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Soil aspects of forest site revitalization after windrow
cultivation by heavy mechanization on the Krusné hory
Mts. Plateau
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ABSTRACT: The reflection of soil properties in the health condition of forest stands is connected with synergy of
stressors that influence the forest existence. In the Kru$né hory Mts. (Czech Republic, Europe) methods of full-area site
mechanized preparation before reforestation were applied on existing ecotopes of the air polluted clear-cut area and the
uniform relief of windrows was established. The hypothesis whether the soil in the windrows could be directly used for
local cultivations as a substrate suitable for forest tree species growth was examined. The influence of three machines
(digger, bulldozer and cultivator) used for the windrow cultivation was monitored in relation to soil properties. The
state of the properties of prepared sites was compared with retained windrows and control plots with scarification. The
effects of mechanized soil preparation before reforestation were different according to the concrete ecological factors
of the given sites. The influences of individual means of mechanization on concrete soil properties were determined
as locally differentiated. The windrow cultivation led to an increase in cation exchange capacity (CEC) especially due
to an increase in Ca** and Mg?* content. Locally it led to the stabilization of N—NH; content. The optimization of soil
physical properties was connected with the state of C_ . The mechanized windrow cultivation did not optimize either
C/N ratio or maximum capillary capacity (6,,..) or porosity (p). The mechanized windrow cultivation in the condi-
tions of decreased air pollution load generally appears as a good technology for revitalization of degraded sites because
it provided more optimal trophic conditions for the forest tree species growth than windrows or sites with completed
scarification.
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Trophic factors of forest soils indicate spatial and
temporal differentiation. Their reflection in the
health condition of forest stands is connected with
synergy of stressors that influence the forest exist-
ence. The most important changes in the forest tree
nutrition were observed especially in regions heavily
affected by air pollution depositions (PURDON et al.
2004). The Krusné hory Mts. (338-1,244 m a.s.l;
+5.5 to +2.7°C, 900—1,200 mm) (CULEK 1996) are
a region where in 1970-1977 air pollution caused a
fast decrease of forest cover percentage (23.9%). In
1975-1977 forest stand damage was also initiated
on a large area in the territory of the Czech Republic

(VACEK 1996; SCHWARZ 1997). Temperature fluctua-
tions during the winter 1978/1979 were the starting
event for subsequent long-term forest decline and
forest stand dieback on large areas in many European
regions. The last extensive direct forest stand damage
by SO, was observed in the Kru$né hory Mts. on an
area larger than 10,000 ha in 1996 (BRIDGES et al.
2002). This situation was also influenced by unfa-
vourable meteorological impacts that led to a long-
term accumulation of air pollution in the ridge part
of the mountain range. The last period of significant
forest damage in the Czech Republic was from 1991
to 1994 characterized by dry climatic episode.
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The forest dieback was followed by efforts aimed
at forest reconstruction. The Kru$né hory Mts.
plateau provided ideal conditions for the applica-
tion of forest site mechanized preparation. Soil
scarification was done by diggers and bulldozers
for the preparation of sites for forest regeneration,
soil horizons relatively unaffected by air pollution
were denuded and the uniform relief of windrows
was created. The environment of windrows enabled
to make a fast progress of reforestation (and also re-
petitively) and to apply chemical amelioration (Pop-
RAZSKY et al. 2001). Mechanized devastation of the
natural ecotope led to topsoil horizon degradation
and risky humus losses (JIRGLE 1983; KUBELKA
1992; VAVRICEK, SIMKOVA 2004). Changes in the
substance fluxes resulting from chemical ameliora-
tion led to temporary progressive degradation of
forest types (cf. SMOLANDER et al. 2000; OLSSON,
KELLNER 2002; VAVRICEK, SIMKOVA 2004). The
mixed material of windrows (Table 1) became an
important source of available mineral nutrients and
N, on these sites and an environment with optimal
values of C/N ratio. Organic matter fermentation in
windrows became a process ensuring the creation
of optimal conditions for plant nutrition with only
minimal immobilization of nitrogen (VAVRICEK
2003).

MATERIAL AND METHODS

The Kru$né hory Mts. are a marked fault elevation
of the Saxothuringian Zone of Bohemian Massif.
They are mainly built of parametamorphites (phyl-
lites) and migmatites. Three sites were selected in the
territory of Kldsterec nad Ohi1 forest district: Spi¢dk
working-plan area (185A 2); Nadrazi working-plan
area (418B 2) and Suchdol working-plan area (403E 2).
On these sites individual field plots (FPs) were speci-
fied after windrow cultivation. For the specification
of elementary FP, the concrete technological method
of cultivation of previous windrow by heavy ma-
chinery was essential (VAVRICEK et al. 2005). The
state of soil physical properties, sorption complex,
available mineral nutrients and humus substances
were observed on plots after windrow prepara-
tion by digger, bulldozer or cultivator. The state of
properties of the cultivated sites was compared with
original retained windrows (W) and control plots
(CP) with completed scarification. The selected sites
are situated on the Kru$né hory Mts. plateau at the
elevation of 880-890 m a.s.l. where zonal soils are
represented especially by Haplic Podzols (SIMKOVA,
VAVRICEK 2004a,b; VAVRICEK 2003). The potential
vegetation on these sites generally corresponds to

