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Soil moisturein mountain spruce stand

L. TuziNsky

Technical University, Forestry Faculty, Zvolen, Slovak Republic

ABSTRACT: Mountain forests are among the main components of natural environment in Slovakia. They grow mainly in
areas with cold climate, on poor soils with unfavorable reaction, often very acidic (pH in H,O < 4.5) and with nutrient
deficit. Immissions and acid rain attack forests to a great extent. Global climate changes also represent a new threat. Ex-
tremes in air temperatures, excessive amounts of precipitation or on the other hand the lack of water from precipitation,
torrential rains or long-lasting drought periods are recorded as aresult of a higher amount of heat energy accumulation from
the greenhouse effect. Spruce forests are most endangered. Spruce with its root system concentrated in the upper soil lay-
ers, where also the highest amount of toxic elements accumulates, suffers more and more from dry and warm periods and it
begins to wither due to drought. The occurrence of hydropedological cycles with alow or insufficient supply of available
water in the soil is most frequent during summer (July, August). If the soil water potential values approach the value of the
wilting point, an expressive decreasein transpiration is observed during the day, whereasits daily courseis also suppressed.
Gradual soil drying up from the upper layers towards the deepest ones of the physiological profile of soil represents
a change in soil moisture stratification, especially after moistening the upper layers of soil with water from atmospheric
precipitation. The deeper soil layers need not be re-saturated in such a case. Under drought the whole physiological profile
of soil driesup in arelatively short time. Trees are exposed to a strong physiological stressin such conditions and after long-

lasting drought periods they can get into the state of total exhaustion.
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Slovakia is characterized by vertical segmentation of
the relief with different climatic and hydrological condi-
tions, which results in a variety of plant communities.
Water is among the main sources of biosphere. It also
represents the main medium for nutrient transportation in
plant communities and it takes part in photosynthetic pro-
cesses, evapotranspiration, enzyme hydration, etc. Wa-
ter use by forest trees is determined by their ecological
demands, production ability and by atmospheric and soil
water use efficiency. Spruce and beech, most frequent
tree species in higher forest vegetation zones, have rela-
tively high requirements for water. The physiological con-
sumption of water by beech is considerably lower than
that of spruce and the water balance, with respect to some
of its components, e.g. the stem flow, is more favorable.

Spruce stands mostly grow on acidic soils with poor-
in-minerals substrates, highly unbalanced nutrient con-
tent and water holding capacity. Continuous inputs of
harmful elements, especially to the upper layers of soil
profile, represent a serious danger to spruce stands.
These inputs cause changes in the unfavorable chemical
composition of soils and consequently changes in the
availability and mobility of soil water. After the spruce

trees are physiologically weakened in this way and in the
case of long-lasting unfavorable stand and atmospheric
conditions, they gradually decline or even die-back.

MATERIALS AND METHODS

The research plot Oravska Polhora — Borsucie was es-
tablished in 1984, when the systematic monitoring of pre-
cipitation chemistry was initiated. In 1989 the scope of
research was widened and some other water balance com-
ponents were included, such as interception, stem flow,
surface runoff, water seepage into deeper layers of soil
profile. Research on the soil water regime on this research
plot has been carried out since 1991.

The research plot is located mostly in the spruce stand
(spruce 85, beech 13, fir 2) on the SW slope with a gradient
of 15%, at 940 m above sea level. At the beginning of our
research the age of trees was 90 years and the stocking
was 0.7. Typologically this forest stand belongs to the FA
forest type group, the soil is acid Cambisol.

Precipitation was collected in 5 buckets made of PVC
with the collecting area of 500 cm?. These buckets were
placed crosswise at 1 m above the soil surface as well as
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Fig. 1. Monthly (April-September) precipitation (mm) during the growing season of the years 1991-1999

under the grass and herb vegetation. The stem flow was
collected from three spruce tree samples by means of lead-
en mangers, seepage water was collected into gravita-
tional lysimeters made of PVC with the collecting area of
2,500 cm? installed under the surface humus horizon at
adepth of 30 and 50 cm.

