX Company.
In our experiments the increase in root collar diam-
eters was highly significant while in JAMINEX mate-
rial the difference was reported as insignificant.

CONCLUSION

The percentage proportion of the number of
spruce seedlings in the number of planted seeds was
about 60—86%, which is an adequate result for a for-
est operation. A higher number of seedlings was pro-
duced on mixes containing peat and also agroperlite
compared to mixes with composted spruce bark. The
pre-sowing dipping of seeds in the biopreparation
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Aminol Forte also positively influenced the number
of produced Norway spruce seedlings.

From the practical aspect, Norway spruce seed-
lings grown on most substrate mixes (except com-
posted bark substrates) complied with the length
criteria for transplanting.

The evaluation of all quantitative traits showed
that they were positively influenced by the presence
of peat in substrate mixes; on the other hand, an
increase in the proportion of bark compost led to a
decrease in all quantitative traits (length and weight
ones).

The application of biostimulants increased the
frequency of short roots and the number of lateral
shoots in tested seedlings.

References

BEDRNA Z., 1989. Substréty na pestovanie rastlin. Zaklady
pestovania. Bratislava, Priroda: 259.

BLUDOVSKY Z., 1975. Vyuziti kiry lesnich dfevin. Praha,
Studijni informace — Lesnictvi, 4: 56.

DEMKO J., SMELKOVA I.., 1994. Biotechnologické spraco-
vanie a vyuzitie kory a inych organickych odpadov. Vedecké
a pedagogické aktuality, 13: 41.

DUSEK V., 1989. Optimalizace vyzivy sazenic péstovanych
na substritech. Opoc¢no, VULHM, VS: 96.

FENCL J., 1977. Drcend kira a jeji vyuziti. Lesnicka prace,
56: 528—-533.

FERDA J., 1976. Vyuziti stromové kiry k vyrobé kiiro-raselin-
nych substrit pro péstovini semendcki a sazenic lesnich
drevin. Lesnictvi, 22: 903-922.

HAVRANOVA 1., 1999. Ekologicky sposob pestovania seme-
nac¢ikov smreka na netradi¢nych substratoch s vyuzitim
biostimulatorov a ich optimalne hodnoty. Folia oecologica,
26:129-138.

CHALUPA V., 1980. Rtst semendc¢kl jehli¢natych dievin
ptijejich péstovani ve venkovnich a vnéjsich podminkach.
Préce VULHM, 57: 233-255.

CHALUPA V., 1981. Vliv sloZeni substrati na riist semenacki
smrku a borovice. Lesnickd préice, 60: 453—-456.

CHLEPKO V., SLAVIK M., GAJDOS A., 1995. Generativne
mnoZenie vybratych lesnych drevin. In: KAMENSKY et al.,
Vyskum pestovnych opatreni v horskych, najma ochrannych
lesoch pod vplyvom imisii. Zvolen, LVU, VS: 30-80.

LIPTAKJ., SANIGA M., 1982. Pestovanie semenécikov smre-
ka obycajného (Picea abies [L.] Karst.) na kombinovanom
substrate z raseliny a perlitu. Zvolen, Vedecké prace VULH,
33:109-129.

LIPTAK]J., GAJDOS A., SLAVIK M., 1990. Racionaliz4cia a op-
timalizacia rastovych podmienok pri pestovani semenécikov
a sadenic. [Zavere¢na sprava.] Zvolen, VULH: 91.

MAUER O,, 1978. Vyuziti odpadni kiry pro pfimé hnojeni.
Lesnicka prace, 57: 532-534.

J.FOR. SCI,, 51, 2005 (1): 15-23

MAUER O, 1988. Vyroba a uziti kirovych substrati v lesnim
$kolkarstvi. In: Sbornik referati Vyroba a pouziti umélych
substratti v lesnim $kolkai'stvi. Brno, VSZ: 9-12.

REPAC L, 1996. Vplyv primesi lesnej hrabanky a kompostu do
minerdlnej pody na rast a tvorbu mykoriz volnokorennych
semendacikov smreka obycajného (Picea abies [L.] Karst.).
Acta Facultatis Forestalis Zvolenensis, 38: 63—73.