the associations Calamagrostio-villosae Piceetum
and Sphagno-Piceetum (CULEK 1996; NEUHAUS-
LOVA et al. 1998). Site 185A 2 is characterized by
northern exposition and forest type group (FTG)
7K (Fageto-Piceetum acidophilum). Site 418B 2 is
characterized by southern exposition and FTG 7K.
Site 403E 2 is characterized by its southern exposi-
tion and FTG 6S (Piceeto-Fagetum mesotrophicum)
(LHP 1999-2008, unpubl.).

Nine sampling places were regularly established on
each FP, left W and CP. Chemical and physicochemi-
cal soil properties were determined on the basis of
composite samples. The soil samples were situated
into topsoil horizons. Terrain research was conduct-
ed during the growing season 2004. The determina-
tion of soil physical properties involved only those
characteristics that could be determined from metal
core sampling cylinders of standardized volume
100 cm® (REJSEK 1999; SAMEC et al. 2005; VAVRICEK
etal. 2005): bulk density (p,), particle density (p ), po-
rosity (p), maximum capillary capacity (©,,..), water
retention capacity (@RC) and minimum soil aeration
(A, =P~ 0,,cc) (VAVRICEK et al. 2005). These basic
physicochemical soil properties were determined:
soil acidity (pH/H,O and pH/KCI) with a combina-
tion glass electrode (soil/HZO or 1M KCI = 1/2.5)
and cation exchange capacity (CEC) by the Kappen
method (KLECKOVSKIJ, PETERBURSKIJ] 1964) and
Mehlich method (ZBirRAL 2002) with consideration
of AI** presence determined by the Sokolov method
(SokoLov 1939).

Available mineral nutrients (Ca?", Mg2+, K*)
were determined from Mehlich II extract (MEH-
LICH 1978) by the method of atomic absorption
spectrophotometry. The content of phosphorus
was determined by the spectrophotometry in a
solution of ascorbic acid, H,SO, and Sb%*, Humus
substances (UGOLINI, SPALTENSTEIN 1992) were
determined spectrophotometrically from absorb-
ances of humus substances in pyrophosphate. Us-
ing this method carbon was quantified from humic
acids (C-HA) and from fulvic acids (C-FA) and the
C-HA/FA ratio was calculated. The content of
oxidizable organic carbon (C_ ) was determined by
oxidation of H,Cr,O, + H,50, when unconsumed
chrome acid was determined by titration of Mohr
salt solution. Total nitrogen (N,) was determined by
Kjeldahl method (ZBfRAL et al. 1997). Mineralized
non-sorbed nitrogen (NH; and NO;) from the soil
solution was determined by desorption in 10% NaCl
and by spectrophotometry (CSN ISO 7150-1; CSN
ISO 7890-3). The amount of a compound sorbed
on the area of an ion exchanger installed at a depth
of 15 cm on FP under selected seedlings from June
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Table 1. List of genetic components of windrow basic material (according to VAVRICEK et al. 2005)

Working-plan area

Genetic _
component 185A 2 — Spicak 418B 2 — Nadrazi 403E 2 — Suchdol
fraction %) (m?) (%) (m?) (%) (m?)
H 5 375 - - - -
A/H 36 2,705 19 932 31 1,781
H/A 33 2,495 29 1,414 14 807
A 4 300 - - - -
A/B 12 982 6 273 1 47
B 6 450 225 - -
H+A+B 4 300 9 450 12 950
B/A - - 32 1,526 32 2,114
to October was obtained in this way. As a result RESULTS

ammonia nitrogen (N-NH,) and nitrate nitrogen
(N-NO,) were computed separately. Differences in
the values of determined soil properties between
individual sites and FPs were statistically evaluated
by global linear models (ZAR 1994) and non-para-
metric Kruskal-Wallis (K-W) and Wilcoxon (W) test
at P < 0.05 and P < 0.01.