The actual soil moisture content was determined from
soil samples that were taken in week intervals. A gravi-
metric method was used and soil samples were taken with
a soil bore from 10cm sequences to the depth of 80 cm.
Soil moisture conditions were evaluated in relation to the
basic hydrophysical characteristics of the soil: maximum
capillary capacity MCC, point of diminished availability
PDA, and wilting point WP (TUZINSKY 1990). The water
consumption by evapotranspiration (E7) was calculated
from a difference in water supply in the soil at the begin-
ning and the end of monitored season (dV), amount of
precipitation (Z) and water amount that infiltrated into the
soil (Ip). The following equation was used:

ET=Z-dV-1Ip

Ecological classification of the water regime was deter-
mined according to KUTILEK (1971).

RESEARCH RESULTS

Precipitation sums for the growing seasons 1991-1999
indicate that the growing seasons 1991 and 1994-1997
had sufficient amounts of water from precipitation. On
the other hand, water supply in the growing seasons 1992,
1993, 1998, and 1999 was not high enough.

If the actual monthly precipitation sums are compared
with a long-term value, these have a normal distribution
of frequency of climatic characteristics within one month,
with a slight shift towards the months with precipitation
sums below normal (Fig. 1, Table 1).

When evaluating longer lasting periods without rain,
we focused on the period from June 19 to August 21,
1992, when only two rainy days were recorded (June 30:
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19.8 mm of the open area precipitation, 14.6 mm of forest
stand precipitation; August 14: 1.9 mm stand precipitation).
In the period from June 16 to August 27, 1995 there were
10 rainy days altogether, with stand precipitation sum of
9.9 mm. A period without rain in the spring 1996 lasted from
May 29 to June 11. From August 15 to August 27 there
were 6 rainy days and the forest stand sums amounted to
2.2 mm. During the growing season of 1997 a period with
low rain was recorded from April 18 to May 18 (4.2 mm of
forest stand precipitation), and from August 5 to August
28 (6.9 mm). During the growing season of 1999 a similar
precipitation activity was recorded from June 24 to August
6 (1.7 mm) and from September 3 to September 25 (0.8 mm).
In the other studied growing seasons normal or even above-
normal precipitation amounts were recorded.

Interception, infiltration of water to the soil, evapotrans-
piration, stem flow and surface runoff belong among most
significant components of the water balance that take part
in the soil moisture regime (Table 2).

The interaction of crowns in the spruce stand causes
that a certain amount of precipitation is intercepted that
consequently evaporates to the air. The factors of inter-
ception process are as follows: meteorological factors
(temperature, humidity, air movement), character of the
forest stand crown layer, tree composition, stand age, can-
opy and stocking. A significant dependence upon the
intensity of precipitation was observed on the research
plot, determined by the relation of actual interception and
selected forest stand characteristics (Fig. 2).

Monthly sums of stand precipitation on the research
plot ranged from 68% to 89% of the open area precipita-
tion amount. The highest interception losses were record-
ed in July (26% on average) and the lowest in September
(16.8%). Total interception was highest in the growing
season 1994 (26.9%) and lowest in the growing season
1997 (19.7%). Lower interception values in June 1993 and
September of 1992, 1995, 1997, and 1999 (10.7-16.7%) can
be explained by frequent rainfall events of low intensity
(<3 mm) and especially by fog occurrence.

J. FOR. SCI., 48, 2002 (1): 27-37



Table 1. Characteristics of months during the growing season according to precipitation sums

Growing season v v Vi viI it X 2
(mm)

1991 74 134 121 208 216 107 860
1992 78 85 77 115 30 135 520
1993 49 36 151 130 85 98 549
1994 154 167 125 60 156 109 771
1995 76 128 146 103 95 50 598
1996 87 109 99 70 127 196 688
1997 76 100 117 234 67 41 635
1998 58 52 160 92 55 108 522
1999 56 77 63 99 88 56 439
> 708 888 1,059 1111 919 900
O 79 99 118 121 102 100
Month characteristic NO NO NO NO NO NO
Normal 1901-1970 67 87 122 139 115 77 607
Growing season Month

v v VI VI VIII IX
1991 NO NN NO SNN SNN NO
1992 NO NO NO NO SPN NN
1993 PN SPN NN NN NO NO
1994 NN SNN NO PN NN NO
1995 NO NN NN NO NO PN
1996 NO NO NO PN NO SNN
1997 NO NO NO MNN NO PN
1998 PN PN SNN NO PN NO
1999 PN NO PN NO NO NO
Month characteristics Abbreviation Interval of Frequency of occurrence during

used phenomenon (%) the growing season (%)

Extraordinarily above average MNN <2 1 1.8
Strongly above average SNN 2-99 5 9.3
Above average NN 10-24.9 8 14.8
Normal NO 25-75 28 51.9
Below average PN 75.1-90 10 18.5
Strongly below average SPN 90.1-98 3.7
Extraordinarily below average MPN >98 0 0

The stem flow values ranged from 10.1 to 14.2 mm in the
course of our research, which accounted for 1.6-1.9% of
the open area precipitation amount. The stem flow pro-
cess started after the tree bark was fully saturated with
water, that means when precipitation reached about
4-6mm.

