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Soil conditions of black walnut (Juglans nigra L.) stands in the
alluvium of the Svratka and Jihlava rivers
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ABSTRACT: Physical, chemical and microbiological properties of soils were studied in black walnut (Juglans nigra L.) stands and
compared with those in stands of natural species composition, in mixed stands of black walnut with linden and in pure oak stands.
The objectives were to consider a possibility of black walnut planting at floodplain sites in the alluvial area of Southern Moravia.
The first results did not show any worsening of soil properties and soil production potential. A positive amelioration effect of soil-

improving species was proved in black walnut stands.
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Black walnut (Juglans nigra L.) is an introduced
North-American tree species that has been cultivated in
Europe for more than 300 years. The relatively extensive
original range of black walnut covers Eastern and Cen-
tral parts of North America. Forest management of black
walnut can be traced first in Ruhrland, Germany and in
the area around Strasbourg, France. Within the territory
of the Slovak Republic, black walnut stands were culti-
vated in warmer areas of Southern and Western Slovakia,
predominantly in lowlands and along the Vah, Hron and
Nitra rivers. The largest areas of man-made black walnut
plantations are encountered in the lower reaches of the
Hron river, about 43 ha in the vicinity of Zeliezovce
(MAJOVSKY, KREJCA 1965).

In the Czech Republic, black walnut is cultivated only
in Southern Moravia, in Zidlochovice management-plan
area, Straznice management-plan area and in Znojmo
forest district. In these areas black walnut replaced the
original Ulmeto-Fraxineta communities. The tradition of
black walnut cultivation in South Moravian forests boasts
200-years-old history. The stands are either cultivated as
monocultures or as mixed stands with the understorey
of small-leaved linden (7ilia cordata L.). According to
the Forest Management Plan data the total area of black
walnut stands in Zidlochovice Forest Enterprise takes up
258 ha of timber land (reduced area). Almost three fifths

(154 ha) of the total area of black walnut stands are en-
countered on the alluvia of the Svratka and Jihlava rivers.
The peak of black walnut cultivation can be traced back
to the 1940s and 1950s. The total area of black walnut
stands managed by the Forests of the Czech Republic,
State Enterprise, in the territory of the Czech Republic
takes up 526 ha of reduced area.

More than 80% of black walnut stands were planted at
sites that can be classified as 1L forest type — elm flood-
plain forest (HRIB 2001). Within this group of forest
types we can encounter the following forest types most
frequently: Ulmeto-Fraxineta carpinea on drift brown soil
(1L2), on light-textured drift soil (1L4), on heavy-textured
drift soil (1L1), even on heavy-textured gley soil (1L9).
Almost one half (47.1%) of the present stand area falls
into the category of special purpose forests — pheasantries.
The majority of stands were sown and agroforestry was
implemented simultaneously. Taking into account the gen-
erally low proportion of black walnut stands in the forests
in the Czech Republic and considering the possibility of
alternative use of black walnut in place of imported exotic
species, we expect the extension of its stands in localities
with favourable site conditions.

The aim of this project was to evaluate soil conditions
in black walnut stands. We also tried to answer a question
whether the long-term cultivation of black walnut at sites

This paper was supported by the Grant Agency of the Czech Republic, Project No. 526/99/D004 Production and Ecological Stabi-
lity of Black Walnut (Juglans nigra L.) Stands in the Natural Forest Area “Jihomoravské uvaly” in Southern Moravia, and by the
Ministry of Education, Youth and Sports, Project No. MSM 434100005.
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Table 1. Characteristics of test sites for soil sampling (sampling on July 21, 2001)

Percentage Diameter Stock Stand
. Bore- . Tree at breast . Forest
Site Group Alluvium  Stand . Age of tree . 1 ha density —
hole species species (%) height (cm)/ (m*ob) stockin type
P ’ height (m) e &
DB 75 56/29 257 7 1L2
1 1 +  Svratka 126F 11 IS 104 20 49/30 55
TP 5 60/31 17
ORC 95 32/26 346 10 1L2
2 +  Svratka 126F6 53
LP 5 23/22 14
3 —  Svratka 126F6 ORC 53 100 32/26 346 10 1L2
4 2 +  Svratka 125B6b  ORC 55 100 30/27 381 10 1L2
ORC 95 30/27 362 10 1L2
5 + Svratka 125 B 6¢ 55
LP 5 20/20 12
6 —  Svratka 125B 6a DB 55 100 29/25 339 10 1L2
. DB 98 53/32 486 9 1L4
7 3 + Jihlava 224 C 10 100
IS 2 56/32 8
+ Jihlava 224D 10 ORC 100 100 49/31 516 10 1L2
9 4 + Jihlava 224 F 3b DB 26 100 13/15 102 10 1L4
10 + Jihlava  224C2 ORC 20 100 11/13 104 10 1L2

Note: DB — oak; JS — ash; TP — poplar; ORC — black walnut; LP — linden

belonging to the group of 1L forest type does not result
in the deterioration of soil quality and whether it does not
cause the deterioration of soil production potentials.

MATERIAL AND METHODS
SITE CHARACTERISTICS

Forest stands that were chosen for comparative tests belong
to Zidlochovice Forest Enterprise. They are situated on the
alluvia surrounding the confluence of the Svratka and Jihlava
rivers. The matrix in these localities consists of alluvial sedi-
ments that provided the base for Fluvisol formation.

With the objective of carrying out our tests, we deter-
mined 10 sites differing in age (young, middle-age and ma-
ture stands) and in species composition (pure black walnut
stands, mixed stands of black walnut and linden, peduncu-
late oak monocultures, to provide a double check, we in-
cluded stands of natural species composition with dominant
oak and ash). Table 1 gives a full list of test sites.

Sites 1-6

Zidlochovice Forest District, Forest Range: Uher&icky
les pheasantry
The Svratka river alluvium
altitude: 175—-180 (200) m above sea level
area percentage of the main tree species cultivated in
the forest district: oak 33%, ash 11%, black walnut
10%, poplar 10%
main commercial, most frequently represented species:
oak, ash, black walnut, poplar
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dominant group of forest types in the forest range: 1L
(about 5% of 1G)

mean annual air temperature: 8.4°C

mean temperature in the vegetation period (April-Sep-
tember): 14.8°C

mean annual precipitation: 551 mm

mean precipitation in the vegetation period (April-Sep-
tember): 350 mm.