REPAC 1., 1999. Ramcovy prehlad $kolkarskych pokusov
s mykorizaciou smreka obycajného (Picea abies [L.]
Karst.) a borovice lesnej (Pinus sylvestris [L.]). In: Sbornik
z védeckého semindare Péstovani lestt v podminkdch an-
tropicky zménéného prostredi. Brno, MZLU: 35-41.

REPAC I, 2000a. Mykorizéicia obalenych semenacikov
smreka obycajného (Picea abies [L.] Karst.) granulovanym
hubovym inokulom. Acta Facultatis Forestalis Zvolenensis,
42: 69-79.

REPAC 1., 2000b. Mykorizna symbiéza lesnych drevin a jej
uplatnenie v $kolkarstve. Zvolen, Vedecké stadie TU: 69.
REPAC I, SLAVIK M., 1997. Umela mykorizacia semendcikov
smreka obycajného (Picea abies [L.] Karst.) na zmie$anych
organicko-anorganickych substratoch. Lesnicky casopis,

43: 357-366.

RETOVSKY R., 1953. Rtstové stimulétory. Praha, CSAV: 117.

SANIGA M., 1985. Pestovanie semendacikov na neraselinovych
substratoch. [Zavere¢na sprava.] Zvolen, VSLD: 71.

SKOUPY J., 1977. Péstovani semenackil na substratech
s kiirou. Lesnickd prace, 56: 390-393.

SKOUPYJ., 1984. Skladovdni a rist semenécki lesnich devin.
Lesnictvi, 13: 597-606.

SLAVIK M., 1988. Skiisenosti s kombinovanymi substratmi
pri pestovani semenacikov smreka. In: Sbornik referata
Vyroba a pouziti umélych substratd v lesnim $kolkafstvi.
Brno, VSZ: 13-19.

SLAVIK M., 1990. Kérové substraty ako néhrada rageliny.
Zvolen, Vedecké prace VULH: 281-297.

SLAVIK M., 1991. Vyskum substratov a kompostov vyrobenych
na béaze drevnych odpadov. Zvolen, VULH: 144.

SLAVIK M., 1993. Vplyv anorganickej primesi v zmiesa-
nych organicko-anorganickych substratoch na produkciu
a rast smreka. In: Zbornik z konferencie. Zvolen, LVU:
255-264.

SOUKUPJ., MATOUSJ., 1979. Vyziva rostlin, substraty a vo-
da v okrasném zahradnictvi. Praha, SZN: 279.

STEINHUBEL G., 1982. Vplyv vlastnosti substratov na morfo-
l6giu a aktivny povrch korenov koniferovych semenacikov.
Lesnicky ¢asopis, 28: 347-359.

STEINHUBEL G., 1984. SKV a indikécia produkénej Géin-
nosti novych skolkarskych substratov. Zpravy lesnického
vyzkumu, 1: 5-8.

STEINHUBEL G., LIPTAK ., 1985. Vplyv vyrobnych techno-
l6gii na fyziologické a strukturdlne vlastnosti semendacikov
a sadenic. [Zavere¢n4 sprava.] Zvolen, VULH: 93.

Received for publication April 14, 2004
Accepted after corrections September 22, 2004

21



Pestovanie semenacikov smreka obycajného (Picea abies [L.] Karst.)
na zmiesanych substratoch s vyuzitim stimulatorov rastu

M. SLAVIK

Fakulta lesnickd a environmentdlni, Ceskd zemédélskd univerzita v Praze, Praha, Ceskd republika

ABSTRAKT: V préci sa hodnoti rast semenacikov smreka obyc¢ajného (Picea abies [L.] Karst.) na raselinovych a kdrovych
substratoch, na ich vzdjomnych zmesiach i na ich zmesiach s agroperlitom. Sleduju sa nielen zakladné kvantitativne pa-
rametre (hribky a vysky semendcikov), ale aj mnozstvo vypestovanych semenacikov na jednotke plochy, dizky hlavnych
korenov, pocet vetiev na osi a hmotnosti su$iny nadzemnej i podzemnej ¢asti. Okrem zistovania vplyvu substratu na
sledované biometrické charakteristiky semendc¢ikov pri beznom prevadzkovom hnojeni sa ako druhd varianta pokusov
zalozil pokus, kde sa overoval vplyv biostimuldtorov, ktoré na testovanie dodala firma JAMINEX. Pokus bol zalozeny podla
beznych prevddzkovo-pestovnych technolégii v trojndsobnom opakovani. Je mozné konstatovat, Ze aj v nasich pokusoch
sa ako najvhodnejsi substrat na pestovanie semenacikov smreka ukdzala raselina. Kladny vplyv biostimuldtorov sa prejavil

velmi vyznamne na takmer vsetkych testovanych substratovych zmesiach.