The evaluation of surface runoff indicated very low
values. As for the seasonal variations, the highest runoff
values were recorded in May and June (1 mm on average)
and the lowest in April (0.7 mm). Total runoff values with-
in the growing season ranged from 2.3 mm (1999) to
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8.7mm (1994), i.e. 5.3 mm on average (less than 1% of the
open area precipitation).

Water infiltration into the soil is one of the most significant
components of water balance. In relation to soil permeability,
its physical properties and moisture conditions the amount
of water infiltrated into the soil ranged from 116 mm (1999)
to 302 mm (1991), which equaled 26-35% of precipitation
measured on the open area. The highest water loss, as for its
infiltration, was recorded in May (382 mm) and the lowest in
August (273 mm), which accounted for 43.3-29.5% of pre-
cipitation measured in the open area.
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Table 2. Water balance in spruce stand during selected growing seasons

Amount of water

Growin, Average Open area at the beginnin
g air pen are Interception Surface runoff Water seepage g s
season ¢ ¢ precipitation and end of growing
emperature season
(°C) (mm) (mm) (%) (mm) (%) (mm) (%) (mm)
339.5
1991 11.3 875.1 232.8 26.6 7.6 0.8 278.5 31.8 283 .4
1992 12.5 442.7 109.5 247 59 1.3 148.3 335 298.9
263.2
1993 12.2 573.2 135.5 23.6 4.8 0.8 201.8 353 307.3
255.4
367.5
1994 13.3 719.4 206.2 28.7 6.1 0.8 294.9 41.0
309.3
1995 12.1 607.6 129.4 21.3 8.7 1.4 240.8 39.6 3299
246.5
1996 11.9 710.5 156.2 22.0 7.4 1.0 276.2 389 359.4
283.2
1997 11.8 589.3 129.7 22.0 5.6 0.9 229.6 39.0 ;‘3‘(9)%
1998 12.0 540.8 127.2 235 5.1 0.9 190.3 352 3722
340.8
369.5
1999 13.1 452.1 111.3 24.6 4.2 0.9 159.2 35.2 276.4
Winter
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Fig. 2. Dependence between forest stand and open area precipitation
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Fig. 3. Chronoisopleths of soil moisture during the growing sea-
son 1994

Soil moisture conditions are represented by soil mois-
ture chronoisopleths in their relationship to individual
hydrolimits. We chose three different growing seasons to
be compared: average precipitation season (1995, 1997),
below-average precipitation season (1992, 1999), and
above-average precipitation season (1991, 1994).

In the growing season 1991 with above-average amount
of precipitation (141% of the average), the whole soil pro-
file was sufficiently supplied with water almost through
the whole growing season. Soil moisture gradually
increased towards the upper layers of soil profile
(> MCC). During the seasons with frequent and longer
lasting precipitation events the highest saturation with
water was recorded in the upper (0-20 cm) and deepest
(60—80 cm) layers of soil profile. Soil moisture in the grow-
ing season ranged from 29 to 41 weight %. At the begin-
ning of the growing season and during the days following
high precipitation activity the soil moisture in the upper
soil layers was higher than 45 weight %; in the middle soil
layers it ranged around the limit of 35 weight %; in the
deepest layers of soil profile it decreased to the value of
40 weight %. The upper limit of the MCC hydrolimit was
exceeded in all cases mentioned above.