Sites 7-10

Velky Dvir Forest District, Dlouhd le¢ Forest Range
The Jihlava river alluvium

altitude: 169—177 (198 m) m above sea level

area percentage of the main tree species cultivated in
the forest district: oak 25%, poplar 19%, robinia 17%,
ash 12%, black walnut 5%

main commercial, most frequently represented species:
oak, ash, black walnut, poplar

dominant group of forest types in the forest range: 1L
(about 4% of 1G)

mean annual air temperature: 9°C

mean temperature in the vegetation period (April-Sep-
tember): 15.6°C

mean annual precipitation: 499 mm

mean precipitation in the vegetation period (April-Sep-
tember): 319 mm.

SAMPLING

At two sites in each group, soil pits were dug out, their
description was carried out and physical samples were
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Table 2. Extent of analyses and numbers of samples

Parameters

Number of individually analysed samples

Digging and description of boreholes

Soil texture characteristics

Physical properties (undisturbed samples)
pH

Available nutrients (P, K, Mg, Ca, Mehlich III)
Total nutrients

Cnx

C,N

Respiration activity

Nitrification activity

Aerobic bacteria — nutritive agar

Aerobic bacteria — starch agar

Aerobic bacteria — Thornton’s agar
Actinomycetes — starch agar
Actinomycetes — Thornton’s agar

Micromycetes — Jensen’s agar

8

8
16
40
40
40
40
40
10
10
10
10
10
10
10
10

taken from diagnostic horizons. The groups represent
stands of comparable age situated at comparable sites.

For analytic purposes 3—5 composite samples were
taken from each site, each weighing about 2 kg. A com-
posite sample consisted of five individual samplings in
the area of about 100 m?. Individual samples were taken
from the humus horizon (horizon A) in such a way that the
entire thickness of the horizon was represented. At chosen
sites samples for chemical analyses were taken from the
subsurface horizons of the pit.

For microbiological and biochemical analyses a com-
posite sample was taken at each site from 5 different
sampling places. Table 2 gives a list of analysed samples
and the extent of individual analyses.

Disintegrated samples were dried up and screened into
fine earth < 2 mm. Nondisintegrated physical samples
were taken from the Aln and M1 horizons and analysed
immediately upon sampling. Samples for microbiologi-
cal and biochemical analyses were put in plastic bags
and stored in a portable refrigerator and transported into
the laboratory. Analyses of these samples were launched
within 24 hours at the latest.

LABORATORY ANALYSES

Activity of hydrogen ions (pH) was measured in a soil
suspension by a glass ion selective electrode.

Content of available nutrients was determined by Meh-
lich IIT method (ZBIRAL 1995): soil was extracted with
a solution containing ammonium fluoride and ammonium
nitrate, the acidity of the solution was adjusted by acetic
and nitric acid. The extraction solution simulates well
the availability of nutrients in the soil to plants. After
eliminating undesired impacts by adding lanthanum, the
concentration of magnesium and calcium in the extract
was determined by the method of atomic absorption
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spectrophotometry. The concentration of potassium was
determined by flame photometry. The concentration of
phosphorus was determined by spectrophotometry from
molybdenum blue, following a reaction with molybdenum
in an acid medium.

Content of total nutrients (P, K, Ca, Mg and others)
was determined after the soil had been extracted with
boiling aqua regia by the method of optical emission
spectroscopy, by flame atomic absorption spectro-
photometry or by spectrophotometry (in the case of
phosphorus).

Content of carbon and nitrogen was determined by an
automatic analyser LECO CNS-2000. After incinerating
an exact charge of sample in 1,000°C in a blast of oxygen,
the released elementary carbon and nitrogen convert into
CO,,NO, and NO, and can be detected on infrared (CO,)
and heat-conductive (nitrogen oxides) cells.

Cation exchange capacity and exchange acidity

Cations bound in the sorption complex of soil are
displaced during soil extraction with a dilute solution of
barium bichloride. The contents of calcium, magnesium,
potassium, sodium, aluminium, iron and manganese in the
extract were determined by the ICP—AES method or the
AAS method. The resulting cation exchange capacity was
determined by adding the content of potassium, calcium,
magnesium and sodium into the sorption complex of soil.
The quotient of hydrogen ion saturation was determined
by titration of the extract up to pH = 7.8 or from the alu-
minium, iron and manganese content.

Determination of biochemical parameters — basal mi-
crobial respiration

A sample of fresh soil (20 g) was incubated at 25°C
for 48 hours in 300 ml NTS bottle over 20 ml H,O
and consequently for 24 hours over 20 ml of NaOH
(¢ = 0.05 mol/l). The released CO, was determined by
regressive (back) titration of HCI (¢ = 0.1 mol/l) to phe-
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Table 3. Amount of nutrients and nutrient reserve in surface humus (sampling in February 2002)

Site

(kg/ha) 1 2 3 4 6 7 8 9 10
Amount 2,797 2,857 1,472 2,262 3,458 2,947 2,956 2,406 3,473 2211
C 1,278 1,257 684 1,028 1,456 1,423 1,425 1,117 1,618 1,028
N 47.41 41.28 16.42 23.75 41.15 4435 40.06 30.79 52.79 23.10
S 6.489 4.985 1.870 2.556 5.101 5.407 4.922 3.320 6.512 2.675
P 5.398 3.657 1.914 3.235 4.945 4.361 4.080 2.718 5.314 3.493
Ca 69.93 86.28 57.57 90.71 107.55 46.56 41.98 78.90 58.35 73.83
K 10.04 10.48 3.548 6.515 13.83 10.11 9.756 6.158 9.377 4.421
Mg 9.594 11.48 6.714 10.95 15.22 7.161 9.993 12.63 11.29 11.76
Fe 5.583 7.093 0.848 1.846 10.39 2917 4.050 2.495 5.453 1.505
Mn 0.453 0.349 0.069 0.120 0.463 0.881 1.052 0.198 1.542 0.118
Zn 0.178 0.099 0.052 0.085 0.139 0.102 0.092 0.079 0.133 0.084
Cu 0.027 0.028 0.013 0.022 0.037 0.018 0.020 0.018 0.026 0.023

Note: (1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black

walnut, (9) oak, (10) black walnut

nolphthalein after the precipitation of barium carbonate
with 2 ml of BaCl, (¢ = 0.5 mol/l). The result is in mg of
carbon dioxide released from 100 g of soil per day.