Statistically significant differences were proved in
the whole set of monitored properties when different
techniques of FP mechanized preparation and differ-
ent localization of sites were considered. Py CEC,
Cox, Nt, NH; and Ca** were generally found to be in-
fluenced only by different site conditions. Especially

Table 2. Soil analysis (¥ + p) of selected research plots on Spi¢ak site (185A 2). FP — field plot, R — windrow, CP — control plot

Soil property FP preparation R cp
Quantity unit bulldozer digger cultivator

Py gfem?® 0.56 + 0.18 0.55 + 0.04 0.78 + 0.14 048 +0.11 1.03 £0.16
Py 1.22 £ 041 1.36 £ 0.28 1.54 £ 0.29 1.30 £ 0.30 220+0.21
p 52.93 £ 6.07 57.68 £ 8.32 48.79 £ 6.13 62.79 £ 4.67 53.24 + 5.06
ON o 60.45 + 5.65 50.73 +£7.36 56.70 + 3.99 43.11 £7.82 51.58 + 6.09
Orc 57.98 + 6.36 48.00 + 7.33 56.20 + 3.80 39.52 £ 6.42 49.87 £ 6.18
A 248 +1.26 9.82 +9091 0.99 +0.51 19.68 + 7.83 331+274
pH/H,0O log c(H") 3.92+0.14 3.60 = 0.06 4.19 £0.12 347 +0.16 5.09 + 0.66
pH/KCl 3.16 + 0.08 2.99 + 0.07 340 +0.18 2.90 + 0.04 4.14 + 0.62

mmol/kg 449.50 + 17.68 461.00 + 11.31 403.00 + 19.80 - -

CECKappen 496.00 + 19.80 518.50 + 41.72 433.00 £ 76.37 361.00 231.50 + 34.65
p 4.00 £ 0.00 550 +2.12 4.50 £ 0.71 3.00 250 +£2.12
Mg 137.50 £ 21.92 94.50 + 19.09 272.00 + 82.02 68.00 75.50 + 14.85
Ca mg/kg 712.00 + 353.55 447.50 + 34.65 655.00 + 256.90 413.00 270.00 * 45.25
K 65.50 £ 2.12 60.00 + 11.31 75.00 £ 5.66 70.00 56.00 + 8.49
C. 18.77 + 8.28 15.61 + 3.30 13.22 £ 6.00 16.13 + 5.36 6.07 £ 1.76
C-HA o 347 +0.11 4.69 + 0.05 3.35+0.00 3.33 0.74
C-FA 1.38 £ 0.08 1.36 £ 0.00 1.53 £0.08 1.27 0.28

N, 0.76 + 0.34 0.56 + 0.14 0.40 + 0.05 0.65 +0.23 0.23 £ 0.09
N-NH; ) 1.44 £ 0.30 1.90 £ 0.87 0.88 + 0.67 - -

“  mg/100 cm

N-NO, 0.12 + 0.09 0.07 + 0.05 0.03 + 0.03 - -
C-HA/FA 1 2.52+0.23 3.46 + 0.05 220 +0.12 2.62 2.64
C/N 28.32 £ 4.05 25.19 £ 3.77 3243 £9.46 24.67 26.56 £ 0.18
J.FOR. SCI., 52,2006 (1): 1-12



Table 3. Soil analysis (¥ * p) of selected research plots on Nédrazi site (418B 2). FP — field plot, R — windrow, CP — control

plot
Soil property FP preparation CP R cp
Quantity unit bulldozer digger cultivator
Pq gfem? 0.77 £ 0.19 0.85+0.16 0.92 £0.21 0.72 £ 0.16 1.17 £ 0.18
Py 1.73 + 0.39 1.86 £ 0.33 1.90 + 0.33 1.81 £0.38 2.45 £ 0.18
P 55.55 + 8.99 53.99 + 5.48 51.55 + 5.35 59.74 + 8.13 52.44 + 5.26
QMCC o 52.16 + 8.21 41.07 £ 4.10 53.43 + 7.24 38.85+6.21 46.83 £ 5.83
@RC 47.93 £9.05 36.44 + 3.79 50.18 + 6.95 31.76 £ 5.09 42.12 £7.00
A 8.12 £7.43 12.92 £ 5.82 2.70 £ 1.80 21.66 + 11.44 5.61 £ 4.34
pH/H,0O log c(H") 4.00 = 0.01 3.83 £0.03 4.18 + 0.01 3.93+£0.13 4.43 £ 0.19
pH/KCl 3.29 £0.23 3.42 £+ 0.06 3.44 £ 0.01 3.32+0.29 3.85+0.21
324.00 £ 16.97 346.00 £ 29.70 313.00 £ 11.31 - 340.00
mmol/kg
CECKHPPen 275.00 £ 12.73 294.00 * 35.35 240.00 * 8.49 286.50 + 102.53 147.67 + 23.76
P 5.50 £0.71 6.50 £ 0.71 4.50 £ 0.71 5.00 £ 1.41 4.00 +1.73
Mg 59.00 + 22.63 49.00 + 18.39 44.00 £ 14.14 52.00 + 39.60 40.00 £ 9.00
Ca mg/ke 276.00 = 65.05 223.00 + 74.95 257.00 £ 120.21 219.50 + 150.61 191.67 + 69.12
K 63.00 £ 1.41 62.50 £ 10.61 68.50 + 6.36 54.50 + 0.71 59.33 +5.13
C,. 9.32 + 3.64 8.66 t 3.36 8.26 + 4.32 10.07 + 4.57 3.10+1.17
C-HA % 1.81 £ 0.08 1.32 £ 0.06 1.49 + 0.25 3.07 0.42 = 0.06
C-FA 0.80 = 0.01 0.82 £ 0.10 0.83 £0.01 1.08 0.37 £ 0.24
N, 0.35+0.17 0.30 £ 0.11 0.34 £0.21 0.39 + 0.16 0.13 + 0.04
N-NH; ) - - - - -
mg/100 cm
N-NO; - - - - -
C-HA/FA 2.27 £0.01 1.62 £ 0.13 1.64 +0.11 2.84 1.35+0.71
C/N 27.12 £ 6.98 29.10 + 4.61 24.58 + 4.21 25.06 + 4.94 23.25 +5.77
p, A_. and phosphorus content were determined be the result of differentiated impacts of windrow