The course of soil moisture was different during the
above-average precipitation growing season 1994 (Fig. 3).
A relatively high decrease in the soil moisture was re-
corded in October and November 1993. After the precipi-
tation deficit in the following winter, the moisture content
was considerably lower at the beginning of the growing
season compared to the same period in the growing sea-
son 1991. The soil moisture at the beginning of the grow-
ing season 1994 ranged between 30 and 41 weight % in
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the upper soil layers, between 28 and 36 weight % in the
middle layers of soil profile, and between 29 and 37 weight %
in the deepest layers. An intensive decrease in the soil
moisture in the following season (May—July) was recor-
ded in the middle layers of soil profile (20—40 cm), where-
by the water amount decreased to 21-38 weight %, which
refers to 55—74 % of the MCC hydrolimit. The soil mois-
ture content was more balanced in deeper soil layers and
without larger fluctuations. It ranged from 71% to 85% of
the MCC hydrolimit. In summer months the water amount
in the whole physiological soil profile fluctuated between
the hydrolimit of PDA and WP. The lowest water amount
was in the upper and middle layers of soil profile (43-70%
of MCC). In the layer of 0-20 cm the amount of available
water ranged between 20 and 40 mm. That means the forest
stand had a sufficient amount of available water (Fig. 4).

During average precipitation growing seasons (Figs. 5,
6) the whole soil profile had enough moisture only in
spring. The length of the uvid interval (soil moisture
amount > MCC) was determined by the amount and fre-
quency of precipitation as well as by soil water supply
that accumulated at the beginning of the growing season
from winter supplies. During the growing season 1995 the
supply of water from winter was lower compared to the
growing season 1997 and in spite of more favorable pre-
cipitation conditions. The soil moisture decreased to the
area between the hydrolomits of MCC and PDA in the
upper and middle layers of soil profile (0—40 cm) already
in the first decade of May, in the deepest layers (60—
80 cm) a month later. During the growing season 1997 the
soil moisture amount above the upper limit of the MCC
hydrolimit was recorded practically in the whole soil pro-
file until the end of June. The most expressive dynamics
of soil moisture was recorded in the upper soil layers
where the soil moisture ranged between the hydrolimits
of MCC and PDA. The supply of available water ranged
from good to sufficient supply during spring (> 40 mm), at
the beginning of summer it was only sufficient (approx.
20 mm). In August and September the days when the soil
moisture in the upper 20cm layer decreased below 20 mm
occurred sporadically. This reflected an insufficient sup-
ply of available water.

During below-average precipitation seasons (1992 =
86%, 1999 = 72% of the average) the soil moisture regime
was characterized by three soil moisture intervals. The
uvid interval was recorded in spring after the accumula-
tion of water from winter (Fig. 7) with the soil moisture
above the upper limit of the MCC hydrolimit. In spring,
during a low precipitation and quite cold period the semi-
uvid interval prevailed (Fig. 8) with soil moisture between
the hydrolimits of MCC and PDA. Relatively big changes
in the soil moisture, especially in the middle and deeper
layers of soil profile (May, April 1999), very well reflect
precipitation conditions as well as changes in the air tem-
perature. After the air temperature increased and while
the soil profile had a good supply of water, the consump-
tion of water for evapo- transpiration processes increased
(>4 mm/day).
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Fig. 4. Available water supply (mm) in the 0—20cm layer of the soil profile during the growing season

As a consequence of favorable precipitation distribu-
tion (except for August — 14% of the average) available
water supply (> 20 mm) in the upper 0—20cm layer of soil
profile was mostly sufficient at the beginning of the grow-
ing season 1992. During the growing season 1999 the
amount of available water varied at the boundary of suffi-
cient and insufficient supply. Periods with hardly avail-
able water supply in the upper layers of soil profile were
often recorded in summer. This forced trees to utilize water
from deeper soil layers. A critical situation occurred in Sep-
tember, when the increased consumption of available water
took place almost in the whole soil profile. Trees disposed
only of hardly available water during this period.

According to the degree of soil profile moistening, soil
moisture duration and moisture stratification (KUTILEK
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1971), three intervals of soil moisture were recorded in the
physiological soil profile in the spruce stand during the
growing season. In spring after the winter accumulation
period and after sufficient precipitation events the uvid
interval of the soil moisture prevailed (soil moisture >
MCC). The most frequent interval was a semiuvid one with
the soil moisture values between the hydrolimits of MCC
and PDA. The optimal amount of soil moisture (60-80%
of MCC) usually lasted until the end of June and in the
case of the sufficient amount of soil moisture even later.
A drying-up period culminated in summer when the
amount of soil moisture decreased to the semiarid inter-
val, which represents the soil moisture between the hy-
drolimits of PDA and WP. Such moist conditions occurred
mostly in the upper layers of soil profile only. These moist
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Fig. 6. Chronoisopleths of soil moisture during the grow-
ing season 1997
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conditions influence the growth of trees and their physio-
logical state was proportional to their duration and intensi-
ty. After longer-lasting dry and warm days the soil water
deficit increased and it gradually hit also deeper layers of
soil profile. Usually it had only a short-time character and
occurred towards the end of the growing season.

