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INTRODUCTION

In this paper the authors have presented the results of the second
stage of studies on the influence of grud and pine forest habitat on
productivity of about 50—60 years old undergrowing pine stands in Roz-
tocze. This time a younger stand than that in part I (6) was taken into
consideration. In order to obtain comparative results the authors used the
same investigation methods. Observations were carried out in two forest
ecosystems similar to those studied previously, as far as their habitat and
phytosociological properties are concerned (6).

These studies were conducted under project No 09.1.7.3 and financed
by the Polish Academy of Sciences through the agency of the Institute
of Ecology at Dziekanéw near Warsaw. The financial support and co-
ordination of these studies are gratefully acknowledged by the authors.
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THE STUDY AREA

Similarly as in the previous study (6), two-year investigations were
carried out in two 0.5 ha experimental areas set up in the Zwierzyniec
forest district (former Kosobudy forest district) in Central Roztocze, in
1973 (Fig. 1). One area (denoted area 3) was set up in a grud community
from the Fagetalia order and Querco-Fagetea class with undergrowing
pine, the other, a control area, in the subassociation Vaccinio myrtilli-
-Pinetum typicum of the Dicrano-Pinion glliance, Vaccinio-Piceetalia
order and Vaccinio-Piceetea class (area 4). The distance between the
areas is about 1.2 km and they have undergowing pine stands of the
same age, i.e. 50—60 years, about 10—20 years younger than those in the
previous paper (6).

2 4 A A | " Kosobudy
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Fig. 1. Map of the studied terrain; III, IV — study areas

Area 3 (Fig. 2) was set up in compartment 141 of the top and upper
part of a high elevation (about 60 m of relative height) which is in-
clined at 4° northwards. The differences in relative height on the surface
are 10 m. Brown soil formed from gaizes of cretaceous origin is found
in this area covered with mixed forest of a three-stratum structure (Fig. 3).
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Its stand is pine-hornbeam with an admixture of aspen, beech, maple and
pedunculate oak of 0.8 crown closeness. Distinctly predominating pines
do not regenerate here at all. Seven species are found in the weakly
developed shrub layer (closeness 0.2), of which maple, aspen and black
elder predominate. The herb layer is exuberant and rich in species. Its
48 species reach on the average a closeness of 80%. A distinct predominan-
ce is shown by: Asperula odorata, Oxalis acetosella, Asarum europaeum,
Hepatica nobilis and Urtica dioica. Grud species from the order Fagetalia
and Querco-Fagetea class were observed to dominate distinctly. Plants
of the Fagion and Carpinion alliances, however, occur less frequently.
Pine forest species do not play here any role.
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Fig. 2. Study area (area 3) in the grud community of the Fagetalia order with pine;

1 — receptacles, 2 — stable 0.5 m? areas for estimation of density of species, 3 —
table sites for taking medium soil samples, 4 — soil pits, 5 — basic stands for
microclimatic measurements, 6 — subsidiary stands, 7 — stands for measurements

of solar radiation and light brightness along the transectional lines

Area 4 (Fig. 4) was set up in compartment 216. The terrain is slightly
undulating covered with dunes. The differences in the relative height
reach 2 m. The podzolic soil there is formed of loose sand. The forest
has a 4-stratum structure (Fig. 5). The stand consists of pines with an
admixture of pedunculate oak and mammillary birch of 0.5 crown close-
ness. Its shrub layer is moderately developed (closeness 0.3). Among its
species juniper and alder buckthorn predominate. The herb layer covers
the surface in 70%. In this layer 13 species were found to occur with dis-
tinct predominance of Vaccinium myrtillus, Vaccinium vitis-idaea and Cal-
luna vulgaris. In the well-developed moss layer (coverage of 70%) 7 species
were recorded. Among them, Entodon schreberi and Dicranum undulatum
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show a distinct predominance. Characteristic species of the Vaccinio-Pice-
etalia order and Vaccinio-Piceetea class were found to predominate in the
community. No species characteristic of this association were found.

The general climatic conditions existing in the study area were discuss-
ed in the preceding paper (6); therefore, only a short climatic character-

istics of the study period of 1973—74 has been presented in this paper
(Table 1).

Table 1. Mean monthly values of the selected meteorological elements at Zwierzyniec
in the years 1973—1974

Years 25 T 1 JOOTS be v WA VT ST X I XI XII TYear

0,
Temperature /°C/ 4903 | _3.4 0.8 2,3 7.6 13.8 16,5 18.8 17.8 13.0 6.0 0.8 -1.8
o/ middle day 1978 | 2.3 1.9 3.5 6.6 11.8 15.0 16.7 18,5 13.9 6.4 2.7 1.5

?

8

b/ max /absolute/ 1973 4.9 8.2 20,4 28,0 29.3 29.5 28.1 30.7 29.7 23.0 11.0 10.0 30,
97 5.8 15.0 23,6 20.6 24,0 26.3 30.1 30.7 25.7 4.4 15.2 9.4 30,7

o/ min /absolute/ 1973 | -18.9 -13.3 -13.6 -5.2 2.8 0.0 6.6 -1.4 -1.0 =9,2 -11.9 -20.1 -20.1
1978 | =15.0 =12.2 =8,9 <10,5 =1.6 1.2 5,4 5.6 0.8 =13 =7.1 =7.5 -15.0

Precipitation /ma/ 1573 | 12,5 64.4 30.3 28.5 86.8 117.0 85.7 11.1 62.4 35.8 43,2 48.1 626.2
1976 | 29.2 24,3 6.0 22,6 96.9 173.7 112.5 114.6 1.5 207.6 51.8 78.7 989.4

Vapour preasure 1973 448 5.9 6.0 7.8 12,5 15.2 17,9 15.5 12,9 8.7 5.8 5.2 9.8

/mb/ 1974 4.6 6.2 6.2 7.3 1.8 14,2 15.8 18,5 14,2 9.0 6.7 6.4 10.0
Saturation deficit 1973 0.6 0.6 2,0 3.3 ka1 4,7 8.0 6.3 L 1.6 1.0 0.7 2.7

/md/ 1974 0.7 1.2 2.5 3.2 2.8 3.7 8.1 4.0 2.9 0.9 1.1 0.6 2.3
Relative humidity 1973 | 87 90 &1 7~ l’] ” 84 75 83 86 86 88 a3

/%/ 1974 | 86 a7 7?7 75 83 83 a3 a5 87 N 89 92 85

Trees / /%

Shrubs

Herbs //// /%

s Fig. 3. Structure of the grud com-
) 20 40 60 80 100% Munity of the Fagetalia order with

pine (area 3)

Air temperature was slightly above the mean values of many years,
particularly those in 1974. The monthly maximum temperature in 1973, as
that of many years, was recorded in July and in 1974 — in August, and
it was by about 2°C higher than the mean of many years of this month.
Temperatures higher than the mean of many years were recorded in the
winter period, particularly that of 1974 and in the summer period of 1973.
The annual amplitude of air temperature was nearly by 2°C higher in
the first than in the second year. Maximum temperature was in both
years approximate to the average, whereas minimum temperature was
much higher. The total annual precipitation in 1973 was almost by 100 mm
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Fig. 4. Study area (area 4) in Vaccinio myrtilli-Pinetum; explanations as in Fig. 2
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lower than the average, and in 1974, by about 270 mm higher. In June
and October 1974 record sums of monthly precipitation were recorded.
Accordingly, water vapour tension and relative humidity were higher
than the average.

RESULTS
Microclimatic studies

The method of microclimatic studies conducted in two selected forest
communities in the years 1973—1974 was similar to that used in the
period 1971—1972 (6). The only difference was that measurements of solar
radiation and light brightness were performed only at the bottom of the
forest (1 m above the ground). The measurements were made along deter-
mined transectional lines running through the center of the studied
areas, in all, at 20 points plotted at 5 m intervals (Figs. 2, 4). As previously,
similar observations were carried out in several shaded and lighted places.
In order to compare the microclimatic conditions of the forest and open
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terrain, several measurement series were also carried out in a clearing
beside the forest.

The results of two-year studies in the grud and pine forest point to
considerable microclimatic differences between these communities, which

were manifested particularly in the period of summer weather with
high pressure (Table 2).

Table 2. Mean values of the selected meteorological elements in the grud community

of the Fagetalia order with pine and in Vaccinio myrtilli-Pinetum — from the
measurement series 1973 and 1974; a — transectional lines, b — shaded sites, ¢ —
illuminated sites, P, — area 3, P, — area 4
Difference
Py Ex P, -~ Py
Globan radiation
in cal. om™2, min™1
a 0.0% 0.083 0.052
b 0.030 0,045 0.015
o 0.511 04355 0,044
Intensity light's
in thousand lux
a 1.4 5e3 3.9
b 0.8 3e1 2.33
c 18.1 23.9 5.8
Giebe temperature
in
1cm 1.9 13.4 1.5
10cm AUl 11.6 0.5
20em 10.8 1.2 0.4
Alxr' temperature in °C
Som 18,3 15,6 53
el 4.4 1545 141
S50cm 14.5 15.5 1.0
150ca 14.8 15.6 0.8

The intensity of total radiation in the pine forest measured along the
transectional lines was 2-3 times higher than that in the grud. In the area
not covered with forest, the intensity of solar radiation was almost 6 times
higher than that in the coniferous forest and about 17 times higher
than that in the grud. The highest differences in the daily course occurred
during anticyclonic sunny weather (1, 21). In the morning 2—4 times
higher radiation was recorded in the pine forest than that in the grud,
whereas at noon it was 5—6 times higher. The albedo was higher in the
grud than in the pine forest by about 10% according to the data from
the transectional lines, 5% in shaded places and 2% in lighted places.

The brightness of daylight was almost 4 times higher in shaded places
and on the transectional lines in the pine forest than in the grud. The
highest differences occurred in summer and in May and they were on the
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average twice as high as those given in the table. The brightness of light
in the area not covered with forest was then about 37 times higher than
that in the grud and over 5 'times higher than that in the coniferous
forest.

Air temperature, as that of the soil, was on the whole higher in the
pine forest than in the grud (Table 2), except for cooler periods and
starry nights (2, 15). The highest differences in the thermal regime be-
tween the pine forest and grud occurred in summer. They reached on the
average 3.5°C at the height of 5 cm and 2°C at the height of 150 cm.
In the deforested terrain air temperature was on the average higher than
that in the grud by 5°C at the height of 5 cm and 2°C at the height of 150
cm. In the pine forest these differences were on the average half as low.
At the height of 150 cm over the soil, the diurnal amplitudes reached 19°C
in the pine forest and 13°C in the grud. The diurnal course of air tem-
perature was more equalized in the grud (shallower minima and lower
maxima) than that in the pine forest. Diurnal maxima of air temperature
were on the average by 1.5°C higher in the pine forest than those in the
grud, and diurnal minima on the average by 2°C. In the pine forest the
insolation type (particularly from 9—15) occurred more frequently, where-
as in the grud — the intervention type.

Relative humidity in the grud was by 2—3% higher than that in the
pine forest. In the midday hours in summer the differences reached 20%
at the height of 5 cm and about 10% at the height of 150 em. In spring and
autumn, higher humidity was observed in the pine forest, but these dif-
ferences were half as low as in summer. The diurnal course of relative
humidity was more equalized in the grud than in the pine forest. In both
ecosystems the wet type dominated in vertical stratification. Vertical dif-
ferentiation of moisture was higher in the grud. Water vapour pressure
showed slightly higher values in the pine forest, on the average by 0.5
mb at the height of 5 cm and 0.1 mb — at the height of 150 cm. Higher
differences in the values of this element were recorded in summer —
up to 2.5 mb. In the midday hours those differences reached in some cases
9 mb. In deforested terrain (in summer) a higher water vapour pressure
was recorded than in the grud and pine forest. These differences general-
ly exceeded 2 mb.

