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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 tak en 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 Dziekanów near Warsaw. The financial support and co- 
ordination of these studies are gratefully acknowłedged 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 ąlliance, 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).

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, mapie 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 mapie, 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 freąuently. 
Pine forest species do not play here any role.

Fig. 2. Study area (area 3) in the grud community of the Fagetalia order with pine; 
1 — receptacles, 2 — stable 0.5 m2 areas for estimation of density of species, 3 ■— 
table sites for taking medium soil samples, 4 — soil pits, 5 — basie 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 buckthom 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 uulgaris. 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 generał 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 I II III IV V VI VII VIII IX X XI XII Year

Teaperature /°C/ 1975 -5.4 0.8 2.5 7.4 13.4 16.5 18.4 17.8 13.0 6.0 0.8 -1.4 7.6
a/ aiddle daj 1974 -2.5 1.9 5.5 6.4 11.4 15.0 16.7 18.5 13.9 6.4 2.7 1.5 8.0

b/ mar /absolut®/ 1975 4.9 8.2 20.4 24.0 29.5 29.5 28.1 30.7 29.7 23.0 11.0 10.0 30.7
1974 5.9 15.0 25.6 20.6 24.0 26.3 30.1 30.7 25.7 14.4 15.2 9.* 30.7

c/ min /absolute/ 1975 -18.9 -15.5 -15.6 -5.2 -2.8 0.0 6.6 -1.4 -1.0 -9.2 -11.9 -20.1 -20.1
1974 -15.0 -12.2 -2.9 -10.5 -1.6 1.2 5.9 5.6 0.4 -1.3 -7.1 -7.5 -15.0

Precipitation /aan/ 1975 12.5 64.4 50.5 28.5 86.8 117.0 85.7 11.1 62.4 55.8 43.2 48.1 626.2
1974 29.2 24.3 6.0 22.6 96.9 1 75.7 112.5 114.6 71.5 207.6 51.8 78.7 989.4

Yapour pressure 1975 4.4 5.9 6.0 7.8 12.5 15.2 17.9 15.5 12.9 8.7 5.8 5.2 9.8
/■*/ 1974 4.6 6.2 6.2 7.5 11.4 14.2 15.6 18.5 14.2 9.0 6.7 6.4 10.0

Saturation dafioit 1975 0.6 0.6 2.0 5.5 4.1 4.7 4.0 6.3 3.3 1.6 1.0 0.7 2.7
/«b/ 1974 0.7 1.2 2.5 5.2 2.8 3.7 4.1 4.0 2.9 0.9 1.1 0.6 2.3

Selative huaiditj 1975 87 90 81 75 79 79 84 75 83 86 86 88 83
/»/ 1974 86 87 77 75 83 83 83 85 87 91 89 92 85

Fig. 3. Structure of the grud com
munity of the Fagetalia order with 

pine (area 3)

Air temperaturę was slightly above the mean values of many years, 
particularly those in 1974. The monthly maximum temperaturę 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 amplitudę of air temperaturę was nearly by 2°C higher in 
the first than in the second year. Maximum temperaturę was in both 
years approximate to the average, whereas minimum temperaturę was 
much higher. The total annual precipitation in 1973 was almost by 100 mm
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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

Microc1 i m atic 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 madę 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, c — 

illuminated sites, Ps — area 3, P4 — area 4

>3 P4
Difference

P4 - p3

Globan radiation 
in cal. cm“2. min“^

a 0.031 0.083 0.052
b 0.050 0.045 0.015
0 0.3-11 0.355 0.044

Intensity light's 
in thousand luz

a 1.4 5.3 3.9
b 0.8 3.1 2.33
c 18.1 23.9 5.8

Giebe temperaturę 
in °C

1cm 11.9 13.4 1.5
10cm 11.1 11.6 0.5
20cm 10.8 11.2 0.4

Air temperaturę in °C
5cm 14.5 15,6 1.3

20cm 14.4 15.5 1.1
50cm 14.5 15.5 1.0

150cm 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 temperaturę, 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 temperaturę 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 Iow. 
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
peraturę was morę equalized in the grud (shallower minima and lower 
maxima) than that in the pine forest. Diurnal maxima of air temperaturę 
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 morę 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 cm. In spring and 
autumn, higher humidity was observed in the pine forest, but these dif
ferences were half as Iow as in summer. The diurnal course of relative 
humidity was morę 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