DISCUSSION AND SUMMARY OF RESULTS

The development and state of water regime in forest
soils depend upon the ratio of incoming to outgoing com-
ponents of water balance, i. e. on the intensity of hydro-
logical processes that affect an increase or decrease in
soil water. Soil moisture changes on research plots are
caused by the influence of atmospheric conditions, espe-
cially by the amount, intensity and time distribution of
precipitation as well as by evaporation and temperature
conditions, relief (slope, exposition) and water and phys-
ical characteristics of soil (texture, structure, water hold-
ing capacity, runoff conditions). The transforming effect
of forest stand also influences the water regime in
a significant way, especially by uneven throughfall distri-
bution, vegetation interception and humus layer. Other
factors are desuction and various spatial fluctuations in
the forest soil permeability.

The actual precipitation amount is mostly modified by
the forest stand structure and its stratification. In our case,
the throughfall in the spruce stand accounted for 73—-80%
of the precipitation on average from the open area precip-
itation during the growing season. We observed a great
variability in intercepted precipitation during individual
months (11-33%). Relatively low values (< 10%) were reg-
istered in seasons with fog occurrence. The increase in
forest stand precipitation influenced by advection fogs is
discussed in papers published by several authors, e.g.
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KANTOR (1981), GREGOR et al. (1999), etc. Changes in in-
terception processes in the presence of fog or without it
were analyzed by KRECMER (1973) using the curve of
throughfall without the presence of fog and the curve of
maximal throughfall. A throughfall process has a linear
character although its complicated course following the
fluctuations in interception process, especially at its be-
ginning, is often represented as markedly non-linear
(BENETIN 1983; KRECMER 1973; KRECMER et al. 1981;
MINDAS 1999).

Precipitation total, its distribution and the stem surface
are the main factors influencing the stem flow (INTRIBUS
1977; EIDMAN 1959; KORTUM 1961). The stem flow in
spruce stands is not significant as for its quantity and it
does not usually exceed 2% of the open area precipitation
(EIDMAN 1961; RAJEV, SERAFIMOV 1980; TUZINSKY 2000;
ZELENY 1967). Similar results of the stem flow measure-
ments were confirmed on our research plot. Water started
to flow only after precipitation higher than 4—6 mm and
the amount of flown-away water did not exceed 2% of the
open area precipitation amount.

The values of surface runoff are minimal with respect to
total water balance. According to MIDRIAK (1992) the
amount of runoff water on the soil surface in Slovakia
ranges from 22 to 782 I/ha per day (255 1 on average). This
is 0.07-2.52% (20.99%) of the total precipitation amount,
depending on natural and management conditions of co-
niferous forest stands (spruce, fir, pine, larch). As for de-
ciduous forest stands (beech, oak, hornbeam), the values
of surface runoff range from 34 to 1,080 l/ha per day
(323 1 on average), i.e. 0.14-5.03% (2 1.52%) of the total
precipitation amount. Other research results also confirmed
that in our conditions the surface runoff values do not
exceed 3% in forests, in dependence on the slope, soil per-
meability and forest stand type. The values of surface
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runoff from agricultural lands range between 5 and 40%
of total precipitation amount (ZACHAR, JUVA 1987). In-
creased surface run in the forest stands can be observed
only on uncovered and destroyed soil.

Water seepage to the bedrock represents a significant
component of the water balance that influences the sup-
ply of water in the soil. During our research the amount of
water that gravitationally penetrated through the soil pro-
file was 26—35% of total precipitation amount. The amount
of gravitational water depends upon the hydrological and
physical properties of soil, precipitation intensity, and the
soil moisture. A rich and well-developed root system in
the forest soil contributes to a high infiltration of water.