Klucové slova: semendciky smreka; substréty a ich zmesi; o$etrovanie biostimuldtormi

Narastajuce poziadavky na mnozstvo a kvalitu
sadbového materidlu klada stéle vys$sie naroky na
skolkarsku vyrobu a s tym spojené skolkarske tech-
nolégie. Medzi skolkérske technoldgie, ktoré moze-
me z pohladu efektivnosti $§kolkérskej vyroby pova-
Zovat za optimdlne (Setrenie semena, skracovanie
vyrobnej doby, zvy$ovanie bezpe¢nosti produkcie),
patri pestovanie semendcikov na substratoch. Je
vSeobecne zname, Ze najpouzivanejSim a najefek-
tivnej$im substratom v $kolkarskej vyrobe je a osta-
va raselina.

Zasoby raseliny st v$ak, najmé na Slovensku, znac-
ne obmedzené. Hladaju sa preto iné vhodné materi-
aly, ktoré by ju mohli nahradit, resp. aspon znizit jej
spotrebu. Urcitym rieSenim sa ukazuje vyuzitie sub-
stratov vyrobenych na baze drevnych odpadov a tzv.
kombinovanych substritov z organického a anorga-
nického materialu.

Pri pestovani sadbového materidlu vznikaji po-
merne vysoké straty. Jednou z moznosti zniZenia
strat pri produkcii sadbového materidlu a zaroven
zlep$enia kvantitativno-kvalitativnych parametrov
vypestovanych semendcikov moze byt vyuzitie bio-
stimuldtorov — latok podporujuicich rast rastlin.

Cielom prace bolo posadit vplyv jednotlivych
substratov a biostimuldtorov na produkciu a kvalitu
vypestovanych semendcikov smreka.

Pokus bol zalozeny vo vyskumnom objekte LVU
Biologicka zékladna Velkd Strdz, asi 3 km severoza-
padne od Zvolena. Vyskumna plocha sa nachadza
v geografickom celku Zvolenska kotlina v nadmors-
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kej vyske 320 m a je situovand v teréne so sklonom
asi do 5 %. Priemerné ro¢né teploty sa tu pohybuju
medzi 7-8 °C, vo vegetacnom obdobi medzi 13-14 °C.
Priemerny pocet letnych dni je 40, poc¢et mrazovych
dni do roka je 50. Ro¢ny thrn zrazok je 650—700 mm,
z ¢oho na vegetacné obdobie pripada 350-400 mm.

Pokusy sa uskutocnili v polyetylénovom kryte
(PEK) na Biologickej zdkladni LVU Velk4 Straz for-
mou polného pokusu s trojndsobnym opakovanim
pre obidva varianty (s biostimuldtormi a bez nich).