Determination of biochemical parameters — nitrifica-
tion test

A quantity of nitrates in the original fresh sample is de-
termined. It helps assess oxidation processes in soil — the
conversion of ammonium in nitrates.

Determination of nitrates was carried out in soil sample
(eluted with 1% solution of aluminium-potassium sulphate)
on an ion selective electrode by employing the method of
direct potentiometry, using a calibration curve. The amount
of nitrates is given in mg N-NO,~ in 100 g of dry matter.

Nitrification activity

A fresh sample (10 g) moistened with 3 ml of water was
incubated at 25°C for two weeks. At the beginning and at
the end of incubation the amount of nitrogen in ammo-
nium and nitrates was determined. The rate of nitrification
is expressed as an increase in nitrate nitrogen in the course
of 8 days. Nitrification activity is expressed in mg NO,
per 100 g of dry matter within one day.

Determination of microbiological parameters

The amount and qualitative composition of soil mi-
croflora was determined by indirect cultivation methods
in nutrient media suitable for the most important physi-
ological groups of the main soil microbe communities,
specifically:

— aerobic bacteria on nutritive agar (NA)

— aerobic bacteria on Thornton’s agar (TA)

— aerobic bacteria on starch agar (SA)

— micromycetes on Jensen’s agar (JA)

— azotobacter on Ashby’s agar (AA)

— actinomycetes on starch and Thornton’s agar (SA,
TA).

The detected counts for monitored groups of soil micro-
organisms were given per 1 mg of sample dry matter.
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Microbiological analyses of soil samples were per-
formed by the Agency of Nature and Landscape Protec-
tion in the CR, Brno Laboratory.

RESULTS AND DISCUSSION

Soils of the monitored area on the alluvia of the Svratka
and Jihlava rivers, which house the largest area of black
walnut stands in the Czech Republic, can be characterised
as typical Fluvisol. Surface humus is in the form of mull.
The total annual leaf fall in black walnut stands was deter-
mined in relation to the age of the respective stands from
1.47 to 2.41 t per ha per year, in mixed black walnut and
linden stands it was 2.86 and 3.46 t per ha per year and in
oak stands from 2.80 to 3.47 t per ha per year (Table 3).
The amount of leaf fall is determined by the age of the
stand rather than by its species composition (Fig. 1). Ac-
cording to KLIMO (1985), in a floodplain forest (Lednice

4
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1 2 3 4 5 6 7 8 9 10
Site

Fig. 1. The amount of leaf fall per year in individual sites
Note: 1 —oak + ash + poplar, 2 — black walnut + linden, 3 —black
walnut, 4 — black walnut, 5 — black walnut + linden, 6 — oak,
7 — oak, 8 — black walnut, 9 — oak, 10 — black walnut
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Table 4. Physical properties of soils at chosen sites (sampling on July 21, 2001)

Analyses Unit Site
2 3 4 5 6 7 8 9 10

Soil texture

<0.01 mm (%) 28.60 18.80 32.50 27.80 3270 38.50 16.80 2540 2830 23.90
0.01-0.05 mm (%) 46.20 35.00 4190 31.60 44.60 4490 1740 21.80 40.40 26.30
0.05-0.1 mm (%) 22.60 23.80 1820 1250 18.10 14.80 990 1450 1930 11.80
0.1-2.0 mm (%) 2.60 22.40 7.40  28.10 4.60 1.80 5590 3830 12.00 38.00
Soil density g/em? 2.57 2.48 - 2.56 2.62 - 2.36 2.58 2.83 2.51
Reduced volume weight g/em® 1.11 1.04 - 0.99 1.08 - 1.10 1.09 1.28 1.30
Porosity %vol. 56.81 58.18 - 6143 5519 — 5336 57.86 54.15 4831
Max. capillary capacity %vol. 41.03 39.35 - 3921 4148 — 37.65 4283 4266 4545
Min. air capacity %vol. 15.78 18.83 - 2222 1371 - 1571 15.03 11.50 2.86
Actual moisture content % vol.  26.84  31.84 - 30.76 35.64 - 3038 3751 3595 4031
Actual air content %vol. 3097 26.33 - 30.67 19.55 - 2298 2036 18.20 8.01
Relative moisture content % vol. 6545  80.98 - 78.08 8594 - 8048 87.57 8421 8796

(1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black walnut,

(9) oak, (10) black walnut

na Morav¢) where oak (Quercus L.) at the age of 85-104
years was a dominant species and linden (7ilia cordata)
at the age of 51-56 years and ash (Fraxinus ssp.) at the
age of 85-88 years were associated species the leaf fall
was 5.65 t per ha/year.

The leaf decomposition is fast, virtually all the leaves
decompose fully within a year. GRUNDA (1985) found
out that 75% of leaf mass in a floodplain forest decom-
pose within a year while the remaining 25% come in the
form of cellulose which decomposes gradually. Leaves
decompose in relation to the given tree species charac-
teristics, climatic conditions and the quantity and qual-
ity of the respective phytoedaphon. Under black walnut
stands (sites 3, 4, 8, 10), provided that all the leavesfully
decompose, the following amount of nutrients gets into
the soil: 16.4-30.8 kg/ha N, 57.6-90.7 kg/ha Ca, 3.5—
6.5kg/hakK, 6.7-12.6 kg/ha Mg and 1.9-3.5 kg/ha P. Un-
der black walnut and linden stands (sites 2, 5) it amounts to
41.3and41.2kg/haN, 86.3 and 107.6 kg/ha Ca, 10.5 and
13.8 kg/ha K, 11.5 and 15.2 kg/ha Mg, 3.6 and 4.9 kg/ha
P. Oak monocultures (sites 6, 7, 9) show the following
data: 40.1-52.8 kg/ha N, 42.0-58.4 kg/ha Ca, 9.4—
10.1 kg/ha K, 7.2—11.3 kg/ha Mg and 4.1-5.3 kg/ha P. In
stands of natural species composition (site 1) the quantity
amounts to 47.4 kg/ha N, 69.9 kg/ha Ca, 10.0 kg/ha K,
9.6 kg/ha Mg and 5.4 kg/ha P (Table 3).