Evapotranspiration, especially physiological evapora-
tion, is a crucial outgoing component of water balance.
Transpiration, except for solar radiation, air temperature,
air movement, and inner factors (plant species and age,
assimilation organ structure and orientation) are influ-
enced especially by the water amount in soil. As the air
temperature increases, the evapotranspiration also in-
creases and reaches its maximum when the air tempera-
ture is about 25-30°C; the water intake is optimal at
60—70% of the maximum capillary capacity (PENKA 1985).
Data acquired on different types of forest stands, accord-
ing to their heterogeneous stand and climatic conditions,
often obstruct the mutual comparison of transpiration
values. Annual values of physiological evaporation in
spruce stands range between 100 and 516 mm under Euro-
pean conditions (BRECHTEL, LEHNARDT 1982). As for
evapotranspiration, its values range between 400 and
550 mm (GREMINGER 1984; MRAZ 1973). Our research data
were analogical, average evapotranspiration values from
the spruce stand ranged between 327 and 406 mm/year.

Changes in the soil moisture are characterized and
caused by the amount and intensity of precipitation, its
spatial and time distribution, evapotranspiration, surface
and underground runoff and other factors. We can state
in general that soils are often insufficiently supplied with
water at the beginning of the hydrological year. The soil
moisture mostly ranges between the hydrolimits of the
point of diminished availability and wilting point. The rea-
son for such a state is an intensive consumption of water
from the physiological soil profile in summer for evapora-
tion and transpiration. Not even high precipitation is able
to compensate the deficit of physiologically available
water in the soil during summer. The soil profile is usually
saturated with water in the winter accumulation period.
Even though the lack of snow, elevated air temperature
and possible evapotranspiration can worsen the unsuit-
able moisture regime. Then the onset of the growing sea-
son is quite unfavorable for the vegetation. The most
expressive dynamics of the soil moisture can be observed
in the upper soil layers, at the turn of winter and spring.
When the ground is thawing, such an increase in soil
moisture can result in temporary waterlogging. Water ac-
cumulation in the upper soil layers is explained by mois-
ture movement forced by temperature gradient (BENETIN

1983) and by an increase in the absolute value of soil
water potential.

The above-mentioned facts show that the soil moisture
conditions are very good at the beginning of the growing
season. As for the soil moisture content expressed by
hydrolimits, it ranges around the upper limit of the maxi-
mum capillary capacity. Very good supply of available
water can also be observed in the middle and deeper lay-
ers of soil. An optimal amount of water in the soil (approx.
60-80% of the MCC) is available in the soil mostly until
the end of the second decade of June. The available water
is intensively used up during warm summer and the upper
soil layers, where the bulk of active roots are also present,
are dried up to the highest extent. The highest consump-
tion of water for evapotranspiration (> 4 mm/day) was
recorded in summer and the drying-up phase generally
culminates in August.

It follows from the evaluation of available water amount
in the upper 0—20cm layer of soil that it ranges between
good (> 40 mm) and sufficient (2040 mm) supply; in
a dry and warm period it can even decrease to insufficient
(<20 mm) supply of water for a short time.

In the physiological soil profile of 0—100 cm, the supply
of water in spring can be sufficient (90-130 mm) or even
very good (> 160 mm) in dependence upon moisture condi-
tions in autumn and winter, in a dry season it decreases to
the low supply of available water (60-90 mm).

CONCLUSION

The existence and production ability of forest ecosys-
tems depend upon water supply to a great extent. Devel-
opment of the water regime of forest ecosystem soils is
less known, compared to other hydrological factors. This
applies especially to a complicated influence of forest
upon individual components of water balance. The
amount of water in the soil depends especially on the
amount and time distribution of precipitation, which is
the only source of water on our research plot at Oravska
Polhora. The distribution and character of hydropedolog-
ical cycles as well as spatial variability of water regime are
influenced by the physical properties of soil and by the
transforming effect of forest stand.

The following hydrophysical characteristics can be con-
sidered as positive ones on the research plot in question:
low value of wilting point, high capillary, retention, and
available water capacity, as well as lower water holding
capacity.

It follows from research data on the soil moisture that
during the growing season more expressive changes in
the soil moisture are caused by desuction in the upper
and middle soil layers, and by precipitation conditions in
deeper soil layers. Normal stratification of moisture in the
soil profile prevails. Gradual soil drying up beginning in
the upper soil layers, followed by drying up of the deep-
est ones, starts on warm summer days after a period with
insufficient precipitation and after desuction and transpi-
ration processes. In such periods drying up of the soil
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will be intensive. The soil moisture expressed by hy-
drolimits ranges between the point of diminished avail-
ability and the wilting point; available water supply
decreases to the area of a low supply.