Comparative 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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Area

2.5 3,0 3.5 <0 Ł.5 5.0 5.5 6.0 6.5 7.0 7.5 pH
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0 50m

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 muli 
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 ratę 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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F G

Fig. 7. Soil pits in the grud com- 
munity of the Fagetalia order 
with pine (area 3, F—H) and in 
Vaccinio myrtilli-Pinetum (area 100 
4 ,1—K); 1—litter Ao, 2 — humus- cm

I J

-accumulation horizon Alt 3 — 
horizon of browning (B), 4 — 
rotten mosses Aol, 5 — eluvial 
horizon -A2, 6 — illuvial horizon 

B, 7a, b — parent rock C

H

7b

calcium carbonate of the rangę 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 Iow, that of P2O5 in the humus-accumulation horizon 
of brown soil — medium, and that of K2O — high, that of P2O5 in the 
horizon of browing — Iow, and of K2O — high in 1973 and medium 
in 1974.

The content of Fe2O3 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 minerał 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 myrtiUi-Pinetum. (area 4)
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I G 2-10 5.5 55 10 20 12 8 15 2.4548 1.2085 0.0028
25-55 67.5 45 8 16 15 9 11 2.5121 1.2951 0.0006

H 2-10 4.1 52 9 21 16 8 15 2.4520 1.2545 0.0025
25-55 68.0 42 8 17 15 7 15 2.5055 1.2891 0.0009

5-15 0.0 82 6 5 2 2 5 2.4569 1.4851 0.0058

J 15-25 0.0 95 5 2 1 0 1 2.4798 1.5428 0.0158
55-45 0.0 95 2 1 1 0 1 2.5228 1.6428 0.0182

II 75-85 0.0 96 1 0 1 1 1 2.6507 1.7589 0.0280

5-15 0.0 78 4 8 2 1 7 2.4687 1.4678 0.0055

K 15-25 0.0 95 5 0 1 0 1 2.4815 1.5265 0.0156
55-45 0.0 95 1 2 2 1 1 2.5168 1.6272 0.0167
75-85 0.0 

... , .ta* 96 1 1 0 1 1 2.6595 1.7520 0.0259

I - Community from order Fagetalia with pine,
II - Yaccinio myrtllli-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 ratę, 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).

Microbi o 1 ogica 1 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 G3 (Table 6, Fig. 11). 
They are high values but not the highest for these communities. M a 1 i c- 
k i (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 Zimny (26, 27, 28) when 
using corresponding methods in studies of forest soils of Central Roztocze.
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Area 3 Area 4

1 2 3 4 5
0 10 20 30 tO 50m

Fig. 11. Areas for microbiological studies of littar in the grud community of the 
Fagetalia order with pine (area 3) and Vaccinio myrtilli-Pinetum (area 4); 1 — 
part G, and Bb 2 — part G2 and B2, 3 — part G, and Bs, 4 — sites of sample 

taking, 5 — study sites of cellulose decomposition

Among the physiological groups, the most numerous were ammonifiers 
and denitrifiers. 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 G3). As 
compared with other parts, a great number of cellulolytic organisms 
was found here. The ratę 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 B3 and the poorest in part B2. 
These numbers correlated with the ratę of cellulose decomposition 
(Table 6). The litter of either area differed in number of microorganisms, 
mineralization ratę and mean annual moisture. In area 3, morę bacteria,
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Table 6. Number of microorganisms, litter moisture and decomposition ratę 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, 
c — cellulolytic organisms, w% — moisture in %, rb — cellulose decomposition: 
+ — decomposition traces, ++ — weak decomposition, + + + — medium decom

position, + + + + — strong decomposition

••JV 
1

1 
1

la. ef aloro-orgaalaaa la 1000a par 1 5 of foraet floor

19.IV. 19.VI. 19.VIII. 19.X. 19. U.