mi

as soil properties strictly influenced by mechanized
windrow cultivation. Statistically significant differ-

ences were computed for the values pH, p,, ©

RC’

O,,cc and C-HA, C-FA and Mg?* content that could
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Fig. 1. Linear regression of C__and N,

cultivation by different means of mechanization on
the different sites (Tables 5-7). Regardless of the
current anthropogenic interventions available K*
content, NO, flux and usually also C/N ratio from
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Fig. 2. Linear regression of p,and C__

Néadrazi: y = —13.872x + 20.299 (r = 0.78)
Suchdol: y = -12.68x + 19.755 (r =0.77)
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Fig. 3. Linear regression of p, and N,

the topsoil horizons were determined as stable (not
influenced by mechanization). Windrow cultivation
was reflected positively in the optimization of avail-
able Ca®* and Mg?* supply.

The detection of statistical differences was found
to depend on sufficiently specified conditions of

0.0 0.5 1.0 1.5 2.0 2.5
p, (g/cm’)
— Spiéék:y =-12.617x + 32.825 (r = 0.88)

Nadrazi: y = —9.7005x + 26.857 (r = 0.93)
----- Suchdol: y = —-8.4887x + 25.011 (r = 0.88)

Fig. 4. Linear regression of p_and C_

this significance. These conditions are given by the
fact that on individual sites different impacts of the
mechanized windrow cultivation were recorded for
some soil quantities. Especially FPs on the site 185A 2
differed in these effects in relation to other sites (Ta-
ble 2). Statistically significant changes in the flux of

Table 4. Soil analysis (X + p) of selected research plots on Suchdol site (403E 2). FP — field plot, R — windrow, CP — control

plot

Soil property FP preparation

Quantity unit bulldozer digger cultivator : cr

Py yem 0.96 + 0.12 0.80 + 0.33 0.99 +0.12 0.72+0.22 118 £ 0.09
P, 2.10+0.29 1.80 £ 0.52 193 +0.24 175 +0.48 243 +0.26
p 5401268  5693+9.16 4838558 5874537 52.44 £ 3.67
Ovce 48.35 + 4.44 4284+7.80  49.19 % 4.97 33.95 + 13.59 47.02 + 974
Opc 44.63 + 4.62 39.28+7.20 4401 +5.41 29.14 + 9.98 43.05 + 6.98
A 7.04+ 4.32 147541564 402324 42479 +1391 5.61 +3.96
PHHO | 411£011 4.10+0.22 4.09 + 0.03 4.15+0.03 415+ 0.14
pH/KCI 3.46 + 0.04 3.56 +0.33 351 +0.11 3.48 +0.18 3.97 +0.08
CECMhlhmmol/kg """""" 36450 +7.78 32200+ 96.17 34950 +4172 199.00 337.00
CECipon 29800+2.83  251.50+ 10112 29600 +26.87  306.50 + 53.03 163.00 + 19.80
P 3.50 +0.71 7.00 +0.00 6.50 + 0.71 2.00 + 0.00 350 +0.71
Mg 5500+ 15.56 410042687 56002404 3550212 65.50 + 4.95
Ca me/le 27600+ 6505  223.00+7495  257.00+12021 10550 + 2.12 292.00 + 141
K 64.00 + 7.07 53.50 + 2.12 6150+19.09 5250+ 10.61 71.00 + 2.83
c. 8.39 +3.30 9.29 +5.07 9724252 9.96+248 3.85 + 1.46
CHA 2,52+ 0.08 0.95 + 0.03 136 + 0.08 1.49 0.44
C-FA 101 0.13 0.78 + 0.06 101 +0.06 0.92 0.34