Following the present research of soil moisture we can
state that conditions with higher soil moisture prevail on
research plots and the supply of trees with water is generally
favorable. A decrease in the soil moisture below the 50%
limit of MCC can appear sporadically, which consequently
decreases the physiological activity of trees. After a long-
lasting deficit of available water the process of physiological
weakening can intensify. Contingent influence of stress fac-
tors increases the danger of damage (decrease in the number
of assimilation organs; transpiration, assimilation, and incre-
ment decrease, as well as secondary pest occurrence) and
the trees that are seriously damaged can even die back.
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Vlhkost’ pody v horskom smrekovom poraste

L. TUZINSKY

Technicka univerzita, Lesnicka fakulta, Zvolen, Slovenska republika

ABSTRAKT: Horské lesy patria na Slovensku k zakladnym zlozkam prirodného prostredia. Nachadzaju sa vécSinou v oblasti
chladnej klimy, na prevazne troficky chudobnych pddach s nepriaznivou, uz velmi kyslou reakciou (pH v H,0 < 4,5)
a nedostatkom zivin. Su vo velkej miere atakované imisiami a kyslymi zrazkami. V ostatnom obdobi im hrozi nebezpecie aj
vplyvom globalnych klimatickych zmien. Vysledkom vicSieho mnozstva tepelnej energie sklenikového pocasia vznikaja
extrémy v teplotach, vyskytuju sa nadmerné zrazky alebo ich nedostatok, privalové dazde, dlhsie trvajuce suché obdobia
atd’. Najviacsie nebezpecie hrozi smrekovym porastom. Smrek s koreiovym systémom, koncentrovanym v povrchovych
vrstvach pddy, v ktorych sa hromadi najvac¢sie mnozstvo toxickych latok, vplyvom suchych a teplych obdobi zacina stale
vo vicsej miere trpiet suchom. Vyskyt hydropedologickych cyklov s nizkou, resp. nedostatoénou zasobou vyuzitel'nej
vody je najéastejsi v letnych mesiacoch (jul, august). Pri hodnotach vodného potencialu pddy, ktoré sa blizia k bodu trvalé-
ho vidnutia, je badatelny v priebehu dia vyrazny pokles transpiracie, pricom sa postupne straca aj jej denny chod. Po-
stupné preschnutie pddy od vrchnych vrstiev az po najhlbsie vrstvy fyziologického profilu pédy znamena pri pripadnom
zvlh¢ovani povrchovych vrstiev atmosférickymi zrazkami zmenu stratifikacie vlhkosti. Opdtovné nasycovanie hlbsich vrs-
tiev p6dy nemusi v takomto pripade nastat, v pripade suchého obdobia dochadza v relativne kratkom case k vysuSeniu
celého fyziologického profilu. Dreviny st v takomto pripade vystavené silnému fyziologickému stresu, po dlhSie trvajicom

suchom obdobi sa mézu dostat’ az do §tadia vycerpania.

Krucové slova: vlhkost pddy; hydrolimity; fyziologicky pristupna voda; hydropedologické cykly

Predmetom prispevku je analyza hydropedologickych
cyklov s rozdielnou zasobou vyuzitel'nej vody vo fyzio-
logickom profile pddy v horskom smrekovom poraste.
Smrek s koreniovym systémom, ktory je koncentrovany
v povrchovych vrstvach pody, kde sa hromadi najvacsie
mnozstvo toxickych latok, vplyvom suchych a teplych
obdobi zacina stale vo vd¢sej miere trpiet’ suchom.

Vyskumna plocha Oravska Polhora— Borsucie, na ktorej
sa okrem vodného rezimu pody sledovali aj d’alSie zlozky
vodnej bilancie (intercepcia, stok po kmeni, povrchovy
odtok, priesak vody do podlozia), bola situovana
v prevazne smrekovom poraste (sm 85, bk 13, jd 2), na
svahu orientovanom na JZ, so sklonom 15°, v nadmorskej
vyske 940 m. Vek porastu na zaciatku vyskumu (1989) bol
90 rokov, zakmenenie 0,7. Typologicky bol porast zarade-
ny do slt FA, podnym typom je kambizem kysla.