Pedological studies

Ctomparative analysis of the results of two-year studies indicates that
the investigated forest communities grow on different soils with regard

to type, physico-chemical properties and fertility (Figs. 6—10, Tables
3—5).
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Fig. 6. Reaction of the humus-accumulation horizon of the soil in the grud com-
munity of the Fagetalia order with pine (area 3) and Vaccinio myrtilli-Pinetum
(area 4)

In the grud shallow brown soil was found with mechanical composi-
tion of usually light, weakly sandy loam formed from cretaceous gaizes,
whereas in the pine forest — podzolic soil formed from loose sand. Its
specific gravity, volume weight and permeability turned out to be smaller
than those of the soil in the pine forest. Moreover, its permeability in con-
trast to podzolic soil decreased with the depth of the pit.

In both study years great oscillations in humus content were observed
in the humus-accumulation horizon of the soils; e.g., in 1974, it was 2.2
as high in site 16 in the grud as in site 17. Humus content of the mull
type, rarer of the moder type, averaged 7.02% per pit in the grud com-
munity, whereas in the pine forest one — 4.8% of the moder type.

The acidity rate of the brown soil was lower than that of podzolic
soil. In both areas acidity decreased with the depth of the pits. During
the vegetative period, soil pH in the pine forest remained almost on the
same level, whereas in the grud considerable differences in acidity were
found in some places of the area, particularly in the horizon of browning.
They were presumably caused by the occurrence of weathered limestone
leached in various degree. In this connection changes in the content of
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Fig. 7. Soil pits in the grud com- i
munity of the Fagetalia order
with pine (area 3, F—H) and in
Vaccinio myrtilli-Pinetum (area
4 ,I—K); 1—litter A, 2 — humus- "
-accumulation horizon A,, 3 —
horizon of browning (B), 4 —
rotten mosses Ay, 5 — eluvial

hcrizon Ay, 6 — illuvial horizon 5 [[m]] 6 7a ! 7b

B, 7a, b — parent rock C

calcium carbonate of the range 0.42—11.10% were found in the horizon
of browning, in study sites 18, 19, 22, 23 in the course of two-year studies.

In both study years the content of available phosphorus and potassium
appeared to be much higher in the soil of the grud than that in pine
forest. However, it was found to fluctuate considerably in the particular
genetic horizons of the soil in different sites of both areas, during the
vegetative period as well as in the course of two-year studies. Taking into
account the average amounts of these compounds occurring in the parti-
cular genetic horizons, it was found that their level in all horizons of
podzolic soil was low, that of P,O; in the humus-accumulation horizon
of brown soil — medium, and that of K,O — high, that of P,Os in the
horizon of browing — low, and of K,O — high in 1973 and medium
in 1974.

The content of Fe,O, was much higher in brown soil (particularly
in the horizon of browning) than that in podzolic soil. Furthermore, unlike
in the pine forest, considerable changes in its content were observed in
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Fig. 10. Mean sorptive capacity and content of some exchangeable cations in the
soil of the grud community of the Fagetalia order with pine (area 3) and Vaccinio
myrtilli-Pinetum (area 4) in 1973; explanations as in Fig. 8

the grud in three study terms. In both soil types the amount of iron
was found to increase with the depth of the pits, while in podzolic soil
its highest concentration occurred in the illuvial horizon. _

The percentage content of nitrogen proved to be highest in the humus-
-accumulation horizon of both soils. In the course of studies, in the pine
forest its considerable changes were observed, and it was at the same
time lower than those in the grud.

The soil in the grud, as compared to that in the pine forest, is charac-
terized by higher sorptive capacity and content for exchangeable cations,
except H*. At the same time it is characterized in most cases by different
dynamics of these elements during the vegetation period; in the grud.
(particularly in the horizon of browning) their highest concentration
occurred in the second term of studies, though it was found to be the
lowest in analogous period in the pine forest.

Fig. 9. Mean content of some mineral substances and pH in the soil of the grud
community of the Fagetalia order with pine (area 3) and Vaccinio myrtilli-Pinetum
(area 4) in 1974; explanations as in Fig. 8
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Table 3. Physical properties of the soil in the grud of the Fagetalia order with
pine (area 3) and Vaccinio myrtilli-Pinetum (area 4)

Ll
Barth partas in % g
8 7
8 o bel
g |4 B e
;E': 3 3 » °g
IR 3 il 8 | e
Pal A (=] [ 8 ] = 0
g HE R ERREIEIR: § 2
Y 2 . ~ ° <
£ © - (i’ P
TR ERE MR IEE RS
S| al & 7 I L = I = I I & > &
g | 210 | 3.9] 30} 8 |21 [12 [10 {19 [2.4452 | 1.2783 | 0.0m8
25-35 [65.5 44 | 7|16 |12 |10 {14 [2.4932 |1.3010 | 0.0007
1 |e | 210 3.5{ 3510 20 |12 | 8 15 [2.4348 [1.2085 [ 0.0028
25-35 |67.5| 43| &8 |16 [13 | 9 |11 [2.5121 | 1.2951 | 0.0006
g | 20| sai32]9]21[16 | 8 |15 |2.4520 | 1.2345 | 0.0023
25-35 |es.0| 42| 8 [17 |13 | 7 |13 |2.5053 |1.2891 | 0.0009
515 | o.0l8f6f 5| 2| 2] 3 |2.4569 |1.4851 ] 0.0038
g (1525 0009313 | 2| 1] 0| 1]2.4798 |1.5428  0.0158
3545 | 0.0/ 93]2| 1] 1| o] 1 |2.5228 |1.6428 | 0.0182
- 75851 0.0l 96|1{ 0| 1] 1] 1 |2.6307 |1.7389 | 0.0280
5-15 | 0.0 78|a| 8] 2| 1 | 7 |2.4687 |1.4678 [ 0.0035
g |15-25 | 0.0f9513| of 1] o1 [2.4815 |1,5265 | 0.0136
35-45 ] 0.0l93|1 ]| 2| 2| 1] 1 |2.5168 {1.6272 | 0.0167
75-85 | 0.0]96|1| 1} 0] 1] 1 |2.6593 |1.7520 | 0.0259

I - Community from order Fagetalia with pine.
II - Vaccinio myrtilli-Pinetum

A higher spatial variation of the soil was observed in the grud. In this
connection a higher differentiation of the soil occurred with regard to
morphology, physical properties, acidity rate, humus content, moisture
and the content of the nutrient components studied.

As regards morphology and physico-chemical properties, the soil of
both communities come closer to soils of this type from Roztocze (4, 5, 6).

Microbiological studies

Two-year microbiological studies showed that bacteria were the domi-
nating component of microflora in the litter of the grud (area 3). Their
number reached 65 million cells in 1 g of litter in part G; (Table 6, Fig. 11).
They are high values but not the highest for these communities. M alic-
ki (5, 12) gave much higher numbers, but they were obtained by direct
methods of counting. However, he reported that he had obtained much
lower values similar to those of the authors and Zim n y (26, 27, 28) when
using corresponding methods in studies of forest soils of Central Roztocze.
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Area 3 Area 4
B T
A . .
. 7 X . X . . .
s : .
7 /A

s} 2

10 20 30 40 S0m

Fig. 11. Areas for microbio'ogical studies of litter in the grud community of the

Fagetalia order with pine (area 3) and Vaccinio myrtilli-Pinetum (area 4); 1 —

part G, and B,, 2 — part G, and B,, 3 — part G, and B;, 4 — sites of sample
taking, 5 — study sites of cellulose decomposition

Among the physiological groups, the most numerous were ammonifiers
and denijtrifiers. The number, particularly that of the former, had a great
influence on the total number of bacteria. A high predominance with
regard to the number of fungi over Actinomycetes results presumably
due to their great participation in mineralization of the litter. The grud
area proved to be not uniform from the microbiological point of view.
The richest microflora was found in sites with higher pH (part G;). As
compared with other parts, a great number of cellulolytic organisms
was found here. The rate of cellulose decomposition, which was the
highest in this place in both study years, confirms the above mentioned
observations (Table 6).

The coniferous forest litter is poorer in microflora, particularly in
the bacterial component pcssessing higher requirements as far as the
habitat is concerned, which, however, dominated here. Its predominance
over fungi was not so great here as it was in area 3. Ammonifiers, being
most numerous among the physiological groups, were found even in
smaller numbers than fungi in some months. The average number of both
groups was only two times smaller than the total number of bacteria.
Much fewer denitrifiers and Actinomycetes were found, and number of
cellulolytic organisms did not exceed dozens or rarely several hundred
cells in 1 g of litter. Differences in the numbers of microorganisms of the
particular groups were also found within the whole area studied. The
richest microflora was recorded in part B; and the poorest in part B,.
These numbers correlated with the rate of cellulose decomposition
(Table 6). The litter of either area differed in number of microorganisms,
mineralization rate and mean annual moisture. In area 3, more bacteria,
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Table 6. Number of microorganisms, litter moisture and decomposition rate of
cellulose in the grud community of the Fagetalia order with pine (area 3) and

Vaccinio myrtilli-Pinetum (area 4) in the years 1973—1974; o — total number
of bacteria, g — fungi, p — Actinomycetes, a — ammonifiers, d — denitrifiers,
¢ — cellulolytic organisms, w% — moisture in %, rb — cellulose decomposition:
+ — decomgosition traces, ++ — weak decomposition, + ++ — medium decom-
position, + + + + — strong decomposition
Be. ¢f micro-urganisas ia 1000:;0: 1 g of foreat floor
g E 19.1IV. 19.V1. 19.VIII, 19.X. 19.X1.
1973 1974 1973 1974 1973 1974 1973 1974 1973 1974
a 15000 9500 15000 15000 9500 20000 11500 20000 9500 11500
8 400 Jso 950 150 950 1150 150 11% 400 15
) 16 4.5 2% 20 20 25 o 35 15 16
a a 11000 9500 9500 11000 1500 11000 9500 11500 6500 9500
1] ¢ 1500 1150 1%00 1500 1150 2000 1500 2500 950 950
a 40 Jo 95 95 65 93 15 95 s 40
b *e o ep *tee
L] J2.26 .16 J35.99 37.15 9.0 35.14 35.57 .52 29.0)
o 2 16000 25000 25000 16000 20000 20000 25000 500 20000
e 160 250 250 250 200 950 300 750 118 1%
» 4 1 9. Ta5 16 1 7.5 11 J.5 4.5
5 el ® 9500 7500 9500 9500 7500 9500 7500 9500 6500 7500
s 2| 4 2500 115% 4500 4000 500 4000 Js00 4500 2000 3Jooo
a 7.5 9.5 9.5 9.5 9.5 1" 1.5 195 6.5 L
b see 00 *ee e
i 5.1 28.71) J).18 3a.68 268.37 J9.08 34.35 34.89 31.48
e 40000 40000 45000 65000 45000 40000 45000 16000 2
2 200 200 a0 350 400 650 45 1150 400 11%
) J 4 .5 2% 9.5 20 2% 15 16 1.5 16
a a 30000 30000 25000 30000 20000 25000 25000 30000 11500 20000
)| e 2000 2500 1500 2000 2000 2500 2500 2500 1500 1100
.J 95 118 150 160 95 150 140 150 Js 95
» *eee L s e ‘004
41.2) 37.08 .22 3.2 30.01 @ 36.15 8.5y 14417
e 4000 3500 4500 4500 3%00 4000 4500 3500 2000 3500
e 950 9% 2000 2000 2000 2500 2%0 39500 1150 1500
a|? 75 10 95 119 95 110 75 95 (1} 15
1 a 2000 1500 2%00 2000 2000 2000 2000 2500 1500 1150
[} 200 150 150 200 150 200 250 oo 150 200
e 0.02 0.095 0.045 0.09% 0.02 Q.11 0.015% 0.095 0.007 0.03
b . e * *e
i 22,17 23.3% 29.95 33.99 24.28 32.11 30.12 31.18 28.09
(] 2500 1500 1500 1500 1500 2500 1500 3000 11% 2000
& 9% 1% 11% 1500 1500 2000 11% 2500 50 9%
» i 3s s 30 [+ 45 a5 65 3s 48
Y a 1500 1150 1500 1500 950 1500 115 1500 950 115%
2| 4 150 150 150 1%0 15 160 160 200 140 140
e 0.03% 0.045 0.025 0.045 0.025 0.075 0,035 0.025 0.011 0.014
rh * - * L e
[} 17.91 19.17 19.04 J1.19 16.85 27..43 20.42 27.42 29.06
L] 9500 7500 9500 9500 7500 9500 9500 11000 6500 6500
I3 3000 2500 4%00 4500 4500 6500 4500 4500 1500 2000
» (1] 110 250 110 3oo 2% 2%0 3ao Joa 250
2 a 4500 Jooo 4500 3500 4000 4500 4500 4%00 3500 3500
3| 4 2% 140 200 250 200 2% 150 Jso 150 2%
L] 0.15 0,055 0.095 0.14 0.115 0.25% 0.07 0.1 0.065 0.075
rd - el L ad +e
i 39.68 34.61 31,51 36.12 26.14 J0.%8 30.72 35.69 J2.74