The upper layers of soil to a depth of 10 cm have
predominantly loamy texture, crumb structure and the
remaining physical properties are balanced (Table 4).
The relatively heavy soil at sites 3 and 5 and lighter soils
at site 7 are an exception to the rule. The balanced physi-
cal soil properties are conditioned by soil preparation for
forest regeneration: mostly whole-area soil preparation
(subsoil ploughing) with initial stumping. Central parts of
soil profiles have a predominantly loamy texture as well,
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but they are more compacted and their structure is rather
polyhedral or prismatic. Lower parts of soil profiles have
a predominantly clay-loam texture and show gleying. In
several cases (sites 1, 2) the so-called buried soil horizons
with higher content of humic agents were detected. The
thickness of alluvial silts is more than 2 m and the ground-
water level fluctuated between 148 and 267 cm in 2000,
and between 129 and 221 cm in 2001.

Soil reaction in the Svratka river alluvium (sites 1-6) is
neutral, with the exception of the pure oak stand at site 6,
pH/H,O values being slightly over 7. In the alluvium of
the Jihlava river (sites 7—10) the soil reaction is almost
neutral, pH values fall slightly under 7, with the excep-
tion of site 10 (Table 5). Black walnut cultivation for the
period of 20—60 years did not result in the deterioration of
soil reaction. On the contrary, statistically lower pH val-
ues were detected under oak monocultures (Fig. 2). C/N
values (11.4-12.6) and C/P values (33.5-56.5) corre-
spond to the L-Mull form of surface humus (MEIWES et
al. 1986). The adsorption complex of the analysed soils
(Table 5) is highly saturated (BS 78.6-91.6%) and the
available nutrients are sufficiently abundant (Fig. 2). The
total nutrient reserve in the upper soil layer to a depth
of 10 cm, which is directly influenced by leaf fall and
decomposition processes, is presented in Table 6. This
table shows that within the first group of forest stands
the highest content of total and available nutrients was
detected under natural mixed stands (oak, ash, poplar),
it was lower under black walnut and linden stands and
the lowest values were detected under pure black walnut
stands. In the second group of stands the nutrient condi-
tions were more favourable in black walnut and linden
stands (site 5) when compared with pure oak and black
walnut stands. Similarly, in groups 3 and 4 soils under
black walnut stands (sites 8, 10) were better supplied with

J. FOR. SCI., 48,2002 (11): 486498
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Fig. 2. pH, C/A, C/P ratios and available nutrients in 0—10 c¢m soil layer
Note: 1 — oak + ash + poplar, 2 — black walnut + linden, 3 — black walnut, 4 — black walnut, 5 — black walnut + linden, 6 — oak,
7 — oak, 8 — black walnut, 9 — oak, 10 — black walnut
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Table 5. Chemical properties of soil samples, depth 0—10 cm (sampling on July 21, 2001)

Analyses Unit Site
1 2 3 4 5 6 7 8 9 10
pH/H,0 7.21 7.45 7.26 7.33 7.31 6.35 6.01 6.96 6.47 7.15
pH/KCl 6.56 6.93 6.58 6.73 6.77 5.51 5.15 6.28 5.47 6.30
Total nutrients
C (% DM) 3.61 3.09 3.20 3.59 3.57 4.01 2.89 3.45 2.75 2.77
N (% DM) 0316 0258 0.274 0301 0.283 0.323 0.240 0304 0.224 0.230
C/N 11.42 1198 11.68 1193 12.61 1241 12.04 1135 1228 12.04
P (g/kg) 0.66 0.63 0.64 0.74 0.74 0.71 0.78 0.82 0.82 0.81
C/P 54.7 49.0 50.0 48.5 48.2 56.5 37.1 42.1 335 342
Mg (g/kg) 7.22 6.44 7.31 7.45 7.51 7.73 9.69 11.57 11.13  11.70
Ca (g/kg) 7.40 7.64 7.37 7.72 7.83 6.16 4.53 6.38 5.57 6.43
K (g/kg) 3.78 3.49 3.86 3.85 3.82 3.94 4.43 5.58 5.10 533
Fe (g/kg) 26.6 22.7 27.5 26.7 26.4 29.2 272 31.0 26.6 29.5
Mn (mg/kg) 672 655 709 749 809 780 771 847 816 850
Zn (mg/kg) 106 93.9 108 115 129 118 104 117 109 112
Cu (mg/kg) 38.2 325 35.6 30.3 33.6 29.1 22.6 27.2 24.4 26.4
Available nutr. — Mehlich III
P (mg/kg) 61 61 62 110 112 55 61 60 59 60
K (mg/kg) 313 253 256 359 374 305 373 431 285 324
Mg (mg/kg) 631 590 686 669 640 600 751 869 760 836
Ca (mg/kg) 4,567 4,524 4,511 4,549 4782 4332 2,561 3,809 3,024 3,715
Available nutr. — Oxalate
Fe (g/kg) 4.24 3.74 4.24 4.09 4.63 4.68 4.30 4.64 4.21 4.68
Al (g/kg) 1.27 1.16 1.29 1.14 1.28 1.40 1.23 1.18 1.19 1.26
Sorp. complex — Mehlich II
H* (mmol eq/kg) 33 24 29 30 33 54 51 41 59 30
Ca (mmol eq/kg) 2249 2142 2233 2192 2328 2089 1284 1859 1472 183.1
Mg (mmol eq/kg) 47.5 459 56.3 53.6 51.2 47.1 59.8 71.3 61.8 68.3
K (mmol eq/kg) 7.03 5.85 6.47 8.50 8.69 7.06 8.59 10.7 6.60 7.70
KVK (mmol eq/kg)  312.1 2902 3149 311.3 3257 3174 248.1 309.0 2744 289.1
BS (%) 89.53 91.64 90.84 9036 89.86 82.88 7932 86.70 78.57 89.62

(1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black walnut,

(9) oak, (10) black walnut

nutrients than those under oak monocultures. The order
of tree species in relation to a decreasing nutrient reserve
in soil is as follows: (oak + ash + poplar) > (black walnut
+ linden) > black walnut > oak. In most cases this order
corresponds with the content of elements in leaf fall.

Potential respiration activity (Table 7) that measures
the speed of decomposition of organic matter in soil does
not show a definite trend in relation to the stand species
composition.