N, 0.28 +0.11 0.35+0.18 0.32 + 0.07 0.39 +0.14 0.17 + 0.04
N-NH]  mg/100 239+ 1.17 2.97 +2.64 3.21+295 - -
N-NO, ™ 0.07 +0.05 0.15+0.16 0.15+0.12 - -
C-HA/EA 2514023 122 +0.05 211£070 1.62 129
C/N BLI1+1191  26.23+273 30.76 + 4.96 24.83 + 4.47 22,91 +3.92
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Table 5. Two-way ANOVA results showing statistical differences (at P < 0.05) in soil physical properties of windrows according
to the used type of site preparation and according to the placement

Quantity Variable SS MS F
locality 1.17 0.59 16.07
Py preparation type 0.40 0.20 5.53
interactions 0.19 0.05 1.27
locality 491 2.45 19.67
Py preparation type 0.23 0.11 0.92
interactions 0.79 0.20 1.58
locality 1,246.72 623.36 16.31
ONw. preparation type 1,304.36 652.18 17.07
interactions 174.21 43.55 1.14
locality 1,981.39 990.70 25.09
Orc preparation type 1,429.38 714.69 18.10
interactions 210.85 52.71 1.33
locality 5.89 2.95 0.07
p preparation type 622.46 311.23 6.91
interactions 147.15 36.79 0.82
locality 270.68 135.34 2.61
A preparation type 1,379.44 689.72 13.32
interactions 44.44. 11.11 0.21

soil NHZ mineralization were determined in depend-
ence on the means of mechanization used for the
site preparation. The intensity of NH, " flux in soil on
this site was significantly lower (Tables 2—4 and 7).
The values of soil phosphorus in FPs of the site
185A 2 were evaluated as coincident at the limit of
acceptance of statistically significant differences. The
possibility of influencing the C/N ratio after the cul-
tivation of windrows was found minimal at the limit
of acceptance of statistically significant differences.
The values ofps, C-HA, C-FA and pH from original
solid W corresponded with the values of the specific
gravity from all FPs. Compared to CP all FPs on the
site 185A 2 differed in parameters p , p_and N.. On
FPs an increase in CEC values and in concentrations
of available mineral nutrients was registered.

Correspondingly on the site 418B 2 the mecha-
nized windrow cultivation by different machines was
not reflected in the changes of p , p, C__or N, com-
pared to the left referential windrow (Table 3). The
content of C-HA and C-FA was determined as nor-
malized only insignificantly. On the contrary, these
quantities were determined as significantly different
from their values on the local CP. Specifically on the
local cultivated windrows evident normalization of
pH, p, @RC and @MCC values was recorded.

On the site 403E 2, compared to the original win-
drow, the most marked changes in the soil proper-
ties after cultivation were detected for CEC, mineral

nutrient content, Py @MCC, @RC, p and Amin‘ On the
individual FPs the valuesof p, A . , ©® and mostly
min’ ~ MCC
also the C/N ratio were modified by windrow culti-
vation to the state that corresponded with CP. The
individual types of preparation did not influence the
values of p;, p, C _and N, on FPs. Sporadic unfa-
N 0X t
vourable impacts of mechanical preparation on the
C/N ratio were recorded there (Table 4).
Highly significant correlations between the se-
lected soil properties were computed for all sites.
Regression relations are represented on the basis
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1.0 -
0.8 -
0.6 4
0.4 -
0.2 -
0.0

N (%)

1.5

p, (glem?)
e 3picak: y = —0.4867x + 1.2571 (r = 0.84)
Néadrazi: y = —0.3545x + 0.9892 (r = 0.88)
""" Suchdol: y = -0.3136x + 0.922 (r = 0.93)

Fig. 5. Linear regression of p_and N,
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Table 6. Two-way ANOVA results showing statistical differences (at P < 0.05) in chemical soil properties of windrows according
to the used type of site preparation and according to the placement

Quantity  Variable SS MS F
locality 3.44 1.72 2.07
P preparation type 12.11 6.06 7.27
interactions 8.56 2.14 2.57
locality 55,068.44 27,534.22 24.38
Mg preparation type 12,036.78 6,018.39 5.33
interactions 22,774.89 5,693.72 5.04
locality 644,043.00 322,021.50 12.51
Ca preparation type 60,872.33 30,436.17 1.18
interactions 81,189.67 20,297.42 0.79
locality 162.11 81.06 0.99
K preparation type 282.11 141.06 1.72
interactions 112.89 28.22 0.34
locality 865.27 432.64 20.96
C preparation type 41.97 20.98 1.02
interactions 110.76 27.69 1.34
locality 1.12 0.56 18.56
N, preparation type 0.17 0.08 2.79
interactions 0.44 0.11 3.65
locality 84.34 42.17 0.99
C/N preparation type 35.83 17.92 0.42
interactions 427.82 106.96 2.52
locality 18.04 9.02 2,100.10
C-HA preparation type 0.23 0.12 27.33
interactions 5.72 1.43 332.95
locality 1.24 0.62 119.71
C-FA preparation type 0.05 0.03 5.18
interactions 0.05 0.01 2.41
locality 2.45 1.23 68.53
C-HA/FA preparation type 0.40 0.20 11.06
interactions 4.23 1.06 59.18
locality 18.93 18.93 6.32
N—N]‘IjL preparation type 1.76 0.88 0.29
interactions 3.51 1.75 0.59
locality 0.02 0.02 2.34
N-NO,  preparation type 0.00 0.00 0.11
interactions 0.05 0.02 2.59