ammonifiers, denitrifiers and cellulolytic organisms, whereas in area 4 —
fungi and Actinomycets were found. Cellulose decomposition was faster
in area 3. Also mean moisture of the litter was higher in the grud. The
observed differences occurred in both study years despite quantitative
changes of microflora observed in that period, because their tendencies
were the same in both areas. In the first year of studies the smallest
number of microorganisms was found in the summer months, more in
spring and autumn. In the second, however, the number of microorgan-
isms of almost all groups increased in the summer and autumn seasons;
a little fewer microorganisms were observed in April. The summer and
autumn 1974 were rich in precipitations which considerably increased
litter moisture (particularly in the confierous forest) and presumably
created in it conditions of limited organic availability of oxygen (5). Water
facilitated the use of substrate and contributed to general increase in the



Influence of Habitats of Two Forest Ecosystems...

17

Table 7. Number of microorganisms and moisture in the particular genetic horizons
of the soil in the grud community of the Fagetalia order with pine (area 3) and

Vaccinio myrtilli-Pinetum (area 4) in the years 1973—1974; n — nitrifiers, other
explanations as in Table 6
a No. of micro-organisms in 1000a per 1g of soil
g g 19.V. 19.VII. 19.1X.
)
“1 8 *1973 1974 1973 1974 1973 1974
o 4500 4000 2500 4000 4500 4500
g 150 150 200 350 450 450
P 3.5 3 3.5 3.5 2.5 3.5
L] 2000 1500 2000 2500 2500 2500
1{d 300 300 450 350 250 450
o 0.3 0.25 0.16 0.25 0.25 0.25
n 0.32 0.23 0432 0.18 0.48 0.18
5 wi 33.70 29,66 30.74 37.51 16.79 39.18
o 2500 2500 900 2500 2500 3500
g 75 65 90 150 90 140
P 0.7 0.95 3 4 0.11 st
B | @ 2000 1500 1150 2000 2500 2000
43l (wa 95 75 70 95 45 95
o 0.011 0.015 0.015 0.015 0.007 0.016
n 0.023 0,02 0.028 0.014 0.048 0.02
wk 32.19 28.34 31.08 37.29 19.89 36.63
° 3500 3000 3500 3500 4000 4000
g 450 400 650 750 950 1150
p 4 3.5 4.5 4.5 4.5 745
A le 950 1100 900 1100 700 1150
1]d 16 1.5 11 15 9 1%
° 0.014 0.011 0.009 0.014 0.025 0.025
= = - X = e =
wi 19.31 21,21 23.18 30,27 17.37 31.48
° 15 140 150 160 90 150
8 90 45 115 110 25 140
P 0.45 0.3 0.3 0.65 0.45 0.75
A |8 70 65 65
2|d 3.5 3 2
c 0.007 0.006 0.003 0.009 0.005 0.011
R - = b a = =
i 10.66 12,03 14.57 28.81 4.65 23.07
3 o 160 150 150 160 90 110
8 45 35 45 65 45 45
P 0.11 0.1 0.11 0.14 0.15 0.16
B |9 65 65 65 15 35 15
Chy 1.5 e 1 11.5 1.5 9.5
Gl 0.002 0.002 0.002 0.007 - 0.007
n ! = - - - - -
wh | 7.5 7.54 11.05 26429 4.57 15.52
o i 14 9.5 Te5 9.5 9 11.5
g 0.7 0.65 1.4 i 0.4 0.95
P 0.035 0.045 0.045 0.45 0.07 0.065
o |8 2.5 2.5 2 2.5 3 3.5
d 0.35 0.25 0.2 0.45 0.15 0.3
e - - - 0.02 - -
| ws 6.98 .83 10.31 1.1 2.83 6.11
|

number of all groups of microorganisms, particularly denitrifiers, except
Actinomycetes. Also the rate of cellulose decomposition increased.
Studies of the other genetic horizons of the soil of both areas showed
a decrease in the number of organisms of the individual groups with the
depth (Table 7). Only denitrifiers slightly deviated from the general ten-
fiencies, a larger number of which was found in the illuvial than eluvial
norizon, as wel as Astinomycetes (more of them in the parent rock than
in the illuvial horizon). The microflora of the grud soil is richer in a great-
er number of nitrifiers. In the pine forest soil only fungi and Actino-

2 Annales, sectio C, t. XXXIT
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mycetes were found to occur more numerously. Also soil moisture decreas-
ed with the depth, which was always higher in the grud during the two
study years. The observed regularities were characteristic for both years,
despite quantitative differences which occurred in that period. In 1974,
the number of microorganisms of almost all groups increased in the soils

10 202921018253 10 202011 20301020 2 1. 27 & 2% 1 26 13 2
m v v vi vil il ix X Xl XH

Pinus silvestris a

Juniperus communis b
Picea excelsa b

Quercus robur b

I

Frangula alnus b

Luzula pilosa

Vaccinium myrlillus SR y

Festuca ovina

Trientalis europaea
Melampyrum pratense : L
Solidago virga-aurea

Vaccinium vilis-idaea

Calluna vulgaris
Luzula multiflora
Dryopteris spinulosa
Frangula alnus ¢
Pinus silvestris c
Lycopodium annotinum

| {1111111:.

100 30 80 70 60 SO 4 0 20 10 5%

Fig. 13. Phenological spectrum of Vaccinio myrtilli-Pinetum (area 4); explanations
as in Fig. 12

F'ig. 12. Phenological spectrum of the grud community of the Fagetalia order with

pine (area 3); 1 — young leaves, 2 — flower buds, 3 — flowering, 4 — young fruits,

5 — ripe fruits, 8 — leaves fully developed, 7 — leaf fall, 8 — dormant period of
trees and shrubs
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of either community. Moisture of the other genetic horizons increased
more distinctly than in the litter, twice as much in some of them. This
had a negative effect on the growth of nitrifiers the number of which
decreased, as compared with the preceding year. In 1974, the largest
number of microorganisms was found in July and September, whereas
in 1973 — in May and September (Table 7).

Phenological observations

In the grud (Fig. 12) the herb layer began to grow with flowering of
Hepatica nobilis in the middle of March. In April, other early-spring
species — Anemone nemorosa, Pulmonaria obscura, Asarum europaeum,
whereas in May — Asperula odorata and Galeobdolon luteum were flow-
ering. Other herb layer species were growing and flowering in the
summer period. By the end of August the plants began to die down. The
vegetative period in the grud closed about the middle of November.

In the pine forest (Fig. 13) the vegetative period started a few days
later than in the grud with the appearance of the first sprouts of Luzula
pilosa, the maximum flowering of which took place in April. The dominat-
ing flowering in May is that of Vaccinium myrtillus and Trientalis euro-
paea. In summer, Festuca ovina, Melampyrum pratense and Solidago
virga-aurea were observed to flower successively. In the middle of August
Calluna vulgaris began to flower and the first species started to die down.
The pine forest herb layer closed its vegetation in the middle of Novem-
ber, too.

Table 8. Species distinguishing phenological seasons in the studied forest communities

Phenological | Comaunity from order | Vaccinio myrtilll
period PFagetalia with pine { -Pinetum
Antyspring Hepatica nobilis -

Early epring | Anemone nemorosa Lusulq pilosa
Spring Asperula odorata Vacoinium myrtillus
Barly summer | Urtica diocica Peatuoa ovina
Summer Mycelia muralia Melampyrum pratenae
Rarly autumn - Calluna wvulgarias

The present observations resulted in distinguishing 7 periods in either
area which approximately correspond to phenological seasons of the year
(11). The time of their duration was similar in both study years. Each
period was characterized by flowering of definite herb layer species
(Table 8). Similar indicatory species were also given by Falinska (3).
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Productivity of the herb layer
and biomass of mosses

In the grud community of the Fagetalia order with pine, 48 species
of the herb layer were found in 1973, and 49 in the next year (Table 9).
The highest frequency (50—100%) of Ouxalis acetosella, Viola silvestris,
Asperula odorata, Asarum europaeum and Acer pseudoplatanus was re-
corded in 1974. During two successive years of the studies no changes in
the frequency of 20 species were found, though it slightly decreased in
13 and increased in 4 species. Ten plant species did not occur in an area
of 17 m2 (34 circles).