The nitrification activity of soil micro-organisms in pure
black walnut stands was always lower when compared
with the other stands (Fig. 3). The counts of aerobic
bacteria, which are dependent on the decomposition of
nitrogen-containing organic matter, were higher under
pure oak and black walnut stands than those under mixed
stands. The counts of starch-eating and mineral nitrogen-
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eating bacteria fluctuated regardless of the respective tree
species. The counts of aerobic bacteria exploiting nitrogen
from NO, and carbon from amino acids and high alcohols
fluctuated at individual sites as well, this group of micro-
organisms being significantly abundant in pure oak and
black walnut stands. The counts of actinomycetes were
relatively low and did not show any significant depend-
ence on the given tree species (Fig. 4). Azotobacter (as
a free binder of atmospheric nitrogen) was not detected.
The counts of micromycetes slightly increased in relation
to soil acidity. The generally more favourable values of
the monitored parameters in mixed stands of black wal-
nut and linden evidence the significant soil improving
function of linden. Experience from abroad verifies the
favourable influence of interplanting black walnut with
other species.
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Table 6. The reserve of total and available nutrients in soil, depth 0-10 cm (sampling on July 21, 2001)

Site
(t/ha) 1 2 4 7 8 9 10
Total nutrients
C 40.070 31.980 35.360 38.560 31.790 37.430 35.200 35.870
N 3.508 2.670 2.965 3.056 2.640 3.298 2.867 2979
P 0.733 0.652 0.729 0.799 0.858 0.890 1.050 1.049
Mg 8.014 6.665 7.338 8.111 10.660 12.550 14.250 15.150
Ca 8.214 7.907 7.604 8.456 4.983 6.922 7.130 8.327
K 4.196 3.612 3.792 4.126 4.873 6.054 6.528 6.902
Fe 29.490 23.460 26.280 28.490 29.880 33.620 34.060 38.160
Mn 0.739 0.678 0.738 0.874 0.848 0919 1.044 1.101
Zn 0.118 0.097 0.113 0.139 0.114 0.127 0.140 0.145
Cu 0.042 0.034 0.030 0.036 0.025 0.030 0.031 0.034
Available nutrients
P 0.068 0.063 0.108 0.121 0.067 0.065 0.076 0.078
Mg 0.700 0.611 0.659 0.691 0.826 0.943 0.973 1.083
Ca 5.069 4.682 4.481 5.165 2.817 4.133 3.871 4.811
K 0.347 0.262 0.354 0.404 0.410 0.468 0.365 0.420

Note: (1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black

walnut, (9) oak, (10) black walnut

Interplanting black walnut with nitrogen-fixing woody
species is expected to improve soil nitrogen fertility and
thereafter to improve the growth of black walnut trees.
Many trials with interplanting were made in America:
DAWSON and VAN SAMBEEK (1993) interplanted black
walnut (Juglans nigra L.) with four different nitrogen
fixing woody nurse crops (4/nus glutinosa, Elaeagnus
umbellata, E. angustifolia or Caragana arborescens).
Interplanting increased walnut’s annual height and stem
diameter (dbh) growth by as much as 50% and doubled
or tripled its crown volume compared with check plots.
Walnut interplanted with non-nitrogen fixing, woody
nurse crops (Lonicera maackii, Acer ginnala or Pinus

mg CO/100 g

sylvestris) did not grow significantly more than walnut
in check plots. The results indicate that nitrogen fixing
nurse crops can be superior to non-nitrogen fixing nurse
crops in promoting walnut growth. Moreover, CAMP-
BELL and DAWSON (1988) evaluated interplanting black
walnut with European black alder (4/nus glutinosa) or
autumn olive (Elaeagnus umbellata) and their effects on
the growth, yield and economic value of black walnut
(Juglans nigra) plantations. Interplanting with nitrogen-
fixing species increased the projected growth and yield of
walnut in comparison with the check plot (pure walnut).
Associated present values of black walnut were higher
with autumn olive than those with black alder.

mg NO,/100 g

Fig. 3. Biological activity of soil microorganisms. A — respiration activity, B — nitrification test
Note: 1 — oak + ash + poplar, 2 — black walnut + linden, 3 — black walnut, 4 — black walnut, 5 — black walnut + linden, 6 — oak,

7 — oak, 8 — black walnut, 9 — oak, 10 — black walnut
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Table 7. Microbiological analyses of soil samples (sampling on July 21, 2001)

. Site
Analyses Unit
2 3 4 5 6 7 8 9 10
Respiration activi (mg CO,/ 0.63 093 1.18 .12 0.88 126 088 0.70 1.17  0.98
D ty 100 g/day) . . . . . . . . . .
(mg NO./
Actual NO, content 100 g)3 034 0.16 0.15 0.15 025 043 0.36 0.3 020  0.09
o . . (mg NO./
Nitrification activity 3 0.23 0.20 0.14 0.15 0.15 0.32 0.24 0.20 0.23 0.11
100 g/day)
Aerobic bacteria (NA) (10%/gDM) 767 114 2,540 959 456 13,600 886 379 274 241
Aerobic bacteria (SA)  (10%gDM) 1,520 343 1,930 1,030 1,310 1,320 2,930 3,220 1,690 300
Actinomycetes (SA) (10%/g DM) 157 0.31 232 17.2 106 179 93.3 94.8 132 13.6
Aerobic bacteria (TA) (10%/gDM) 313 1.56 654 103 88.5 187 373 895 1,610 911
Actinomycetes (TA) (10%gDM) 1.57  2.08 844 313 424 14.3 518 632 3.16 314
Micromycetes (JA) (103%/gDM)  7.83 114 454 438 286 369 518 548 463 66.0

(1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black walnut,

(9) oak, (10) black walnut

NA — nutritive agar, SA — starch agar, TA — Thornton’s agar, JA — Jensen’s agar, DM — dry matter

From five interplanted tree species (Acer saccharinum,
Eleagnus umbellata, Robinia pseudoacacia, Pinus strobus
and Fraxinus americana) ALTHEN et al. (1989) consider
silver maple to be best for interplanting with Juglans nig-

ra. Best competition control and height growth of black
walnut was noted in mixtures with silver maple at spacing
of 2 m between rows and 1.5 m within rows, while foliar
N in walnut was lower in mixtures with silver maple than
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Fig. 4. The amount of microorganisms in nutrient media
A — nutritive agar, aerobic bacteria, B — Thornton’s agar, micromycetes, C — Thornton’s agar, actinomycetes, D — Jensen’s agar,

micromycetes

Note: 1 — oak + ash + poplar, 2 — black walnut + linden, 3 — black walnut, 4 — black walnut, 5 — black walnut + linden, 6 — oak,
7 — oak, 8 — black walnut, 9 — oak, 10 — black walnut
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in those with autumn olive. Black walnut naturally grows
in many mixed mesophytic forests of North America, but
is seldom abundant. Usually it is found scattered among
other trees; pure stands are rare, small, and usually located
on forest edges. Main associated species include yellow
poplar (Liriodendron tulipifera), white ash (Fraxinus
americana), black cherry (Prunus serotina), basswood
(Tilia americana), beech (Fagus grandifolia), sugar ma-
ple (Acer saccharum), oaks (Quercus spp.), and hickories
(Carya spp.). Near the western edge of its range, black
walnut may be confined to floodplains where it grows
either with American elm (Ulmus americana), hackberry
(Celtis occidentalis), green ash (Fraxinus pennsylvanica),
and boxelder (4Acer negundo), or with basswood and red
oak (Quercus rubra) on lower slopes and at other favour-
able sites (WILLIAMS 1990).