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974

0 15000 9500 15000 15000 9500 20000 11500 20000 9500 11500
8 400 350 950 750 950 1150 750 1150 400 1150
P 16 4.5 25 20 20 25 30 35 15 16
a 11000 9500 9500 11000 7500 11000 9500 11500 6500 9500Q1 d 1500 1150 1500 1500 1150 2000 1500 2500 950 950
0 40 30 95 95 65 95 75 95 35 40
rb ♦♦♦♦ ♦♦■w ♦♦♦♦
w* 32.26 31.16 35.99 37.15 29.42 35.14 35.57 31.52 29.03

0 25000 16000 25000 25000 16000 20000 20000 25000 9500 20000
8 160 250 250 250 200 950 300 750 115 750
P 4 7 9.5 7.5 16 11 7.5 11 . 3.5 4.5

- - a 9500 7500 9500 9500 7500 9500 7500 9500 6500 7500
°2 d 2500 1150 4500 4000 2500 4000 3500 4500 2000 3000

0 7.5 9.5 9.5 9.5 9.5 11 11.5 15 6.5 7
rb ♦♦♦♦ ♦♦w
w* 35.71 28.73 33.18 38.68 28.37 39.08 34.35 34.89 31.48

0 40000 40000 45000 65000 35000 45000 40000 4 5000 16000 25000
( 200 200 450 350 400 650 450 1150 400 1150
p 4 3.5 25 9.5 20 25 15 16 11.5 16
• 30000 30000 25000 30000 20000 25000 25000 30000 11500 20000

°3 d 2000 2500 1500 2000 2000 2500 2500 2500 1500 1100
0 95 115 150 160 95 150 140 150 35 95
rb ♦♦♦♦ +♦♦♦ ♦♦♦+

41.23 37.05 37.22 37.21 30.01 42.37 36.15 38.53 34.17

0 4000 3500 4500 4500 3500 4000 4500 3500 2000 3500
8 950 950 2000 2000 2000 2500 2500 3500 1150 1500
P 75 70 95 115 95 110 75 95 65 75B1 a 2000 1500 2500 2000 2000 2000 2000 2500 1500 1150
d 200 150 150 200 150 200 250 300 150 200
e 0.02 0.095 0.045 0.095 0.02 0.11 0.015 0.095 0.007 0.03
rb ♦♦ ♦ ♦♦ ♦♦ ♦♦♦
w* 22.17 23.35 29.95 33.99 24.28 32.11 30.12 31.18 28.09

0 2500 1500 1500 1500 1500 2500 1500 3000 1150 2000
8 950 750 1150 1500 1500 2000 1150 2500 750 950
P 40 35 45 30 65 45 45 65 35 45
a 1500 1150 1500 1500 950 1500 1150 1500 950 1150

* B2 d 150 150 150 150 115 160 160 200 140 140
0 0.035 0.045 0.025 0.045 0.025 0.075 0.035 0.025 0.011 0.014
rb ♦ ♦ ++
w* 17.91 19.17 19.04 31.79 16.85 27.49 20.42 27.42 29.06

0 9500 7500 9500 9500 7500 9500 9500 11000 6500 6500
8 3000 2500 4500 4500 4500 6500 4500 4500 1500 2000
P 65 110 250 110 300 250 250 300 300 250
a 4500 3000 4500 3500 4000 4500 4500 4500 3500 3500

B3 d 250 140 200 250 200 250 350 350 150 250
0 0.15 0.095 0.095 0.14 0.115 0.25 0.07 0.11 0.065 0.075
rb ♦♦♦
■* 39.68 34.61 31.51 36.12 26.14 30.58 30.72 35.69 32.74

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, morę 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 organie availability of oxygen (5). Water 
facilitated the use of substrate and contributed to generał increase in the
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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

d
£
◄

floH
TJ
3

No. of aicro-organiama in 1000a per 1g of soil

19.V. 19.VII. 19.11.

• 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
a 2000 1500 2000 2500 2500 2500

Ai d 300 300 450 350 250 450
0 0.3 0.25 0.16 0.25 0.25 0.25
a 0.32 0.23 0.32 0.18 0.48 0.18

33.70 29.66 30.74 37.51 16.79 39.18
3

0 2500 2500 900 2500 2500 3500
g 75 65 90 150 90 140
p 0.7 0.95 3 4 0.11 1.1
a 2000 1500 1150 2000 2500 2000/B/ d 95 75 70 95 45 95
0 0.011 0.015 0.015 0.015 0.007 0.016
n 0.023 0.023 0.028 0.014 0.048 0.02

32.19 28.34 31.08 37.29 19.89 36.63

0 3500 3000 3500 3500 4000 4000
g 450 400 650 750 950 1150
p 4 3.5 4.5 4.5 4.5 7.5
a 950 1100 900 1100 700 1150