Table 9. Frequency, density and productivity of the herb layer in the grud com-
munity of the Fagetalia order with pine (area 3) in the years 1973—1974

R P SERCN3Res CE30eANeEEEARCNACIIERARSSRENISCITAE A RILNDACTERES =eeq
Frequency Average density Individual ave- Net production
in £ per ha rage incresae in kg/ba
Plant spacies M:l?z;:'
1973 1974 197345 1974 1973 1974 1973 1974
biccssnemscewansansszanacannahcr25230308sss3003 032 02000sas0asss2Es5sns2m23s0am 2330 0aRasassnnsguaonaTaY
Aoperula odorata 85 82 572300 458823 0.1284 0.0970 73.483 44.506
Asarum europaeum 65 59 127600 114117 0,2885 0,2220 36.813 25,334
Geranium robertianum 38 47 68200 100000 0.5215 0.1980 35.566 19.800 clump
Oxalis acetosella 100 100 3039400 2948823 0.0096 0.0186 29.178 54,848
Viola eilveatris 37 85 141100 87647 0.1720 0.1590 24,269 13.936 | clump
Moehringia trinervia 21 15 141800 34705 0.0525 0.C490 7.445 1.701
Galeobdolon luteum 18 18 45200 24117 0.1390 0.1300 6,283 3.135
Anemone nemoroea 35 32 65200 70000 0.0602 0.0503 3.925 3.521
Galium vornum 21 18 48800 29411 0,0407 0.C945 1.986 2.779
Urtica dioica 18 18 35900 23529 4,2005 3,1580 150.798 74.305
Galeopais pubeacena 12 12 9400 41176 1.3760 0.6500 12.934 26.764
Pulmonaria obacura 24 22 19400 13529 0.6560 0.7780 12.726 10,526 | clump
lathraca aquamaria 9 5900 1764 1.6160 1.6470 9.534 2.905
Vicia silvatica 18 9 5800 1764 1.6140 1.5008 9,361 2.647
Rubus ideeus 3 6 3500 4117 2,3225 3.,1200 8.129 12.845
Sanicula eurcpaea 12 12 5300 4117 0.9690 0.3680 5186 1.515 | clump
Pragaria vesca 24 24 18800 14705 0.2308 0.3140 4.339 4.617 clump
Mycelis muralia 12 12 6500 3529 0.6530 0.€420 4.245 2.266 | clump
Acer pseudoplatanua ¢ 44 62 15200 51764 0.2260 0,1360 J.435 7.040
Sambucus nigra ¢ 12 6 3500 1764 0.8862 0,8220 3.102 1.450
Rubua hirtuas 6 6 1200 1176 2.8590 5.2750 J.40 6.203
Hepatica nobilia 26 26 15300 15882 0.2110 0,3020 3.228 4.796
Veronica chamaedrys 12 12 27000 6470 0,1343 0,1362 3.626 0.881
Lathyrus vernuas 12 9 10000 9411 0.,3632 0.3670 3.326 3.454
Galium aschultesii 1] %) 12900 14705 0.2060 1.8440 2.657 27.116
Carpinua betulus ¢ 36 9 11800 1 0.2163 0.1908 2.552 0.337
Dryopteris apinulosa 7] 3 4700 2352 0.4390 0.6000 2.063 1.411
lathyrua niger 3 S 2300 1176 0.8435 1.1320 1.940 1.3
Circaea lutetiana 9 9 7c00 11176 0.2590 0.7145 1.813 7.985
Euphorbia amygdaloides 3 3 600 583 2.6720 2.2160 1.603 1.303 clump
hinnthlmum bifolium 18 15 21800 15882 0.0634 0.0740 1.382 1,175
Polygonntum multiflorum %) 3 3500 3529 0.3450 0.3866 1,208 1.364
Epilobium montanum 6 6 2300 2352 0.4820 0.4820 1.109 1.134
Aegopodium podagraria 3 3 35C0 10588 0.3125 0.4550 1.094 4.818
Cerasus avium o 9 6 1800 1176 0. 33835 [Ak 4193 0.600 0.486
Populue tremsla o 6 12 1800 2352 0.1840 0.2992 0.331 0.704
QAnx digitata 5} 3 1200 1176 0.1450 0,0340 0.174 0.040 alump
Stachys ailvatica B . 538 116 1.6810 1.2540 0.904 0.146
Actaea apicata . . 116 66 2.3180 2.9280 0.269 0.193
Dryopteris filix-mas . . 198 120 1.9400 1.2100 0,384 0.145
luzula piloea & g 400 6 0,0700 0.1100 0,280 0.001
Auga reptana & 3 356 588  0.3800 0,3104  0.135 0,183 | clump
crophularia nodosa o 5 40 10 2.2550 1.3368 0,090 0.013
Paris quadrifolia 3 5 154 74  0.1693 0.3250 0.026 0,024
:gnna mezereum . . 30 2 1.0428 2,7000 0,031 0,005
) YTium £114ix-femina . - 18 160 1.1890 1.0700 0.093 0.171
_._’:;'nclum murorum ¢ . 72 66 0.7980 0.5520 0,057 0,036 | clump
E ttia melimamophyllum . . 44 28 1.,0020 0.7240 0.044 0.020
@agua silvatica - 12 - 5294 - 0.1340 - 0,709
L AsEiTotaT 4509526 4137686 477.443 82,624 ]
Gtssacsacns aaces NS SEEENUEEUESSETEATSNCERISERSsEansanvdesanes
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Plant density in the herb layer of the grud proved to be high; besides,
a decrease in 33 species by 371 840 specimens/ha was found in the second
year of the studies. Among the dominating species that density decrease
concerned mainly Oxalis acetosella, Asperula odorata, Viola silvestris,
Asarum europaeum and Urtica dioica. A slight increase was simultaneous-
ly found in Geranium robertianum. It is worth stressing that the first
4 dominating species in Table 9 constitute 87 and 89% of all specimens
in the two successive years of the studies. In general the density of the
herb layer species increased with an increase in their frequency.

The average index of annual increment of individual plants in the
grud did not exceed 1 g in 34 and 35 species in two successive years,
whereas in the other plants that increase was higher. It was particularly
high in Urtica dioica, Rubus hirtus, R. idaeus, Actaea spicata and Eu-
phorbia amygdaloides. Comparing the annual volume increase of the in-
dividual plants in both study years, its slight decrease was found in some
species and a slight increase in others.

The total net productivity of the herb layer in the grud of Fagetalia
order with pine decreased in the second year of the studies by 94.819 kg/
/ha, i.e. by over 19%. In most cases that decrease resulted both from
density decrease and individual annual volume increment of the majority
of herb layer species. In both study years the productivity value was
determined by the dominating plants; the productivity of the first 5 spe-
cies in Table 9, including Urtica dioica, was over 73 and 61% of the total
grud herb layer productivity in 1973 and 1974, respectively.

In the subassociation Vaccinio myrtilli-Pinetum typicum 13 herb layer
species and 5 mosses occurred (Table 10, 11). The highest frequency (50—
100%) was recorded in Entodon schreberi, Dicranum undulatum, Luzula
pilosa, Vaccinium myrtillus, Festuca ovina and Pinus silvestris in 1973.
Changes in the frequency of the majority of the species were small; they
were 15% only in Dicranum undulatum and Pinus silvestris c.

Plant density in the herb layer of the pine forest increased by over
21% in the second year of the studies. That density increase was found
in most herb layer species, particularly distinctly in Festuca ovina, Vac-
cinium myrtillus and Luzula multiflora. A slight density decrease was
found mainly in Calluna vulgaris and Vaccinium vitis-idaea.

The index of annual increment of individual species proved to be
small and it did not exceed 0.5 g in most cases. An exception was Solidago
virga-aurea which gained over 1 g in 1974.

The total productivity of the herb layer in the pine forest decreased
in the second study year by 38.396 kg/ha, i.e. by over 12% in relation
to the state in 1973. That decrease was determined above all by de-
creased indices of individual increment of the particular species. Similarly
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Table 10. Frequency, density and productivity of the herb layer in Vaccinio myrtilli-
-Pinetum (area 4) in the years 1973—1974

B & = w2 S R S, s semsss s ssasssEEETEEssssESEsE IS NSNS EAssslaNSSsSenannanntaapIneannnay
Frequen- Average density Individual ave- Net production
n cy in A per ha rage increase in kg/ha Anno ta-
ant species in g tions
19735 1378 1B73% {514 1973 1974 1973 1974
beansssesmssezsnczaznas
Vaceinium myrtillus 65 65 580000 684000  0.3305 0.1650  191.690 112.860
Calluna vulgaris 40 35 140000 138000 0.2420 0.2541 33.880 35.066
Vaccinium vitia-idaea 40 35 187000 141000 0.1385 0,0910 25.899 12.831
Melampyrum pratense 15 80 105000 172000 0.2031 0,1400 21.325 24.080
Lugula pilosa 65 T0 116000 177000 0.1485 0,1750 17.226  30.975 | clump
Pestuca ovina 50 50 329000 541000 0.0414 0,0885 13.625 47.878 | clump
Trientalis europaea 15) $15 37000 37000 0.0775 040690 2.867 2.553
Pinue silvestris c 60 35 31000 20000 0.0290 0,0608 0.899 1.21
Frengula alnue ¢ 25 25 12000 10000 0.0910 0,1240 1.092 1.240
Solidago virga-aurea 515 1000 1000C 0.7670 1.0314 0.767 1,031
Luzula multiflora 5 515 10000 50000 0,0600 00,1000 0.600 5.000 clump
Dryopteris epinulosa OF = I8 206 206 0.9520 0,3140 0,196 0.065
Lycopodium annotinum . . o . . . 5.145 2,016
Total 1548206 1971206 315,207 276.811
S B i e L )

Table 11. Frequency and biomass of mosses in Vaccinio myrtilli-Pinetum (area 4)
in the years 1973—1974

e TP PY LY P PP LT YT
1 k‘r;}lu’zncy Biomass 1n kg/ba
Flant apecies
1873 £1974 1973

2 SRS E AN ARSI S I L N S LT N SN AT E SN SN NN SRR A=
Entodon schreberi 90 95 690.000 829,500
Dicranum undulatum 80 65 266,250 189.250
Hylocomium asplendena 10 15 4.000 22,000
Dicranium scoparium i in 5) 10 1.790 29,800
Total 962,040 10704550

azasmmmsssssccssssazzssascoadesssssssasssas ssEsEErsssssssssssasEl

as in the grud, the value of total herb layer productivity was determined
by the dominating plants; the productivity of the first 6 species in
Table 10 was over 96 and 95% of the total herb layer productivity in 1973
and 1974, respectively. A large biomass was found in mosses, which in-
creased by 108.51 kg/ha in the second year of observations. In the two
successive years of observations it was respectively 1.3 and 1.9 times
higher than the total herb layer productivity in the pine forest. The pro-
ductivity of mosses (24) was in the two successive study years 320.680 kg/
/ha and 356.850 kg/ha respectively, i.e. it was higher than that of the
herb layer by 5.473 kg/ha and 80.039 kg/ha, respectively.

The productivity values of the herb layer and mosses were effected
by weather anomalies which occurred particularly distinctly in 1974.
This concerns mainly precipitation and moisture, deficiencies of which
occurred in spring and their excess was observed in June, July and
September. They resulted in the increase of the biomass and productivity
of mosses in the pine forest, but a long lasting cloudiness weakened pho-
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tosynthesis and presumably caused a general productivity decrease of
the herb layer in that year.

The total productivity of the herb layer in both forest ecosystems
proved to be higher than that in the grud (5, 7, 10, 18, 23) and pine com-
munities (16, 24, 25), being more closely related from the floristical point
of view. However, it was lower than the productivity of the herb layer
in similar forest communities at Panaséwka in Central Roztocze (6).

Productivity of organic fall

Samples of organic fall were taken in the period from May to De-
cember, 1973, and from January to December in the next year. The
amount of fall depended on floristic composition and density of the stands.
In both areas pine needles dominated decisively; in the grud they con-
stituted 38 and 30% of organic fall in the two successive years of the
studies, respectively, and in the pine forest 63 and 58%, respectively
(Tables 12—15). The second place with regard to the percentage content
was taken by small twigs and bark. The culminating month of organic
fall was October. An exception was the year 1973 in the coniferous
forest where the highest amount of fall was observed in September.

The amount of organic fall from the second year in the grud was only
by 3% smaller than that in a similar forest type, in Central Roztocze,
studied in 1972 (6). It was equal to the collection from an oak-hornbeam
forest in Slovakia (9) as well as to the mean value from 4-year studies in
the beech-fir-hornbeam forest in the reserve at Obrocz (5). However, the
organic value obtained in our studies was higher than that in the studied
fragments of Tilio-Carpinetum (14, 24) and Fagetum carpaticum (14).

The amounts of organic fall in the coniferous forest in both years of
the studies were respectively smaller by 28 and 36% than those in the grud.
The annual organic fall from 1974 studied simultaneously was approxi-
mate in its value to the collection obtained in the Vaccinio myrtilli-Pine-
tum from the Kampinos Forest (24) and was by 436.4 kg/ha higher than
the organic fall from the pine forest at Panasowka (6).