Beside the trials in America, many trials with growing
black walnut trees were made in Europe, inspired by the
prospects of its valuable wood. Trials in Slovakia de-
scribed by KOHAN (1999) were situated in uninundated
alluvia of the rivers Latorica, Tisa, Hron and Dunaj, in
terms of forest typology in floodplain hornbeam-ash
stands (hardwood floodplains). The intensively mana-
ged stands were established at 4 x 2 and 2.5 x 2.5 m, in
contrast to the spacing of 2 x 1.5 and 2.5 x 1.5 m used
under traditional management. Silvicultural treatments
(cleaning and selective thinning) were also very impor-
tant under the intensive management system, which
resulted in improved stand structure, standing volume
and basal area.

Most authors are consistent on the question of the best
soil conditions for black walnut. It is considered that
deep, well-drained neutral soils that are moist, rich and
fertile are the best for black walnut trees (CAMPBELL
et al. 1989; DUKE 1983; POKORNY 1953; WILLIAMS
1990; www.bluehen.ags.udel.edu; www.fs.fed.us;
www.museum.state.il.us, and others). These soils are in
the orders Alfisols and Entisols. Walnut grows best on
sandy loam, loam, or silt loam textured soils but it also
grows well on silty clay loam soils. Soils with these tex-
tures hold large amounts of water that is available to the
trees during dry periods of the growing season (WILLIAMS
1990). This is in agreement with KOHAN’s (1999) trials in
Slovakia which show that the best soil types for growing
black walnut trees are sandy, medium-heavy loamy and
heavy-textured clay-loamy to clayey soils with slightly
acid, neutral or weakly alkaline reactions. Internal drain-
age and depth to gravel are highly important site charac-
teristics for black walnut. On well-drained soils trees are
larger in dbh than trees growing on imperfectly drained
soils (WILLIAMS 1990). Walnut is common on limestone
soils and grows especially well on deep loams, loess soils,
and fertile alluvial deposits along streams and bottomlands
(but not on wet or saturated bottomlands or extremely dry,
sandy soils of ridges). It can also grow on coves, lower
slopes and agricultural soils (www.museum.state.il.us;
www.fs.fed.us; www.exnet.iastate.edu; WILLIAMS 1990).
According to WILLIAMS (1990) and POKORNY (1953)
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walnut grows slowly or poorly on wet bottomland and on
sandy or dry ridges and slopes, and especially on exces-
sively wet, cold soils without drainage. In the Czech Re-
public, black walnut (Juglans nigra L.) has been planted
on a restricted area of 320 ha. Black walnut is recom-
mended as an alternative to oak at some floodplain sites
and some Carpineto-Quercetum sites. KULYGIN (1990)
presented data on the growth of Juglans nigra up to the
age of 20 and 30 years in plantations in the Don region in
Ukraine. The plantations were established at steppe sites,
and were either pure or in mixture with other broadleaves
(oak, ash, walnut, robinia, maple [Quercus robur, Fraxi-
nus sp., Juglans regia, Robinia pseudoacacia, Acer spp.]).
The best method of establishing plantations was spring
planting of seedlings 1 or 2 years old, at spacings of
3 x 1.5,3 x2and 2.5 x 2 m. The best associate species
are Acer spp. and Tilia cordata; Quercus robur is also
possible. Robinia pseudoacacia and Fraxinus excelsior
suppress Juglans nigra, and J. regia grows very poorly
with Juglans nigra.

CONCLUSIONS

When compared with pure oak or black walnut stands,
mixed stands with natural species composition and mixed
stands of black walnut and linden showed higher sum of
leaf fall, more favourable soil chemistry and certain
microbial characteristics. The annual sum of leaf fall
in the analysed stands ranged between 2.2 and 3.5 t per
ha. Upper layers of soil to a depth of 10 cm had a pre-
dominantly loamy texture, crumb structure and balanced
physical properties. Soil reaction was neutral, an evident
shift of pH values towards acid reaction was detected in
the alluvium of the Jihlava river and generally under oak
monocultures. The adsorption complex of the analysed
soils was markedly saturated and the available nutrients
were sufficiently abundant. Long-term black walnut cul-
tivation in comparable stands did not result in a dramatic
deterioration of the respective soil production potentials.
Generally more favourable parameters were detected in
mixed stands with additional soil-improving species.
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Pidni poméry v porostech oreSaku ¢erného (Juglans nigra L.) v aluviu Fek Svratky

a Jihlavy
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ABSTRAKT: Byly hodnoceny fyzikalni, chemické a mikrobiologické vlastnosti ptid v porostech ofesdku ¢erného (Juglans nigra
L.) v porovnani s porosty reprezentujicimi pfirozenou skladbu dievin, smési ofesaku s lipou a ¢istych porostl dubu s cilem po-
soudit moznosti jeho péstovani na luznich stanovistich jizni Moravy. Vysledky neprokazaly vyrazné zhorseni pidnich vlastnosti
a produkéniho potencialu pud. Nejlepsi vysledky byly zjistény v porostech ofesaku ¢erného s meliora¢ni dievinou.