of comparison of C__and N, (Fig. 1) and they were
also determined on the basis of comparison of the
relation of p, or p_with these parameters (Figs. 2-5).
Only for data from the site 185A 2 influenced by vari-
ance load correlations for the values of ©,, . and C__
(r=0.29) or N, (r = 0.29) were found at P < 0.05. For
these data the regression correlation between N, and
C/N (r = 0.32) was found at P < 0.01. However for
data from sites 418B 2 and 403E 2 regression correla-

J. FOR. SCL, 52, 2006 (1): 1-12

tions between the C/Nratio and C__were identically
determined at P < 0.05-0.001 (r = 0.31-0.35).

DISCUSSION

The effects of the soil mechanized preparation
before reforestations were different according to the
concrete ecological factors of the sites. The analysis
of the set of mechanically cultivated FPs on three



Table 7. Two-way ANOVA results showing statistical differences (at P < 0.05) in pH and CEC of windrows according to the

used type of site preparation and according to the placement

Quantity Variable SS MS F
locality 0.11 0.06 4.33
pH/H,0O preparation type 0.29 0.14 10.95
interactions 0.18 0.04 3.36
locality 0.33 0.16 6.84
pH/KCl preparation type 0.07 0.04 1.55
interactions 0.13 0.03 1.33
locality 42,010.11 21,005.06 14.34
CEC,, ehiich preparation type 2,082.11 1,041.06 0.71
interactions 4,677.89 1,169.47 0.80
locality 171,426.33 85,713.17 37.81
CECKaPPen preparation type 4,233.33 2,116.67 0.93
interactions 9,389.33 2,347.33 1.04

sites in the Krusné hory Mts. and comparison of the
results of this preparation technology with original
Ws and CPs showed that those soil properties re-
mained permanently influenced, the values of which
continued to correspond with Ws also after culti-
vation. These properties were usually significantly
different compared to their values on CPs. The soil
properties that differentiated on FPs in relation to Ws
and at the same time did not significantly differ from
the values on CPs could be considered as normalized
after the cultivation of windrows. The cultivation of
windrows led to the increase in CEC in the topsoil
horizons. The soil acidity increase was recorded as
well as the increase in Ca?*and Mg?* concentrations.
Mechanization significantly influenced p,. Humus
substance contents were also changed according to
the changes on individual FPs. The changes in the
flux of mineralized N—NH; were determined in de-
pendence on the value of C-HA/FA ratio and CEC.
Generally low values of non-sorbed N-NHjL indicated
that its significant portion was bound either in the
soil microbial biomass (STAMSEVICH 1972) or in the
soil sorption complex (VAVRICEK et al. 2005). The
recorded high values of non-sorbed mineral N—NH;
could potentially mean that it was released simply
into runoff waters and atmosphere. Unfavourable
values of ©,, ., porosity and A . could appear as
limiting factors for reforestation on cultivated win-
drows.

The basic prerequisite for successful forest regen-
eration is still sufficient minimization of air pollution
deposition in Central European mountain regions.
The principles of complex revitalization of anthro-
pogenically degraded forest sites were examined in
the form of chemical and biological amelioration
(KUuBELKA 1992; PODRAZSKY et al. 2001, 2003;

PoDpRAZSKY, ULBRICHOVA 2005). The effects of
chemical amelioration in the degraded territories of
the Krusné hory Mts. proved a positive reaction in
increased soil pH-value, base cation content and also
base saturation. The biological amelioration proved
as efficient in the case of cultivated substitute tree
stands; they were able to provide ecological cover
and contributed to humification stimulation (UL-
BRICHOVA et al. 2004b).

Especially providing for the genesis of soil surface
humus is the basic presumption for ecological stabil-
ity of forest stands on degraded sites (PODRAZSKY
et al. 2003; ULBRICHOVA et al. 2004a). In the case
of scarification, the absence of genetically fully de-
veloped surface humus layers could be a potential
cause for the non-optimal state of some topsoil
properties. In the case of CPs potential influences
of previous scarification were still reflected in the
lower values of concentrations of available nutrients,
N, and C-HA.