Chemical composition of the herb layer,
mosses and organic fall

The herb layer species of both communities contain much potassium
and nitrogen, but considerably lower amounts of other elements. The
highest amounts of all the investigated elements were in: Urtica dioica,
Galeobdolon luteum, Sambucus nigra c¢, Vicia silvatica in the grud,
and in Melampyrum pratense, Solidago virga-aurea and Trientalis
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Table 14. Composition of organic fall in Vaccinio myrtilli-Pinetum (area 4) in 1973
Leavea Leavea Leaves Conea Bark Leaves Leaves
Months of of of of and of of Other Total
pine apruce Juniper pine twigs biroh oak
v 136.1 1.0 0.3 11.86 110.8 - - 0.7 260,70
VI 175.8 0.7 0.2 104.0 157.2 0.2 - 67.7 505,80
VII 91.2 0.4 0.3 15.8 128.5 0.3 = 19.5 256.00
VIII 182.3 0.1 - 9.5 1343 2.5 = = 328.70
IX T49.6 5.5 0.2 15.7 753 1.0 1.9 20.7 869.90
I 625.9 1.1 5 - - 76.8 1.5 21.7 1.9 728.90
s
II-XT11 275.5 1.4 0.5 3.5 282,3 0.2 8.8 6.5 578.70
Total '2236.4 10.2 1.5 160.3 965.2 S5e¢7 32.4 117.0 3528.70
Table 15. Composition of organic fall in Vaccinio myrtilli-Pinetum (area 4) in 1974
Leaves Leaves Leaves Cones Bark Leaves Leaves
Montha of of of of and of [} Other Total
pine spruce Juniper pine twiga birch psk
I 9.5 0.2 0.1 - 52.9 - - 3.4 66.1
II 21.6 0.1 0.03 - 23.3 - 0,03 34 48.46
III 39.6 0,2 0.1 0.3 517 - - 0.7 92.6
1v 7642 - 0.1 10.1 128,4 0.1 1.2 1.4 217.5
v NnN.? 1.1 0.2 134 50.9 0.1 - 11.5 168.9
vI 135.4 0.6 0.2 111.2 7.5 0.8 0.1 43.1 362.9
VII 87.9 1.4 1.5 112.1 114,.6 0.9 0.2 19.8 338.4
VIII 122.1 - 045 18.2 44 .4 0.1 0.1 4.5 189.9
Ix 424 .1 6a4 141 8.2 15.6 0.8 3.0 2.4 461.6
p ¢ 799.9 144 0.1 9.5 117.7 - 21,2 1.9 961.7
X1 66.0 3.9 0.2 12.1 35.1 - 14.0 2.4 133,7
IIx 56.1 13 0.1 36.4 188.9 - 0.9 3.0 286,7
Total 1930.1 16.6 4,23 Sfil ) 895.0 2.8 40.73 107.5 3328.46

europaea in the pine forest. The lowest amounts of the investigated
elements were in Epilobium montanum, Lathraea squamaria and Dry-
Opteris spinulosa in the grud, and Vaccinium vitis-idaea, Calluna vulgaris
and Festuca ovina in the pine forest (Table 16).

The organic fall in both investigated areas contained less N, P, K and
Mg and more Ca than the species of the herb layer and mosses. The
highest pPercentage of all investigated mineral components was found in
the leaves of hornbeam and aspen in the grud, and ’various” (mainly
cones and pine seeds) and pine needles in the coniferous forest.

In both study years the percentage content of the investigated mineral

ComPOHepts in the herb layer, mosses and organic fall of both forest
communities was in the main similar. Only iron was found in considerably
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Table 16. Content of mineral substances in mg/g of dry matter in the studied forest

communities
N P2°5 K20 HaaO FOZO} Cal g0

a b a b a b a b a b a b &0

Asperula odorata 3242 2441 6ol Bl 55,5 26,8 0471 0,82 0639 0,53 1142 10e7 141 243

Asarum europaeum 24,5 24,0 569 47 5640 49,0 0480 0,77 0439 1420 1446 10,6 246 246
Geranium robertianum 22341 2244 747 841 5040 44,8 0,81 0,88 0426 0,62 1246 11,7 146 2.0

Oxalis acetosella 2562 2346 543 4¢6 33,5 3440 0469 0,65 0621 0.45 11,7 8.6 248 3.4

Viola silvestris 274 21,4 509 367 5840 4545 0468 0469 0e43 0,47 848 B42 640 545
Moehringia trinervia 2140 1942  5¢7 447 5145 44.5 0465 0,59 043 0443 945 841 2,0 2,0
Galeobdolon luteum 4448 40,0 10,5 E¢84 6145 49,0 0,91 0,59 0465 0,65 Q03 767 0,6 843

Anemone nemorosa 2762 28442 84,0 349 39,0 4543 0,77 0,86 0443 0,70 1144 10,9 2,2 2.8

Galium vernum 3567 2564 B9 41 4145 36,8 0489 0468 0457 0,45 1244 943 142 244

Urtica dioica 4046 32,0 1741 . 647 4145 4545 0495 0495 0e29 1,80 1740 12,7 S 344

5 Galeopsis pubescens 3165 1940 849 940 4940 6545 0429 0462 0652 0456 1061 840 246 3,0
5 Pulmonaria obscura 28,7 28,1 7 5¢5 6040 6147 0481 0,72 0461 0.74 1046 10,0 147 144
- Lathraea squamaria 26,6 2442 18,5 1244 7745 3845 0638 0631 0426 1457 2.0 149 147 144
a Vicia silvatica 28,0 28641 546 446 27,5 2247 1,47 0,84 0431 0450 17,6 1147 0e7 241 |
- Rubus idaeus 3061 177 760 441 28,5 1440 0471 0451 0657 0,70 948 546 #,0:2,5¢
= Sanicula europaea 1765 1840 442 347 7040 5340 0,72 0,98 2412 4,70 10,9 12,2 0.1 0,8
Fragaria vesca 2146 17:7 745 2.8 31,0 24, 0469 0,79 0431 0,65 1049 10,8 344 2,4

S | k |Mycelis muralis 2341 1944 Beb 446 44e5 358 0,85 0,63 0417 050 10,0 646 144 2,0
- ® |Acer pseudoplatanus ¢ [2348 19,9 6.5 446 1845 18,5 0,83 0465 0439 0459 1242 1042 2,2 2.2
s « |Sambucus nigra ¢ 45,5 40,7 840 645 6765 5546 0472 0,78 0439 0462 12,5 1041 10,8 643
% | 7 |Rubus hirtus 2140 3568 503 347 185 15¢5 0459 0682 1450 0430 646 5.0 244 3,5
8 4§ |Hepatica nobilis 23¢1 1947 645 248 00 2048 0,671 0,64 0,39 0,83 8,2 841 340 343
o |Veronica chamaedrys 2341 2040 645 44 42,5 34,0 0,66 0,58 0461 2.98 10,6 7.7 2.0 1.9

- = |Lathyrus vernus 3001 3046 647 4¢84 3640 37,8 0,56 0,76 0.74 077 849 93 142 2,7
'§ Galium schultesii 2341 29¢9 543 7¢3 3345 3543 0,67 0,63 0,17 0,41 10,1 8,8 1,2 1-?

° Carpinus betulus ¢ 22,4 18,7 5.9 3.7 5 940 0451 0,80 0631 1402 1542 1142 244 2,
- Dryopteris spinulosa 2944 2442 11¢5 541 32,0 32,6 0428 0,40 0421 074 5.8 4.4 4,1 4,3
° Lathyrus niger 378 3645 641 U8 2640 2145 078 0,62 1420 525 10,7 8.7 1.1 0.1
i) Circaea lutetiana 2944 24,0 Be6 541 5745 6 0471 0,79 0448 0,65 114 9,9 2,9 0,¢&
5 Buphorbia aloides | 2549 3242 9¢5 748 2945 2945 0472 0470 3409 6415 1141 945 049 2.2
- Majanthemum bifolium 28,0 20e3 945 448 44,0 35,0 0,79 0453 0426 0,74 8,7 6,9 2,0 241
4 Polygonatum multifloruml 28,7 20,4 8,2 4,6 44,5 32,3 1,12 0,65 0426 1,06 E,9 E,6 041 0,6
5 Epiiobiun montanum 1648 1842 8,9 649 3040 35,0 1. 0663 0621 0434 1142 8,7 242 242
| Aegopodium podagraria |27.3 375 647 7.0 84,0 7148 0.7 Os 0426 0434 10,7 845 2.0 5.0
S Populus tremula c 38,5 20,5 1840 645 5840 28,5 1421 0443 0,26 0,25 9¢3 540 242 142
Stachys silvatica 3664 3947 9¢5 844 B8040 49,0 0459 0476 0439 0450 9471 1046 441 349

Ajuga reptans 3242 2847 1145 740 4740 42,5 0472 0675 0439 0,65 13,2 1041 1,8 2,

Other herbs 23,8 2341 70 448 37,5 252 0477 0464 0421 0,45 10,9 8.5 3.0 2.5

a Needles of pine 1046 1363 240 28 342 345 0434 0,36 0,50 0445 6,7 4,6 0,0 0,0

“ |Leaves of beech 1442 1442 2.8 2,5 4,7 05 0657 0671 1.17 1425 12,9 10,2 0,0 0,0

+ |Leaves of hornbeam 20,7 22,7 442 3.6 00 249 0666 0,89 0,90 1448 12,9 13,4 0,6 041

5 |Leaves of aspen 13061 1946 2484 348 546 5,5 0467 0,82 0,46 0,88 15,8 12,6 041 044

3 Bark and twigs Belt 8B40 167 1e5 246 145 0481 0,53 0,56 0,90 841 7.4 0,0 0,0
b Other______ 16431602, . 402 201 201..248_ 0452 0435 1400 2,04 _ 944 .64%_ 040 043
Vaccinium myrtillus 1842 1649 549 340 1140 8,7 0.52 0443 0,17 0430 546 4,9 045 147

Calluna vulgaris 1745 1641 g.? 28 10,0 Be3 0453 0439 0465 4,70 3,8 3.8 1.6 041
Vaccinium vitis-idaea |13.3 1649 09 e 9e5 75 0645 0,40 0,21 0439 4.4 4,1 0,7 1.2

?, % [Melampyrum pratense 2348 22,1 8.6 go 1960 1940 0476 0458 . 0409 0639 1147 740 146 44
1 » |Luzula pilosa 16,8 16.2 5060 3¢5 3140 33,9 0,80 026 0426 0439 242 2,1 2,8 3.4
5 | & |Festuca ovina 1B.0 162 B7 206 20,0 1.5 0039 022 013 0,36 i3 03 14102
A Trientalis europaea 17+5 16,8 4,5 g.o 23,0 24,9 0,78 0,36 0,26 0,30 442 3,6 B¢5 3,8
L | £ |Ssolidagoe virga-aurea 2147 2840 740 541 3640 29,9 0472 0,78 0443 0439 11.5 9.7 144 243
4 | £ |Luzula multiflora 1641 25 8,2 8.4 30,0 27,3 0,50 0,24 0417 0,65 3,2 1.; 0.2 142
ba | Lycopodium annotinum 1!.2 14, 8.2 345 95 9 036 0425 0621 0,27 0.9 0,7 065 142
‘é Other herbs 19. o 506 4,6 18,5 10,0 0451 0.34% 0.31 1.02 5.2 2.4 1.4 1.5
© % |Entodon schreberi 1849 1548 5,0 244 3.5 640 0,46 0,24 0,43 2,68 1,9 1,1 0,0 0,0

S ‘5 Dicranum undulatum 1641 18,3 3,9 2.8 o0 648 0455 0,51 0,48 3,65 2.5 1.2 0,0 0,0
H |2 |other mosses 16,8 17.7 3.9 2.6 7.0 5.0 0.51 0,25 0.39 445 2.1 0.7 0.0 0,0

o )

9 |, |Needles of pine 748 1048 146 240 149 147 0431 0,28 0,42 0,79 545 2.1 0,0 0,0
> |’gri |Needles of spruce 1160 949 262 165 168 161 0455 0471 0,70 0,75 1242 11,0 0,0 0,0
&3 |Bark and twigs . o 142 162  1¢3 140 0619 0425 1420 1.9; 2.6 2,4 0,0 0,0

% | Other 9e8 1149 149 2.1 147 143 0418 0,21 1.30 2.9 1.7 142 0.0 0,0

higher amounts, particularly in mosses, in 1974. However, considerable
differences in the content of elements were observed between plants of
the grud and coniferous forest, in favour of the former (except Fe).