Vysev sa vykonal 4. 4. 1992 na pléskach 1,5 m?so
substratmi navrstvenymi do hribky 20 cm. Pred vy-
sevombolisubstratyosetrenéprotihddatkdm2%roz-
tokom Nematinu v davke 201 na 1 m*a zaroven bolo
do nich zapracované zdkladné hnojenie prostred-
nictvom kombinovaného hnojiva Cererit v davke
2 kg/m?. Po vykonani biologického testu semenom
$aldtu sme vysiali pravidelne podla $ablény seme-
nd v pocte 800 semien na jednu plosku. Po vysia-
ti sme semend chranili proti vtakom rakosovymi
rohozami, ktoré boli po vykli¢eni zdvihnuté ako
ochrana proti slnku a Gplne odstrdnené pred pr-
vym ru¢nym pletim zdhona v polovici juna. V prie-
behu vegetacnej doby semenaciky neboli chemicky
o$etrované. Druhé pletie bolo vykonané koncom
augusta. Hnojenie v priebehu vegetacnej doby sa
uskuto¢nilo dvakrat, a to 0.2% roztokom Vegafl4-
ru v davke 10 1 na 1 m* Mnozstvo umelej zavlahy
sa stanovilo pomocou tenziometra umiestneného
v raselinovom substrate pre vsetky substrity rov-
nako.
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Pri variantdch s biostimuldtormi boli navyse apli-
kované biostimulatory podla metodiky vyrobcu (fir-
ma JAMINEX). Pred vysevom sa pre podporu kli-
Cenia namadcalo osivo 24 hodin v 0.1% roztoku pri-
pravku Aminol-forte. Vysev bol vykonany 5. 4. 2002.
Po vykliceni a ,zhodeni ciapociek” sme semend-
¢iky postrekovali 0.01% roztokom Fosnutrenu na
podporu tvorby korenov. Po 25 dioch sme dvakrat
opakovane postrekovali semenaciky 0.01% rozto-
kom Humiforte N 6 pre podporu rastu nadzemnej
Casti. Po ukonceni vyskového prirastku sme seme-
naciky postriekali 0.01% roztokom Kadostimu pre
podporu ich zdrevnatenia. Semenaciky boli vy-
zdvihnuté a vzorky na pokusné merania odobraté
9. 10. 2002.

Po ukonceni rastu a vyzreti semenacikov sa z kaz-
dého substratu a opakovania vyzdvihlo po 10 seme-
nacikov, na ktorych sa uskuto¢nili nasledovné bio-
metrické merania:

1. Percentudlna vytaznost vysevu, ktora sa urcila na
zdklade rozdielu poctu vysiatych semien a vypes-
tovanych semenacikov

2. Hrabka korenového krcka s presnostou 0,05 mm

3. Vyska stonky (dlzka NZ) s presnostou na 1 mm

4. Hmotnost susiny nadzemnej ¢asti (hmotnost NZ)
s presnostou na 0,001 g

5. Pocet bo¢nych vyhonkov

6. Dlzka hlavného korena (dlzka PZ) s presnostou na
1 mm

7. Hmotnost susiny korenovej ststavy (hmotnost PZ)
s presnostou na 0,001 g.

8. Pocet korenov obmedzeného rastu na piatych
korenoch s ich maximalnym vyskytom (poc¢et KOR);
prepoditali sme ich na 1 cm dlzky korena.

Z nameranych hodnét sme pre kazda biometricka
veli¢inu vypocitali aritmeticky priemer, smerodajnt
odchylku a varia¢ny koeficient. Tie sme pouzili pri
vyhodnocovani pokusu na porovndavanie jednotli-
vych variantov. Statistickd vyznamnost rozdielov
aritmetickych priemerov porovnavanych veli¢in
sme testovali pomocou Studentovho ¢-testu.

Percentudlny podiel poc¢tu semenacikov smreka
z poctu vysiatych semien sa pohyboval od 60 do
86 %, o mozno aj pre prevadzkové podmienky po-
vazovat za primerany vysledok. Viac semendacikov
bolo vypestovanych na zmesiach s podielom raseli-
ny a tiez agroperlitu oproti zmesiam, v ktorych bola
zastupend kompostovand smrekova kora. Kladny
vplyv na mnozstvo vyrastenych semendacikov smre-
ka malo aj predosevné macanie semien v biopri-
pravku Aminol-forte.

Z praktického hladiska je nutné povedat, Ze seme-
naciky smreka obycajného, vypestované na vécsine
sledovanych substratovych zmesi (s vynimkou kom-
postovanych kérovych substratov), spliali dizkové
kritéria na skolkovanie.

Pri hodnoteni vsetkych kvantitativnych paramet-
rov mozno konstatovat, Ze na ne mala kladny vplyv
pritomnost raseliny v substratovych zmesiach, na-
opak zvySovanim sa podielu kérového kompostu
vetky kvantitativne parametre (dlzkové i hmot-
nostné) klesali.

Naopak aplikovanim biostimuldtorov stpala
frekvencia korenov obmedzeného rastu a narastal
pocet bo¢nych vetiev testovanych semendcikov.
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