Kli¢ova slova: ofesak &erny; piida; aluvium feky Svratky a Jihlavy; Ceska republika

V Ceské republice je ofesak ¢erny (Juglans nigra L.)
péstovan v lesnich porostech pouze na jizni Morave
— na Lesnim hospodaiském celku Zidlochovice, Les-
nim hospodarském celku Straznice a na Lesni sprave
Znojmo. V téchto lokalitach byla timto druhem in-
trodukované dfeviny nahrazena pivodni spolecenstva
Ulmeto-Fraxinetum. Celkova vyméra ofesdkovych
porosttl v ramci Ceské republiky, na nichz hospodafi
podnik statnich lesti — Lesy Ceské republiky, dosahla
526 ha redukované plochy. Porosty byly zakladany po-
moci siji a péstuji se bud’ jako monokultury, nebo jako
smiSen¢, se spodni etazi lipy srd¢ité (7ilia cordata L.).
Podle udaji lesniho hospodaiského planu ¢ini celkova
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vymeéra porostl ofeSaku na Lesnim hospodaiském celku
(LHC) Zidlochovice 258 ha porostni piidy (redukovana
plocha). Témér tii pétiny (154 ha) z rozlohy porosti
ofe§aku se nachazeji v aluviu ek Svratky a Jihlavy.
Zajem o péstovani této dfeviny vyvrcholil ve ¢tyficatych
a padesatych letech minulého stoleti. Nejstarsi vysadby
do lesnich porostti na jizni Moravé probéhly na pocatku
19. stoleti, v aluviu Svratky a Jihlavy potom koncem
19. stoleti.

Oftesakové porosty byly zakladany vice nez z 80 % na
stanovistich odpovidajicich zafazeni do souboru lesnich
typt 1L — jilmovy Iuh. V ramci tohoto souboru lesnich
typt jsou nejvice zastoupeny lesni typy Ulmeto-Fraxineta
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carpinea: jilmovy luh br§licovy na naplavené hnédozemni
padé (1L2), jilmovy luh vale¢kovy na lehkych na-
plavenych ptidach (1L4) a jilmovy luh s ostruzinikem
jezinikem na tézkych naplavenych pudach (1L1) i dubova
jasenina s ostruzinikem jezinikem na tézkych oglejenych
pudach (1L9).

Cilem feSeni bylo hodnoceni ptidnich poméra v po-
rostech ofesaku ¢erného a posouzeni, zda jeho dlouho-
dobym péstovanim na stanovistich patficich do souboru
lesnich typt 1L nedochazi ke zhorSovani pidnich vlast-
nosti a snizovani produkéniho potencialu pud.

Porosty, které byly vybrany k provedeni srovnavacich
Setieni, patti LHC Zidlochovice. Jsou situovany do
aluvialnich poloh kolem soutoku fek Svratky a Jihlavy.
Pliidotvornym substratem jsou nivni sedimenty, na nichz
se vytvorily pudy typu fluvizemi.

K vlastnimu Setfeni bylo urceno 10 lokalit, které se
lisily vékem (porosty mladé, stiedniho veéku a dospélé)
a druhovou skladbou (porosty Cistého ofesaku ¢erného,
porosty ofesaku ve smési s lipou, porosty dubu letniho
v monokultufe a pro kontrolu porosty s pfirozenou
druhovou skladbou s ptevahou dubu a jasanu ). Loka-
lity 1-6 se nachazeji na polesi Zidlochovice, lesnicky
usek bazantnice UherCicky les v aluviu feky Svratky
v nadmoi'ské vysce 175-180 m n. m. Hlavni hospodarské
a nejvice zastoupené difeviny v reviru: DB, JS, ORC,
TP, pievazujici soubor lesnich typd na lesnim useku:
1L (zastoupeni 1G asi 5 %). K dalsim charakteristikdm
patii: primérna ro¢ni teplota 8,4 °C, prumérna teplota
ve vegetacnim obdobi (IV.-IX.) 14,8 °C, primérny ro¢ni
uhrn srazek 551 mm, primérny uhrn srazek ve vegetacnim
obdobi (IV.-IX.) 350 mm.

Lokality 7-10 jsou situovany na polesi Velky Dvtir, les-
nicky tsek Dlouha le¢ v aluviu feky Jihlavy v nadmotské
vysce 169—177 m n. m. Zastoupeni hlavnich dfevin polesi
VD podle plochy: DB 25 %, TP 19 %, AK 17 %, JS
12 %, ORC 5 %, hlavni hospodéafské a nejvice zastoupené
dieviny v reviru: DB, JS, ORC, TP, pievazujici soubor
lesnich typt na lesnickém useku 1L (zastoupen i 1G asi
4 %). Primérna roc¢ni teplota 9 °C, primérna teplota ve
vegeta¢nim obdobi (IV.-IX.) 15,6 °C, prumérny roc¢ni
uhrn srazek 499 mm, pramérny uhrn srazek ve vegetacnim
obdobi (IV—IX.) 319 mm.

Vzdy na dvou lokalitach v kazdé skupiné byly vyko-
pany pedologické sondy, byl proveden jejich popis
a z diagnostickych horizontll byly odebrany fyzikalni
valecky. Skupiny predstavuji v podstaté vékove piiblizné
srovnatelné porosty nachazejici se na srovnatelnych
stanovistich.

K provedeni analyz bylo odebrano z kazdé loka-
lity 3—5 smésnych vzorkt, kazdy o hmotnosti asi 2 kg.
Smésny vzorek byl tvofen z péti individualnich odbéra
na plose 100 m?. Individualni vzorky byly odebirany
z humusového horizontu (horizont A) tak, aby byla
reprezentativné zastoupena celd mocnost horizontu. Na
vybranych lokalitach byly také odebrany z pedologické
sondy z podpovrchovych horizontti vzorky k analyzam
chemickych vlastnosti.
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K provedeni mikrobiologickych a biochemickych
analyz byl vytvoten vzdy pro kazdou lokalitu jeden
smésny vzorek z péti odbérovych mist.

Standardnimi metodami bylo zjistovano: pH, pristupné
ziviny (Mehlich I1I), celkové ziviny (P, K, Ca, Mg a dalsi),
obsah uhliku a dusiku, kationtova vyménna kapacita,
biochemické a mikrobiologické parametry.