The total amount of mineral components accumulated by plants de-
pends on biomass; therefore the highest content of them was found in the
species of the highest annual increment: Asperula odorata, Urtica dioica,
Oxalis acetosella and Asarum europaeum in the grud, and Vaccinium
myrtillus, Melampyrum pratense and Calluna vulgaris in the pine forest
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(Table 17, 18). All herb layer species in both areas were observed to ac-
cumulate most potassium and nitrogen and considerably less phosphorus,
calcium and other elements.

Organic fall accumulates decisively more mineral components than
the herb layer because of its considerably higher biomass. It contains
the highest amounts of nitrogen and calcium, and slightly less potassium.
Pine needles accumulate most of all investigated elements, both in the
grud and pine forest area. A quarterly analysis showed that most mineral
substances were found in the fall in the third and fourth quarters
(Table 19).

Table 19. Content of mineral substances in kg/ha in the organic fall of the studied
forest communities (quarterly summary)

R N Py0; K0 Na,0 Re 05 Ca0 Mg0
84 | g
E“E & a b a b a b a b a b a b a b
Q
5 3.196 04554 0.663 04133 0.312 1.573 0.054
I | 10.065 114697 24173 14993 1.847 2,147 0.275 0.39% 0.629 2.066 4.809 4.276 0,000 0.015

IIT | 10.188 114223 2.084 14889 3,674 3.298 04376 0,540 04899 0,885 6.978 7,846 0.058 0.141
IV [ 42,873 44,261 8,709 7.958 14.805 84950 1.638 1.827 2,336 2,571 34,640 26.426 0.339 0,198

1 1,950 C.322 0.313 0.061 0.190 04550 0.000
I1 | 6,806 94838 14265 12513 1.013 1,108 0.185 0,202 045584 1.830 2.201 1.450 0,000 0,000
IIT (104987 94753 24161 1.651 3.251 1,815 01820 04266 04815 1,356 6,799 2,768 0.000 0.000
IV | 104082 12,722 1.968 24831 1.929 1.566 0.377 0.347 1.178 14339 6.511 4,121 0,000 0,000

The amount of mineral elements accumulated both by the fall and
herb layer during the year was higher in the grud community. Living
plants (excluding the fall), however, accumulated more elements in the
pine forest (Table 20).

The ratio of the mineral elements contained in the herb layer to their
total amount in the herb layer and fall (17) is different and it is from
several to 30%. It exceeded the value of 50% only for potassium and
magnesium. This accounts for a considerable participation of living plants
in the circulation of these elements.

The obtained results were higher than those for the communities
studied by other authors (5, 6, 8, 13), mainly because of considerably
higher productivity of the herb layer and fall.

Characteristics of the stands,
structure and specific composition

The studied forest stands represent a structure typical for forest

management which consists in complete periodical cutting down the
stands.
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Fig. 14. Structure of the thickness of 5 10 15 20 25 30h

hornbeam in the grud cor.nmunity of Fig. 15. Structure of hornbeam height
‘he Fagetalia order with pine (area 3) in the grud community of the Fagetalia
order with pine
N
1304
120 //\
/ 1\
110+ / \
/ \ ——— - area3
100 4 " — - area b
90 |
|
80 |
|
704 I
ol e |
504 ”
404 |
30 1
Fig. 16. Structure of the thickness of pine- 20
-tree in the grud community of the Fage- =
talia order with pine (area 3) and Vaccinio
myrtilli-Pinetum (area 4) =T W o % B wwd

In area 3 two substrata can be distinguished. The upper sublayer is
composed of pines (334 trees — 93.3%) with a small admixture of aspen
(13 trees — 3.6%) and beech (11 trees — 3.0%). The poorly developed
lower sublayer (about 17% of the upper sublayer volume) is composed
of hornbeam (141 trees — 63.5%) with an addition of beech (54 trees —-
24.3%), pedunculate oak (17 trees — 7.6%), sporadic maple (8 trees —
3.6%), and cherry (2 trees — 0.9%). In all, 580 trees were found in this
area. The volume of the stand at an average tree height of 23.1 m was
80 130 m3, and that of the undercanopy space reached 52 092 m® at an
average stem height of 13.6 m up to the base of the crown. The area of

3 Annales, sectio C, t. XXXII
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crown projections was 3830.3 m?, i.e. 76.6% of the study area. The pines
classified under Iy, at the age of about 53, reached the average DBH in-
crement of 22.2 ecm and the height of 23.1 m. This species does not re-
produce at all. The index of afforestation with Pinus silvestris is 0.76.
The structure of the pine and hornbeam is presented in Figs. 14 and 15.
The shrub layer is composed of 17 species. The undergrowth and brush-
wood above 0.5 m are represented by: 271 aspens, 219 maples, 106 beeches,
83 hornbeams, 69 elders, 46 cherries, 23 alder buckthorns, 19 pedunculate
oaks, 17 rowan-trees, 9 guelder-roses, 6 laurel cherries, 2 hazels and 1 fir;
871 specimens in all. In the same: layer up to 0.5 m cf height were found:
854 aspens, 850 maples, 291 hLornbeams, 168 beeches, 155 cherries, 74
pedunculate oaks, 62 elders, 31 firs, 30 guelder-roses, 23 alder buckthorns,
10 laurel cherries, 9 dogwoods, 4 pear trees, 2 spindle trees, 1 hazel, 1 ro-
wan-tree and 1 maple; 2,566 specimens in all.

N
804

——— - area 3

701 — - areak "\

604

50

404

304

___.“/-‘.—“‘\4/
w3

1 12 13 15 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23h

Fig. 17. Structure of pine-tree height in the grud community of the Fagetalie order
with pine (area 3) and Vaccinio myrtilli-Pinetum (area 4)

The one-stratum pine stand in area 4 consists of 343 pines (99.1%),
2 birches (0.6%) and 1 oak (0.3%). The volume of the stand was 53 509 m?
at an average tree height of 22.2 m and that of the undercanopy space
was 36 314 m?® at an average stem height of 15.1 m up to the base of the
crown. The area of crown projection was 2404.9 m?, ie. 48.0% of the
study area. The pine trees classified under I3 were on the average 7 years
older than those in area 3. Pinus silvestris stems are not well cleaned
of dry branches, frequently down to mid-height of the trees. The average
increment of DBH and the height they reach are 24.8 cm and 22.2 m,
respectively. The average DBH of Pinus silvestris trees is 2.6 cm higher
than that in the grud, whereas the average height is by 0.9 m lower. The
structure of the forest stand is presented in Figs. 16 and 17. Among the 13
species of the undergrowth alder buckthorn and pedunculate oak pre-
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dominate. In the upper layer of shrubs (above 0.5 m) the following trees
were found: 359 alder buckthorns, 275 junipers, 180 pedunculate oaks,
79 spruces, 61 beeches, 46 red oaks, 5 mammillary birches, 5 firs, 4 rowan-
-trees, 2 aspens; 1016 specimens in all. In the lower layer (up to 0.5 m)
were found: 315 pedunculate oaks, 193 alder buckthorns, 184 red oaks,
134 junipers, 71 beeches, 62 spruces, 6 rowan-trees, 4 birches, 3 firs,
1 maple, 1 guelder-rose, 1 buckthorn; 977 specimens in all.

Productivity of the forest stands

The actual yields of the investigated forest stands were estimated by
means of stem thickness with and without bark (Table 21). The presented
summary indicates that total yields of the forest stands in both areas
are approximate. The yields of the grud community with pine are hardly
10% higher. The participation of bark in tree thickness is very close in
both areas.

Table 21. Actual wood yields of the pine stands in the grud community of the
Fagetalia order with pine (area 3) and Vaccinio myrtilli-Pinetum (area 4)

Volume of timber
No e Volume Percentage
of area | Layer Bpecies .3 of bark of bark
%
of bark | without
bark
Pinus silvestris 138,44 118.40 20,03 14,47
3 I Fagus silvatica 3.8
Populus tremula 9,28
Carpinus betulus 12,57
Pagus silvatica 6,82
203 Quercus robur 3454
Acer pseudoplatanus 1.44
Cerasus avium 0,93
176.82
4 I Pinus silvestris 161.78 137.53 24,25 14,99

The value of wood production of the studied forest stands, based on
current volume increment was very approximate in the last periods of
2, 5 and 10 years (Table 22). Its slightly higher values in the grud (by
5.6%, 8.7%, 6.1%, respectively) do not constitute significant differences.

It follows from the comparison of the production of the discussed fo-
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rest stands that in both cases the current volume increment in the last
5-year period was slightly higher than that in the preceding 5-year
period — by 7.4% in the pine forest and 13% in the grud. It can thus be
assumed that both forest stands were close to the culmination of volume
increment, which has not occurred yet.

Table 22. Wood production of the pine stands in the grud community of the Fagetalia
order with pine (area 3) and Vaccinio myrtilli-Pinetum (area 4) in the last 2-, 5-,
and 10-year periods

Current incremant production of timber in m’
No. of
A of bark without bark
2-years 5-years 10-years 2-yeara 5-years 10-yeeras
10,8741 24.2222 45,6620 9.5874 22,3219 41,7654
4 10,2936 22.2901 43.0472 9,2115 20,5317 39.5235

Table 23. Total wood production (big timber and small timber) of the pine stands
in the grud community of the Fagetalia order with pine (area 3) and Vaccinio myr-
tilli-Pinetum (area 4)

Mean site clasa Total production Total togother
Period /of period/ of timber in m Age of production of timber
/of period/ trees in 53
/yearsa/
area no. 3 area no, 4 | area no. 3 area no. 4 area no. % area no. 4

0 -30 15 Ig 156 114 30 156 e
200 15 Ig 66 53 40 222 167
40 - 50 3 1, 66 54 50 288 221
50 - 60 - 1; e 52 &0 - 273

The analysis of the maximal height growth of the studied forest stands
showed that each of them represents a different type of growth (20). The
stand in the grud area with pine shows type 2 of normal growth. In the
last 20 years, the classification of the stand was on the same level I,2
(Table 23). The stand in the pine forest community shows type 3 of ex-
tended growth. It is characterized by an improvement of the class with
age; in the last 30 years (at the age of 30—60 years), the classification
improved by over one class (at the age of 32 years — class I, at the age
of 60 years — class I,2).

The estimation results of the total volume production (timber and
smallwood) of the studied pine stands, which were obtained by means
of yield tables (22), on assuming complete afforestation are presented in
Table 23.
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DISCUSSION

The studies were carried out in two forest ecosystems of the Zwie-
rzyniec forest district in Central Roztocze. One represents a grud com-
munity of the Fagetalia order, the other — used as the control — re-
presents an eutrophic pine forest (Vaccinio myrtilli-Pinetum typicum);
undergrowing pines dominate in both communities. With regard to phy-
siognomy, floristic composition and habitat these communities are re-
presentative of Roztocze and they cover a large area of this region.