The windrows of mixed organic and mineral mate-
rial were monitored as an alternative potential source
of deficient soil components. The fermentation proc-
esses stimulated the release of mineral nutrients in
the decomposition processes and influenced nitrogen
mobilization and C/N ratio stabilization (VAVRICEK
2003). The cultivation of windrows led to an increase
in the C/N ratio up to critical values (cf. WiTTICH
1953). At the same time the material from windrows
after cultivation provided the substrate with optimal
amount of mineral nutrients and CEC. The soil scari-
fication in connection with the devastation of surface
humus layer and often also with dolomitic limestone
application led to progressive degradation of forest
types to the level of less fertile trophic units (cf. SAcH
1992; VAVRICEK, SIMKOVA 2004).
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Nevertheless, the success of forest stand establish-
ment on anthropogenic substrates depends not only
on the intensity of human impacts during ameliora-
tions but also on the configuration of climatic fac-
tors and meteorological conditions in the growing
season (CUNNINGHAM, WITTWER 1984; MAUER,
PALATOVA 2000). Weather conditions, temperature
and precipitation fluctuations are displayed as pri-
mary stresses. In extreme cases of synergic influence
the series of primary, secondary (water deficiency
in the plant in consequence of damage to conduct-
ing pathways of the stem) and tertiary stresses (i.e.
fungal pathogens) is responsible for the decline of
young plantations and young stands (MARTINKOVA
et al. 2000). The important symptoms of substitute
stand decline are defoliation, fungal infections, loss
of fine roots and the change of ectomycorrhiza into
endoectomycorrhiza (MAUER, PALATOVA 2003).
Besides a decrease in the air pollution load the pre-
condition for reducing the limiting factors and stress
factors influencing forest stands cultivated on clear
cuts induced by air pollution and on degraded sites
is to grow forest tree species in substrates enabling
the development of sufficient root systems.
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Pudni aspekty revitalizace lesnich stanovist po rozpracovani vala tézkou
mechanizaci na nahorni plosiné Krusnych hor

D. VAVRICEK, P. SIMKOVA, P. SAMEC, P. FORMANEK

Lesnickd a drevarskd fakulta, Mendelova zemédélskd a lesnickd univerzita v Brné, Brno, Ceskd republika

ABSTRAKT: Odraz pudnich vlastnosti ve zdravotnim stavu lesnich porostd souvisi se synergickym piisobenim

stresort, které existenci lesa ovliviiuji. V imisni{ oblasti Krusnych hor vznikly ekotopy imisnich holin, na nichz byly

aplikovany metody celoplo$né mechanizované pripravy stanovisté a vznikly uniformni reliéfy vala. Byla ovérovana
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hypotéza, zda zemina vali mize byt pfimo vyuzita pfi rozpracovani pro vznik substratu vhodného pro rast lesnich
drevin. Efekty mechanizované pripravy pady pred zalesnénim jsou rizné v zdvislosti na konkrétnich stanovistnich
ekologickych faktorech. Vliv jednotlivych mechaniza¢nich prostredkt na konkrétni piidni vlastnosti byl zjistén jako
lokélné diferencovany. Rozpracovdnim vali doslo k ndrustu kationtové vyménné kapacity (KVK) predevs$im diky
zvy$eni obsahu Ca®* a Mg?*. Lokalné doslo ke stabilizaci obsahu N-NHZ. Optimalizace fyzikalnich vlastnosti souvisela
se stavem C_ . Mechanizované rozpracovani valit nedokdzalo optimalizovat C/N ani maximalni kapildrni kapacitu
(MKK) nebo pérovitost (p). Mechanizované rozpracovani vala se za podminek snizené imisni zatéze obecné jevi
jako vyuzitelna technologie revitalizace degradovanych stanovist, protoze pro rust lesnich dfevin poskytuje troficky
optimalnéjs$i podminky nez valy nebo skarifikované plochy.

Klic¢ova slova: Krusné hory; svrchni padni horizonty; pfiprava stanovisté; objemova hmotnost; humus

Trofické faktory lesnich ptid vykazuji prostorovou
i casovou diferenciaci. Jejich odraz ve zdravotnim
stavu lesnich porostl souvisi se synergickym puso-
benim stresort, které existenci lesa ovliviuji. Nej-
vyznamnéjsi zmény ve vyzivé lesnich drevin byly
zaznamendny predevsim v regionech silné zasaze-
nych imisni depozici (PURDON et al. 2004). Krusné
hory (338-1 244 m n. m., +5,5 az +2,7 °C, 900 az
1 200 mm) (CULEK 1996) predstavuji region, kde
v letech 1970-1977 v disledku imisnich $kod do-
$lo k rychlému snizeni lesnatosti o 23,9 %. Posledni
rozsahlé primé poskozeni lesnich porosti SO, bylo
v Krusnych horach pozorovano v roce 1996 na plose
vice nez 10 000 ha (BRIDGES et al. 2002). Tato situa-
ce byla ovlivnéna i nepfiznivymi meteorologickymi
vlivy, za kterych dochézelo k dlouhodobé kumulaci
znecisténi v hfebenové ¢asti hor. Jako posledni ob-
dobi vyrazného celorepublikového poskozeni lesit
lze vymezit roky 1991-1994 provazené suchou kli-
matickou epizodou.