A1 d 16 11.5 11 15 9 14
0 0.014 0.011 0.009 0.014 0.025 0.025
n - - - — - —

19.31 21.21 23.18 30.27 17.37 3i.48

0 115 140 150 160 90 150
g 90 45 115 110 25 140

Hp 0.45 0.3 0.3 0.65 0.45 0.75
a 70 65 65 65 70 75

A2 d 3.5 3 2 3 2 3
c 0.007 0.006 0.003 0.009 0.005 0.011
n — — — — —
«* 10.66 12.03 14.57 28.81 4.65 23.07

j 4
0 160 150 150 160 90 110
g 45 35 45 65 45 45
p 0.11 0.11 0.11 0.14 0.15 0.16
a 65 65 65 75 35 75B d 7.5 6.5 11 11.5 7.5 9.5
c I 0.002 0.002 0.002 0.007 - 0.007
n i — — — — —

7.57 7.54 11.05 26.29 4.57 15.52

0 14 9.5 7.5 9.5 9 11.5
g 0.7 0.65 1.4 1.1 0.4 0.95
p 0.035 0.045 0.045 0.45 0.07 0.065
a 2.5 2.5 2 2.5 3 3.50 d 0.35 0.25 0.2 0.45 0.15 0.3
c - - - 0.02 - -
n — — — — —

I w* 6.98 6.83 10.31 17.77 2.83 6.11
I

number of all groups of microorganisms, particularly denitrifiers, except 
Actinomycetes. Also the ratę 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 generał ten- 
dencies, a larger number of which was found in the illuvial than eluvial 
norizon, as wel as Astinomycetes (morę 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. XXXII
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mycetes were found to occur morę 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

Pinus silvestris a

Juniperus communis b 
Picea excetsa b 
Quercus robur b 
Frangula alnus b

Luzula pilosa 

Vaccinium myrtillus

Festuca ovina 
Trienlalis europaea 
Melampyrum pratense 
Solidago virga-aurea 

Vaccinium vitis-idaea

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

10 20 29 2 1018 23 3 10 20 78 11 20 30 10 20 2 14 27 8 26 11 26 13 2
Ul IV V VI VII VIII IX X XI XH

ggBBa r~ifc Hh [wid MB* fSSb Oh

.. I l I I I I I I i .
100 90 90 70 60 50 40 30 20 10 5%

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

lig. 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 — r*Pe fruits, 6 — leaves fully developed, 7 — leaf fali, 8 — dormant period of 

trees and shrubs
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of either community. Moisture of the other genetic horizons increased 
morę 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 uulgaris 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
period

Community from order 
Fagetalia with pine

Vaccinio myrtilli 
-Pine tum

Antyspring 
Early spring 
Spring
Early summer
Summer
Early autumn

Hepatica nobilis 
Anemone nemorosa
Asperula odorata
Urtica dioica
Mycells muralis

Luaulą pilosa 
7aooinium myrtillus 
Festuoa ovina 
Melampyrum pratense 
Calluna vulgarls

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 F a 1 i ń s k a (3).
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P r o d u c t i v i t y 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 Ozalis 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 freąuency 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. Freąuency, 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