The studied forest ecosystems cover areas of different land relief. The
grud community appears in the upper and top parts of a high elevation
at a small inclination of the slopes, where considerable differences in
relative height have occurred. The pine forest covers the lower part of
the slope, which is slightly undulated (with dunes) with slight differences
in relative height.

The grud community was cooler and moister than the pine forest
one because of 2—3 times lower insolation intensity and almost 4 times
lower brightness of daylight. Lower diurnal amplitudes of soil and air
temperature, and humidity as well as more equalized diurnal courses of
these elements (lower maxima and higher minima) characterized the grud.
Inverse temperature system and the wet type of moisture stratification
were recorded more often in the grud than in the pine forest. Micro-
climatic differences between the grud and pine forest were particularly
distinct in summer, and the highest during anticyclonic weather.

More favourable climatic conditions in the grud presumably affected
the extension of the vegetation period in relation to the pine forest. Be-
sides, the most intensive growth of the herb layer in the grud was ob-
served in the period from April to July, whereas in the pine forest it
lasted at the same intensity till early autumn.

The soil conditions in the grud also proved to be more favourable,
where shallow brown soil, formed of cretaceous gaizes, had developed,
whereas in the pine forest podzolic soil formed of loose sand occurs.
The soil in th grud is moister and more fertile. This is indicated by:
humus of the mull type, more rarely that of the moder type, lower soil
acidity (CaCO; occurred in some sites), higher sorptive capacity and con-
tent of exchangeable cations (except H) and nutritional components. In
addition, it was found that the organic fall in the grud returns to the soil
much greater amounts of mineral substances every year than those in
the pine forest.

The grud habitat effects also more favourably the development of soil
microflora. As compared with the pine forest, the litter and other genetic
horizons of the grud soil were found to contain a higher number of micro-
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flora being richer by nitrifiers. The effect of higher pH of the grud litter
is that the decomposition rate of cellulose, which is higher than that in the
pine forest, is mainly supported by cellulolytic bacteria, whereas higher
acidity and smaller amount of nitrogen substances in the pine forest litter
were observed to favour fungi which were found here in a much greater
number than in the grud.

In the above presented different habitats the herb layers varied with
regard to the floristic composition. In the grud 4.5-time greater number
of species was found. Mesophilic plants constitute the dominating group,
whereas in the pine forest — species with xeromorphic structure do-
minate. Also plant density in the grud was almost 3 and 2 times higher
than in the pine forest in the two successive study years. The total pro-
ductivity of the herb layer proved 1.5 and 1.4 times higher than that in the
pine forest, respectively. Mosses, of course, constitute a recompense, which
reach a large cover, and high increment of biomass (productivity). They
were not found in the grud. In each case the productivity of the herb
layer and mosses was determined by the dominating herb layer species
in both forest communities.

The organic fall was higher in the grud than in the coniferous forest
in both study years. Moreover, a much greater participation of leaves was
found in the grud community. Pine needles and, to a lesser extent, small
twigs dominated in the fall of both ecosystems.

The stands of both forest ecosystems with a structure typical for their
periodical cutting down differed with regard to floristic composition, den-
sity and classification. The differences in wood yields in both areas were
small and did not exceed 10% in favour of the grud community. The pine
stands of both communities are close to the culmination of volume in-
crement.

The seven-year younger pines in the grud show a higher class
and slightly higher wood production in the particular growth periods.
Furthermore, their stand represents type 2 with normal growth, whereas
that in the pine forest — type 3 with extended growth. In a 50-year
period the total wood volume production of Pinus silvestris in the grud
area was by over 30% higher than that in the pine forest.

CONCLUSION

The ecological analysis proved that more favourable habitat conditions
for 53-year-old pines are found in the grud community of the Fagetalia
order. This is shown by slightly higher wood yields of the grud forest
and higher classes and wood production of Pinus silvestris.
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The above conclusion indicates that pine should be introduced into

the habitats of deciduous and mixed forest of the grud type in Roztocze.
The authors’ attitude towards this problem was already critical in the
first part of the paper and particularly in the third one summing up the
four-year studies.
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STRESZCZENIE

Badania przeprowadzono w dwb6ch ekosystemach leSnych nadle$nictwa Zwie-
rzyniec na Roztoczu Srodkowym (ryc. 1). Pierwszy reprezentuje zbiorowisko gradowe
z rzedu Fagetalia, drugi — kontrolny — przedstawia bér sosnowy $wiezy Vaccinio
myrtilli-Pinetum; w obu dominuje podsadzona sosna. Pod wzgledem fizjoromii
(ryc. 3, 5), skladu florystycznego i siedliska ekosystemy te sa reprezentatywne dla
Roztocza i zajmuja na jego terenie duze powierzchnie.

Badane ekosystemy leéne zajmuja tereny o odmiennej rzeibie. Zbiorowisko
gradowe wystepuje w gérnej i szczytowej partii wysokiego wzniesienia o pologim
upadzie zboczy i do§é¢ duzych réznicach wysoko$ci wzglednej na powierzchni ba-
dawczej (ryc. 2). Bér sosnowy zajmuje tereny obnizone, lekko faliste (zwydmione)
o niewielkich réznicach wysoko$ci wzglednej (ryc. 4).

W zwiazku z 2—3-krotnie mniejsza intensywnoScig insolacji i prawie 4-krot-
nie mniejszg jasnoicig $wiatla dziennego, zbiorowisko gradowe bylo chlodniejsze
i bardziej wilgotne od borowego (tab. 2). Grad posiadat mniejszg amplitude dobowg
temperatury gleby, powietrza i wilgotnosci orazz bardziej wyréwnane przebiegi do-
bowe tych elementéw (nizsze maksima i wyzsze minima). W gradzie czesciej niz
w borze notowano inwersyjny uklad temperatury i mokry typ stratyfikacji wil-
gotno$ciowej. Ré6znice mikroklimatyczne miedzy gradem a borem byly szczegblnie
wyrazne w lecie, a najwieksze w czasie pogody antycyklonalnej. Charakterystyke
mikroklimatu w okresie badan przedstawia tab, 1.
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Korzystniejsze warunki klimatyczne w gradzie wplynely prawdopodobnie na
wydluzenie okresu wegetacji w stosunku do boru. Poza tym w zbiorowisku grado-
wym najwiekszy rozw6j runa nastepowat w okresie kwiecien—lipiec, natomiast
w borze trwal w jednakowym nasileniu do wczesnej jesieni (tab. 8, ryc. 12, 13).

Warunki glebowe réwniez okazaly sie korzystniejsze w zbiorowisku grgdowym,
gdzie wyksztalcila sie plytka gleba brunatna wytworzona z gez formacji kredowej,
w borze natomiast — gleba bielicowa wytworzona z piasku luZnego (ryc. 7). Gleba
w gradzie jest wilgotniejsza i zyZniejsza. Wskazujg na to: pro6chnica typu insekto-
wcgo, rzadziej grzybowo-insektowego, mniejsze zakwaszenie (miejscami wystapit
CaCO,), wieksza pojemno$¢ sorpcyjna oraz zasobno$¢ w kationy wymienne (z wy-
jatkiem H*) i skladniki pokarmowe (tab. 3, 4, 5, ryc. 8, 9, 10).

Stwierdzono poza tym, ze w zbiorowisku grgdowym wraca do gleby corocznie
wraz z opadem organicznym znacznie wiecej skiadnikéw mineralnych niz w borze
(tab. 16, 17, 18, 19, 20).

Siedlisko gradowe wplywa rowniez korzystniej niz borowe na rozw6j mikroflo-
ry glebowej (ryc. 11, tab. 6, 7). Sci6lke i pozostale poziomy genetyczne gleby gradu
zasiedla liczniejsza i bogatsza o nitryfikatory mikroflora. Wyzsze pH $ciotki gradowej
powocuje, ze wieksze niz w borze tempo rozkiadu bionnika podtrzymywane jest
glownie przez bakterie celulolityczne, natomiast wieksze zakwaszenie i mniejsza
zasobno$¢ §ciotki borowej w substancje azotowe preferuje grzyby, ktéorych wy-
kryto tu znacznie wiecej niz w gradzie.

W odmiennych na obu powierzchniach warunkach siedliskowych rozwija sie
ré6zne pod wzgledem skiadu florystycznego runo. W zbiorowisku gragdowym stwier-
dzono 4.5-krotnie wiekszg liczbe gatunké6w. Z ilo$ci tej przewazajgcg grupe stanowia
ro$liny mezofilne, podczas gdy w borze dominujg gatunki o budowie kseromorficz-
nej. R6éwniez zageszczenie ro$lin w gradzie bylo w obu kolejnych latach badan
prawie 3 i 2 razy wieksze niz w borze. W rezultacie globalna produkcyjno$¢ runa
gradowego okazala sie 4,5 i 1,4 raza wieksza niz borowego (tab. 9, 10). Oczywiscie
pewng rekompensate stanowig mchy, ktére w borze osiggaja duze pokrycie, bio-
mase i produkcyjnoéé¢ (tab. 11). W gradzie mchy nie wystapity. W kazdym przypad-
ku o produkcyjnoéci runa i mchéw decydowaly w obu zbiorowiskach gatunki pa-
nujace.

Opad organiczny w gradzie byl w obu latach badan wiekszy niz w borze.
Ponadto w zbiorowisku gradowym zaznaczy! sie o wiele wiekszy udziat liSci. W opa-
dzie obu ekosystemOw przewazaly szpilki sosny i w mniejszym stopniu drobne
galazki (tab. 12, 13, 14, 15). 3

Drzewostany obu ekosystemO6w le$nych, o strukturze charakterystycznej dla
zrebowego sposobu zagospodarowania (ryc. 14, 15, 16, 17), roéznily sie skladesn
florystycznym, zageszczeniem i bonitacjg. R6znice zasobow drzewnych na obu po-
wierzchniach byly niewielkie i nie przekroczyly 10% na korzy$§é zbiorowiska gra-
dowego (tab. 21). Drzewostany sosnowe obu zbiorowisk znajdujg sie w poblizu kul-
minacji przyrostu migzszosci (tab. 22).

Miodsza o 7 lat sosna w gradzie wykazuje wyzszg bonitacje i nieco wyiszg
produkcje drewna w poszczegblnych okresach wzrostu. Ponadto drzewostan jej re-
prezentuje typ 2 o wzro$cie normalnym, podczas gdy w borze typ 3 o wazroscie
przedtuzonym. W okresie 50-letnim catkowita produkcja migzszo$ci drewna Pinus
silvestris na powierzchni gradowej byta o ponad 30% wyzsza niz na borowej (tab. 23).

W wyniku przeprowadzonej analizy ekologicznej stwierdzono korzystniejsze dla
53-letniej sosny warunki siedliskowe w zbiorowisku gragdowym z rzedu Fagetalia.
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Odzwierciedleniem tego jest nieco wiekszy stan zasob6éw drzewnych gradu oraz
wyzsza bonitacja i produkcyjno$¢ drewna Pinus silvestris.

Stwierdzenie powyzsze sugeruje, ze na Roztoczu sosny nalezaloby podsadzaé
na siedlisku laséw liSciastych lub mieszanych typu gragdowego. Do zagadnienia tego
ustosunkowali§my sie krytycznie juz w czeSci I, a zwlaszcza w III, podsumowujacej
4-letnie badania.