Pudy zajmového uzemi v aluviu fek Svratky a Jihlavy,
kde je nejvétsi rozloha porostii ofesaku Gerného v CR, maji
charakter typickych fluvizemi. Formou povrchového hu-
musu je mull. Ro¢ni suma opadu byla zjisténa v zavislosti
na véku pod porosty ofesaku od 1,47 do 2,41 t/ha za rok,
pod porosty ofesaku s lipou od 2,86 do 3,46 t/ha za rok
a pod porosty s dubem od 2,80 do 3,47 t/ha za rok.
Mnozstvi opadu zavisi vice na stafi porostu nez na
druhovém slozeni. Dekompozice opadu probiha v zavis-
losti na charakteru dfeviny, klimatickych podminkach
a mnozstvi a kvalité ptidni mikroflory. Prakticky veskery
opad (75 % listové hmoty) je v prib¢hu jednoho roku
zcela rozlozen; 25 % predstavuji zbytky celuldozového
charakteru s pozvolnym pribéhem rozkladu. Pod porosty
otfesaku (lokality 3, 4, 8, 10) pfichazi za ptfedpokladu
uplného rozlozeni opadu kazdoro¢né do pidy 16,4—
30,8 kg/ha N, 57,6-90,7 kg/ha Ca, 3,5-6,5 kg/ha K,
6,7-12,6 kg/ha Mg a 1,9-3,5 kg/ha P, pod porosty ofe-
$aku s lipou (lokality 2, 5) 1,3 a 41,2 kg/ha N, 86,3
a107,6kg/haCa, 10,52 13,8 kg/haK, 11,5a 15,2 kg/ha Mg,
3,6 a4,9 kg/ha P. Pod porosty dubu v monokultute (lokality
6,7,9) je to 40,1-52,8 kg/ha N, 42,0-58,4 kg/ha Ca, 9,4—
10,1 kg/ha K, 7,2—-11,3 kg/ha Mg a 4,1-5,3 kg/ha P.
V porostech s piirozenou druhovou skladbou (lokalita 1)
jeto 47,4 kg/ha N, 69,9 kg/ha Ca, 10,0 kg/ha K, 9,6 kg/ha
Mga 5,4 kg/ha P.

Pudy ve svrchni vrstvé do hloubky 10 cm maji prevazné
hlinitou texturu, drobtovitou strukturu a ostatni fyzikalni
vlastnosti vyrovnané diky celoplo$né ptipravé pudy
(hluboké orby) s pfedchozim klu¢enim pafezd. Vyjim-
kou jsou pouze ponékud t€z§i pidy na lokalitach 3 a 5
a naopak leh¢i pidy na lokalité 7. Stfedni ¢asti pidnich
profili maji rovnéz prevazné hlinitou texturu, ale jsou
slehlejsi a struktura je spiSe polyedricka nebo prizmaticka.
Hlubsi ¢asti ptudniho profilu maji ptevazneé jilovitohlinity
charakter a patrné jsou znamky oglejeni. V nékterych
pripadech (lokalita 1 a 2) je zfejmy vyskyt tzv. pohtbenych
horizonti s vyss§im obsahem humusovych latek. Mocnost
povodiovych hlin je vice nez 2 m a hladina podzemni
vody kolisa v pribéhu roku mezi 148-267 cm (r. 2000),
resp. mezi 129-221 cm (r. 2001).

Pidni reakce v aluviu feky Svratky (lokality 1-6) je az
na lokalitu 6 s ¢istym dubovym porostem neutralni a v alu-
viu feky Jihlavy (lokality 7-10) téméf neutralni. Péstovani
porostt ofesaku po dobu 20 az 60 let neznamenalo zhorSeni
pudni reakce. Naopak, nizs$i hodnoty pH byly nalezeny
pod monokulturami dubu. Hodnoty C/N (11,4-12,6)
a C/P (33,5-56,5) odpovidaji formé¢ povrchového humusu
L-Mull. Sorpéni komplex hodnocenych pid je vyrazné
nasyceny (BS 78,6-91,6 %) a pristupné Ziviny jsou za-
stoupeny dostatecné. V ramci prvni skupiny porostu byl
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nejvyssi obsah celkovych a pfistupnych Zivin ve svrchni
vrstvé pudy do 10 cm pod pfirozenymi smiSenymi po-
rosty (DB + JS + TP), nizsi pod porosty ofesaku a lipy

v

v

porosti byly pfiznivéj$i nutriéni poméry v porostech
ofesaku a lipy (lokalita 5) ve srovnani s ¢istymi porosty
dubu. Podobné ve tieti a étvrté skupiné porosti byly pudy
lépe zasobené zivinami pod porosty ofesaku (lokality 8,
10) nez pod porosty s monokulturou dubu. Potadi dfevin
s klesajici zasobou zivin v pidé je tedy nasledujici: (DB
+JS + TP) > (ORC + LP) > ORC > DB.

Potencialni respiracni aktivita, kterd je meétitkem
rychlosti rozkladu ustrojnych latek v padé€, nevyka-
zuje jednoznaény trend s ohledem na druhové slozeni
porostu. Nitrifikacni aktivita pidnich mikroorganismi
byla v &istych porostech ofesaku ve srovnani s ostatnimi
porosty vzdy niz§i. Pocet acrobnich bakterii vazanych
na rozklad organickych dusikatych latek byl vyssi
pod ¢istymi porosty dubu a ofesaku nez pod porosty
péstovanymi ve smésich. Pocet bakterii vyuzivajicich
Skrob a mineralni dusik byl rozkolisany a bez zfejmého

vlivu dfeviny. Pocet aerobnich bakterii vyuzivajici dusik
zNO, a C z aminokyselin a vys$ich alkoholdi rovnéZ na
jednotlivych lokalitach kolisal a nejvice byla tato skupina
pudni mikroflory zastoupena v Cistych porostech dubu
a ofeSaku. Pocet aktinomycet byl relativné nizky a nevy-
kazoval zadnou vyznamné;j$i zavislost na druhu dieviny.
Azotobacter (jako volny poutaé¢ vzdusného N) nebyl
zjistén. Pocet mikromycet mirné stoupal v zavislosti na
acidit¢ pudy. Vesmés priznivéjsi hodnoty sledovanych
parametri ve smisenych porostech ofesaku s lipou
sved¢i o vyznamné melioraéni funkci lipy. Pfiznivé
ucinky péstovani ofesaku ve smésich jsou uvadény i ze
zahrani¢i.

Vysledky ukazaly, ze smiSené porosty s pfirozenou
druhovou skladbou dievin a smiSené porosty ofesaku
s lipou vykazovaly ve srovnani s ¢istymi porosty dubu
nebo ofesaku vyssi sumu opadu, ptiznivEjsi chemismus
pud a nékteré mikrobiadlni charakteristiky. Dlouho-
dobé péstovani ofesaku v prvni generaci na srovnatel-
nych stanoviStich vSak neznamenalo dramatické
zhorseni produkéniho potencialu pad.
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