Zrazky sa zachytavali do piatich vedier z PVC (zachyt-
na plocha 500 cm?), voda zo stoku po kmeni z troch
vzornikov smreka prostrednictvom olovenych zla-
bov, gravita¢na voda pomocou lyzimetrov (2 500 cm?) —
pod horizontom nadlozného humusu a v hibke pody
30 a 50 cm. Okamzita vlhkost’ pody sa urcila z podnych
vzoriek, ktoré sa odoberali v tyzdnovych intervaloch,
gravimetricky poddnym vrtakom v 10cm vrstvach do hibky
80 cm. Z hydrolimitov boli stanovené maximalna kapilar-
na kapacita (MKK), bod znizenej dostupnosti (BZD)
a bod vadnutia (BV). Ekologicka klasifikacia vodného
rezimu sa stanovila podl'a KUTILKA (1971).

K najvyznamnej$im stratovym zlozkam vodnej bilancie
patri intercepcia. Na sledovanej vyskumnej ploche pred-
stavovala v priemere 20-27 % z celkového mnozstva
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zrazok na vol'nej ploche, preukazne nizsie hodnoty (okolo
10 %) sa vyskytovali v obdobi s vyskytom hmlovych
zrazok.

Merania stoku po kmeni potvrdili jeho vel'mi nizky per-
centualny podiel z celkového mnozstva zrazok; pri vSet-
kych meraniach neprevysili 2 %.

Minimalnou stratovou zlozkou vodnej bilancie bol aj
povrchovy odtok, ktorého hodnoty sa v priebehu vysku-
mu pohybovali okolo 1 % zrdzok na vol'nej ploche.

Mnozstvo gravitacnej vody, ktora presiakla do pod-
lozia, predstavovalo 26-35 % zrazok, ¢o mozno odévodnit’
vo vrchnych vrstvach pody silne vyvinutym korenovym
systémom, v strednych a hlbsich vrstvach pody znizenou
vododrznostou pody (> 30 % skeletu).

Evapotranspiracia, vypocitanad z rozdielu pociatocnej
a konecnej zasoby podnej vody, mnozstva zrazok a gra-
vitacnej vody, predstavovala 327-406 mm/rok.

Podl’a stupna prevlhcenia pddneho profilu, trvania pre-
vlh¢enia a stratifikacie vlhkosti pody vytvarali sa v pode
pod smrekovym porastom v priebehu hydrologického
roka tri intervaly vlhkosti. V zimnom, akumulaé¢nom ob-
dobi prevladal uvidicky interval s vlhkostou pddy nad
hornou hranicou hydrolimitu MKK. Na zaciatku vege-
ta¢ného obdobia, na rozhrani zimnych a jarnych mesia-
cov, pri topeni snehu a rozmrfzani pody bol pddny profil
maximalne prevlhéeny. V priebehu d’alSieho obdobia ve-
getacie dochadzalo k postupnému znizovaniu vlhkosti.
Intenzita straty pddnej vody bola zavisla na poveternost-
nych podmienkach, osobitne na teplote vzduchu a pody
a na mnozstve, intenzite a ¢asovom rozdeleni zrazok.
Najcastejsie sa vyskytujicim intervalom vlhkosti vo ve-
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getatnom obdobi bol semiuvidicky interval (MKK —BZD),
pricom optimalne mnozstvo pddnej vody (60—80 % MKK)
saudrziavalo spravidla do konca juna, v zrazkovo zabez-
pecenych obdobiach aj dlhsie. Vystsacia faza vrcholila
v letnych mesiacoch, kedy sa vlhkost' pody, prevazne
v povrchovych vrstvach pody (0-20 cm), znizila az do
oblasti semiaridného intervalu (BZD —BV). ZniZenie za-
sob vyuzitelnej vody do oblasti nedostatocnej zasoby

(<20 mm v povrchovej 20cm vrstve pody) sa vyskytova-
lo len sporadicky, aj to len na kratky cas (< 4-7 dni).
Vzhladom na ocakavany Castejsi vyskyt a dlhsie trvanie
takéhoto vlhkostného stavu moze dojst k znizeniu fyzio-
logickej aktivity smreka a pri pdsobeni d’alsich stresovych
faktorov (napr. vyskyt a premnozenie hmyzich Skodcov)
aj k vyraznejSiemu poSkodeniu jedincov, resp. skupin stro-
mov.
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