Odumiréni lesa bylo ndsledovdno snahami o jeho
rekonstrukci. Nahorni plosina Krusnych hor posky-
tovala idealni podminky pro aplikaci mechanizova-
né pripravy lesnich stanovist. Pfi pouzivani bagri
a buldozert pti pripravé stanovist pro obnovu lesa
byla ptida skarifikovdna, byly obnazeny imisemi re-
lativné nezasazené pudni horizonty a byly vytvoreny
uniformni reliéfy vald. Prostfedi vali umoziovalo
i opakovany rychly postup zalesnéni a aplikaci che-
mické meliorace (PODRAZSKY et al. 2001). Smésny
materidl vali (tab. 1) se na téchto stanovistich stal
dtlezitym zdrojem pristupnych minerdlnich zivin,
N, a prostfedim s optimdlni hodnotou C/N (VAVRi-
CEK 2003).

Na tuzemi Lesni spravy Klastérec nad Ohfti byly
vybrény tfi lokality [revir Spi¢ék (185A 2); Nadrazi
(418B 2) a Suchdol (403E 2)], kde byly po predeslém
rozpracovani vali vymezeny jednotlivé pracovni
plochy (PP). Pro vymezeni elementarni PP vzdy byl
dtlezity konkrétni technicky postup rozpracovani
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predeslého valu tézkou mechanizaci (VAVRICEK et
al. 2005). V prabéhu vegetacniho obdobi 2004 zde
byl sledovin stav pudnich fyzikdlnich vlastnosti,
sorp¢niho komplexu, pristupnych minerdlnich zi-
vin humusovych latek na plochach po rozpracovani
predeslych vali bagrem, buldozerem nebo frézova-
nim. Stav vlastnosti takto pripravenych ploch byl
srovnan s ponechanymi valy i skarifikovanymi kon-
trolnimi plochami (KP).

Efekty mechanizované pripravy ptdy pred zales-
nénim jsou rtzné v zavislosti na konkrétnich sta-
novistnich ekologickych faktorech. V celé mnoziné
sledovanych pudnich vlastnosti byly prokazany sta-
tisticky vyznamné rozdily pfi zohlednéni aspektu
rizné techniky mechanizované pripravy FPs i v as-
pektech rtzné lokalizace ploch. Jako ovlivnitelné
pouze v zavislosti na riznych stanovi$tnich pomé-
rech byly obecné zjistény mérna hmotnost, kation-
tovd vyménnd kapacita (KVK), C_, N,, NH, a Ca*".
Jako ptdni veli¢iny striktné ovlivnéné mechanizo-
vanym rozpracovanim vall byly zjistény predevsim
pérovitost (p), minimélni vzdu$na kapacita (A . )
a obsah fosforu. Byly zjistény statisticky vyznamné
rozdily pro hodnoty pH, objemové hmotnosti, re-
ten¢ni vodni kapacity (RVK), maximalni kapilarni
kapacity (MKK) a obsahu humusovych latek a Mg?",
které mohou byt vysledkem diferencovanych do-
padt rozpracovani vali rdznymi mechaniza¢nimi
prostfedky na raznych lokalitich (tab. 5-7).

Rozpracovanim valtt doslo v ramci svrchnich ptad-
nich horizonti k nartstu KVK. Byl zjistén rtist ptdni
reakce i rist koncentraci Ca?* a Mg?*. Mechanizace
se vyrazné projevila ve vlivu na mérnou hmotnost.
V souvislosti s jejimi zménami byly na jednotlivych
PP zménény i obsahy humusovych latek. V zavis-
losti na jejich hodnoté a na stavu KVK byly zjistény
i zmény v toku mineralizovaného N—NH;. Obecné
nizké hodnoty nesorbovaného N—NH; znamenaji,
7e jeho vyznamnd ¢ést je naopak vdzdna bud v puad-
ni mikrobidlni biomase (STAMSEVICH 1972), nebo
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v padnim sorp¢nim komplexu (VAVRICEK et al. nebo atmosféry. Jako limitni faktory pro zalesnéni
2005). Zaznamenané vysoké hodnoty nesorbované-  rozpracovanych vali se mohou jevit nepriznivé
ho mineralniho N-NHZ mohou potencidlné zname-  hodnoty MKK,pa 4 __ .

nat jeho snadnou uvolnitelnost do odtokovych vod
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