PE3IOME

YccnenoBanua NMPOBOAMIMCL B JBYX JieCHbIX 3KOCUMCTEMAaX HaJjJeCHUYEecTBa 3Be-
XuHeny B IlentpanbHoM Posroue (puc. 1). IIpeacTaBuTeneM nepBOil M3 HUX ABIAETCH
rpynoBoe coobitecTBo psapa Fagetalia, a BTOpOi (KOHTPOJBLHON) — 6Op COCHOBLINK
cBexblit Vaccinio myrtilli-Pinetum. B o6eux 3KOCMCTEMAaX LOMMHMPYET cocHa. Ilo
cBOeMy iopucTHYECKOMY cocTaBy (puc. 3, 5) M MECTOOGMTaHMUIO 3T SKOCUCTEMEI
ABJAIOTCA TUMIOMYHBIMM A8 Po3Toie M 3aHMMAIOT 1i1a ero Teppuropum 6Goabinue mno-
BEDXHOCTH.

U3syuyaemnble Jieciible 3KOCHMCTEMbI 3aHUMalOT TEPPMTOPUMM C pa3HbIM pesbedoM.
I'pynoBoe coobuiecTBo pacrpocTpalleHO B BEpXHeil ¥ BEPUIMHHOM MapTMAX BLICOKOM
BO3BBIILIEHHOCTM C IIOJIOTMM CKJOHOM M JOBOJBHO OOJBMIMMM Da3HULAMM OTHOCHU-
TeJIBLHON BBLICOTBI Ha uccaeayemoir Teppuropuyu (puc. 2). CocHOBbNf 6Op 3aHuMaer
MMOHUMEHHBbIE XOJMMUCTbIE TEepPUTOPUM C HeGoJBIMIMMKM Ppa3HMIAMU OTHOCUTEJBLHOM
BBICOTH! (puc. 4).

Ilo cpaBueHmo ¢ OOpoBBIM c0O061leCTBOM TPyAOBOE OBIJIO XOJOAHEe M BaaXKHee
(Tabn. 2). CyTouHas aMOJUTyJa TeMIepaTypbl MOYBLI, BO3AyXa M BAAXKHOCTU Yy rpyaa
OblIM Menbllle, a CYTOYHLI XOA 3THMX 3JIeMEHTOB 6oJiee pPOBHEBNIT (HU3IIME MaKCU-
MaJlbHbLle U BbICUIMe MHUHMMAaJldbHbIe). B rpygne uaume, 4emMm B Gope KOHCTaTHMPOBAJUCh
MHBEPCUOHHEIE COOTHOIIIEHUA TeMIlepaTypbl M MOKPBIA TUII BJIAXKHOCTHOMK CTPaTU-
cdukamyu. MUKPOKJIMMATHUECKME pa3duMubl MeXAY rpyaoM u 6opom OGblayu ocobeHHO
OTYETJMBBI JIETOM, a HauMOGONBIIMMM — BO BpEMS AHTULMKIIOHHONI nOroAabl. Xapak-
TEPUCTUKA MMUKPOKJIIIMaTa B [epMOJ MUCCIeJOBaHMi npeacraBiieHa B Taba. 1.

Bo3MoxHO, uTO Gojnee 6GiaronpuATiibIE KJAMMATHUIECKMe YCJIOBUA B TPyae Io-
BJMAJM 1la YyAJIUHEHMe nepuona Bererauuu. Kpome Toro, nambosanliee pa3BUTHE Tpa-
BAHUCTOIO MOKPOBa B IPYAOBOM COObLIleCTEE NMPUXOAMJIOCH HA MEPUOA aNpesb—MUI0Nb,
a B Gope mponosxKaioch C OAMIIAKOBOW MHTEHCUMBHOCTBLIO A0 paHHel ocenu (Tabn. 8,
puc. 12, 13).

TaKkXe M mnOuYBeHHble YCJOBMA OKa3aaucb 6ojaee G6GaaronpUATHBIMKU B TDYZAOBOM
coobiiecrse, rae ¢opMupoBanach Herjay60Kas KopumyHeBasd nouBa, obpasoBaHHas u3
re3 MenoBoit ¢opMauun, a B 60pe — noa30aucTas Moysa, o6pa3oBaHHAA U3 DbIXJOro
necyanuka (puc. 7). Ilousa B rpyne 6osee Bia)kHa M IJIOAOPOAHA, YeM B 6Gope. O6
3TOM CBMAETENLCTBYIOT: TyMYC MHCEKTOBOro, pexe rpub0O-MHCEKTOBOrO THUMNA, MEHb-
mlee 3aKucieHue (MecraMu BbicTynana CaCOg), 6onbmias €MKOCTb IIOTJIOLEHUA,
a rTakme 6oraToe coxep:ranue obMeHHbIX KaTMOHOB (3a mckiiouenueM H*) y nura-
TeNbHBIX BeulecTB (taba. 3, 4, 5, puc. 8, 9, 10).

Kpome TOro, 6u1J10 ycTaHOBJIEHO, YTO €XKEroAHO B TPYAOBOM coObIlecTBe BMecTe
C OpPraHUYECKMM OMajoM B NOYBY BO3BpAalllaeTCH 3HAYUTENBHO 6OJbIIE MUilepaNbHBIX
KOMITOHEHTOB, ueM B Gope (ta6x. 16, 17, 18, 19, 20).

Takxe Gonee GraronpuATULIM ObLIO BIMAHME TPYAOBOrO MeCTOOGMTaHMA Ha pa3-
BUTHE MOuYBEHHON MuKpPOodJopnl. ITo cpaBHelio ¢ 60pOM, MOIACTUIRY M OCTaJNLHbIE
reHeTUUEeCKMe TOPU3OHTBI NOYBEI rpyaa 3acenser Oonee MHOroumucieHHas u 6GoJee
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boraTtaa uHTpocdukatropammu Mukpodaopa. Bricuime pH rpynoBoit NOACTHUIKM NPHU-
BOJAT K TOMy, 4TO ObicTpeniumuit, yem B Oope TeMn pa3JIoKEHUA KJeT4aTKu MNoJ-
JepXKUBAeTCi B OCHOBHOM LEJJIIOJOJIUTUUECKMMU OakTepuamu, 3ato Gousbllee 3a-
KUCNIeHMe M Mellbluee coxepxaiiye a30THbIX BElLeCTB B IOACTHJIKE AaloT NpeuMy-
mecTBO rpubaM, KOTOPbIX 3KeCh 3HauuTenblio boablle, yem B rpyae.

B sTux pa3nbix yCAOBMAX MecTOOOMTanyusa pa3BMBaeTcsa pa3jinylblii MO CBOEMY
(I0PUCTUYECKOMY COCTABY TPaBAHMCTHIA NMOKPOB. B rpynoBom coobmiectBe obiiapyxke-
110 B 4—5 pa3 Gosnbiue BMAOB, UueM B Gope. B nmepBoM coobmecTBe npeobnanaiT me3o-
(buabiible pacTenuda, a BO BTOPOM — BUIAbI ¢ KcepomopdHbIM crpoenmneM. Takixe
M TYCTOTA CTOAHMA pPaCTEHMII BO BCE TroAbl MCCJEJOBaHMM B rpyae O6blia mouTu
B 2—3 paza 6oawure, iem B 6Gope. B peldynabraTe BajOBas NPOAYKUMA rpPyROBOTO
TPaBAHUCTOTO MOKPOBa OKa3ajachk B 1,4—4,5 pa3a Gosabuie, ueM 6opoBoro (taba. 9, 10).
KoHeyHO, HEKOTOpPO# KOMIIEHCAluMet ABJAKTCA MXMU, 3aHMMawmoumue B 60pe GoabIuyio
NMoBEPXHOCTh M ob6Gaagairommue 6Gosburerr 6uoMaccoyt M NPOAYKTUBHOCTHIO (Taba. 11).
B rpyne Mxu He Habmiopanucb. O NPOAYKTUBHOCTY MXOB M TPaBAHMCTOrO NOKPOBa pe-
111aJ14 FOCMOACTBYIOLIME BUABI.

Opranuyeckuyt onajx B rpyje B roab! ucciaeposanmm 6bli Gonblie, yuem B Oope.
Kpome Toro, nabnroaanocr 3HauuTesbHO OOJbllee y'uacTMe JAMCTHEB B IDyJAOBOM CO-
obwectee. B Jucronane o6omx 3kocucreM npeobirananu npexnae BCero COCHbI
U B MeHblue creneHyu Heboablume BeTku (tabn. 12, 13, 14, 15).

JApeBocTou obeux JecHbIX 3KOCHUCTEM, CTPYKTypPa KOTODbIX fABJIA€TCA XapaKTep-
HOM aJs BbIpyOnOro cnocoba ocsoeuua (puc. 14, 15, 16, 17), orauuanucs GPIAOPUCTU-
YEeCKMM COCTABOM, MJOTHOCTbIO M 6GoHuTaumen. JIpeBecHble pecypcbl na obeux mno-
BEepPXHOCTAX ObIM nouTM oamHakoBble (npeobianaHue rpynoBOro coobuiecTBa He
npesbiiano 10%, Tabxa. 21). CocHoBble ApeBOCTOM 060MX COOGLIECTB pACIOJO0XKEHBI
BONU3M KYJIBEMUHALUMOHHOTO MYHKTA NPUPOCTa ApeBecuinl (Tabxa. 22).

HecmoTpa Ha TO, 4TO coOcCiia B Trpyfeé MOJIOXKE COCHbl BTOPOM 3KOCHMCTEMBI IHia
7 Jner, B OTjeJblble NepuOAbl POCTa OHa NpoABaseT Oojee BLICOKYK 6GoHuTal U0
M JaeT HECKOJIbKO Ooabluylo npoaykuuio apeBecuHbl. Kpome TOro, ee IpeBOCTO#M
npejacraBafeT coboit TUNUYHLIA APEBOCTOM 2-TO THIA ¢ HOPMaJbHbBIM POCTOM, a B 60-
pe — Tun 3 ¢ yaauMHeHHbIM pocToM. B Teueime Bcero 50-JeTHMA nOJHAs NPOAYKLMUS
obbema apesecmubl Pinus silvestris Ha rpyRoBoii noBepxnocTy 6bina una 30% Bbiwue,
4yeMm Ha 6oposoit (Tabia. 23).

B pe3ysaeTaTe IIPOBEAEIIHOTO 3KOJIOTM'IECKOr0 aHaju3a Jy'lUMe YCJIOBUA MeCTO-
oburanua ana 53-yjeTHeit cocHbl OO6HapyieHnbl B IpynoBoM coobiuiectee psana Fp-
getalia. OTpa)kenuem 3TOro ABJASETCHA HECKOJbLKO BbICLLIEE COCTOAIIME JAPEBECHbIX pe-
CypcoB rpyAaa, Oosee Bbicokas OOHMTALMA M ApeBecHadA NPOAYKTHUBIIOCTL Pinus sil-
vestris.

W3 Bcero cka3aHHOrO Bblllle cJenoBajo Obl caenaTs BBIBOA O HeoOXOauMOCTHU
Nnojaca>KUBaHUA COCHbI Ha MECTOOOMTAaHMA JMCTBEHHbIX MJM CMEIUAHHBIX JIECOB Tpy-
nosoro TMna B Po3roue. CBOe KpMTHYECKOe OTHONIeHWEe K STOMY aBTODb! BbICKA3anu
yxe B I yactu pabotbl, pa3sepHyB ero 3atem B IIl yacTy, mocBALEHHON NOJBEaEINIO
UTOroB HeTbIPEXJIETHUX MCCIEeNO0BaHUN.
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