Plant species

Freąuency 
in %

Average
per

density
ha

Individual ave- 
rage increase

Net production 
in kg/ha

Annota-
tions

1973 1974 1973 1974 1973 1974 1973 1974

Asperula odorata 85 82 572300 458823 0.1284 0.0970 73.483 44.506
Asarum europuoum 65 53 127600 114117 0.2835 0.2220 36.813 25.334
Geranium robcrtianum 38 47 68200 100000 0.5215 0.1980 35.566 19.800 clump
Oxalis acetosella 100 100 3039400 2948323 0.0096 0.0186 29.178 54.848
Viola Bilvestria 97 85 141100 87647 0.1720 0.1590 24.269 13.936 clump
ŁloehrinGla trinervia 21 15 141800 34705 0.0525 0.0490 7.445 1.701
Galeobdolon luteum 18 18 45200 24117 0.1390 0.1300 6.283 3.135
Anemone nemorosa 35 32 65200 70000 0.0602 0.0503 3.925 3.521
Galium vcrnum 21 18 48800 29411 0.0407 0.0945 1.986 2.779
Urtlca dioica 18 18 35900 23529 4.2005 3.1580 150.798 74.305
Galeopsis pubescens 12 12 9400 41176 1.3760 0.6500 12.934 26.764
Pulmonaria obscura 24 24 194CO 13529 0.6560 0.7780 12.726 10.526 clump
Lathraea sąuaraaria 9 6 5900 1764 1.6160 1.6470 9.534 2.905
Vicia oilvatica 18 9 5800 1764 1.6140 1.5008 9.361 2.647
Rubus idaeue 3 6 3500 4117 2.3225 3.1200 8.129 12.845
Sonicula europaea 12 12 5300 4117 0.9690 Ó.36OO 5.136 1.515 clump
Pregaria vesca 24 24 18600 14705 0.23Ó8 0.3140 4.339 4.617 clump
Mycelie muralla 12 12 6500 3529 0.6530 0.6420 4.245 2.266 clump
Acer pseudoplatanus c 44 62 15200 51764 0.2260 0.1360 3.435 7.040
Sambucus nigra c 12 6 3500 1764 0.8862 0.8220 3.102 1.450
Kubuś hirtua 6 6 1200 1176 2.8590 5.2750 3.431 6.203
Hepatica nobilis 26 26 15300 15882 0.2110 0.3020 3.228 4.796
Veronica chamaedrye 12 12 27000 6470 0.1343 0.1362 3.626 0.881
Lathyrus vernua 12 9 10000 9411 0.3632 0.3670 3.326 3.454
Galium schulteaii 3 3 12900 14705 0.2060 1.8440 2.657 27.116
Carpinus betulua c 36 9 11800 1764 0.2163 0.1908 2.552 0.337
Dryopteris apinulosa 3 3 4700 2352 0.4390 0.6000 2.063 1.411
Lathyrus niger 3 ■) 2300 1176 0.8435 1.1320 1.940 1.331
Circaea lutetiana 9 9 7000 11176 0.2590 0.7145 1.813 7.985
Euphorbia amygdaloides 3 3 600 583 2.6720 2.2160 1.603 1.303 clump
Wa^anthemum bifolium 18 15 21800 15882 0.0634 0.0740 1.382 1.175
Polygonatum multiflorum 3 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 3500 10588 0.3125 0.4550 1.094 4.818
Cerasus avium c 9 6 1800 1176 0.3333 0.4133 0.600 0.486
Populua tremula c 6 12 1800 2352 0.1840 0.2992 0.331 0.704
Carex digitata 3 3 1200 1176 0.1450 0.0340 0.174 0.040 clump
Etachys eilvatica 538 116 1.6810 1.2540 0.904 0.146
Actaea epicata 116 66 2.3180 2.9280 0.269 0.193Dryopteris filix-mas
Luzula pilosa

198 120 1.9400 1.2100 0.384 0.145
400 6 0.0700 0.1100 0.280 0.001

AJuga reptana
Scrophularia nodosa

ąuadrifolia 
wepnne mezereum
Athyrium filix-femina 
Mleracium rnurorum 
melittis meliasophyllum 
Fagus Bilyatioa

3 356 588 0.3000 0.3104 0.135 0.183 clump
40 10 2.2550 1.3368 0.090 0.013

154 74 0.1693 0.3250 0.026 0.024
30 2 1.0428 2.7000 0.031 0.005
78 160 1.1890 1.0700 0.093 0.171

1 12

72
44

66
28

5294

0.7980
1.0020

0.5520
0.7240
0.1340

0.057
0.044

0.036
0.020
0.709

clump

Total 4509526 4137686 477.443 382.624
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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 Ozalis acetosella, Asperula odorata, Viola siluestris, 
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 generał 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 myrtiUi-Pinetum typicum 13 herb layer 
species and 5 mosses occurred (Table 10, 11). The highest freąuency (50— 
100%) was recorded in Entodon schreberi, Dicranum undulatum, Luzula 
pilosa, Vaccinium myrtillus, Festuca ovina and Pinus siluestris in 1973. 
Changes in the freąuency of the majority of the species were smali; they 
were 15% only in Dicranum undulatum and Pinus siluestris 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 uulgaris and Vaccinium uitis-idaea.

The index of annual increment of individual species proved to be 
smali 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

Plant species

Freąuen- 
cy in 54

Average density 
per ha

Individual ave- 
rage increase

in g

Net production 
in kg/ha Annota-

tions

1973 1974 1973 1974 1973 1974 1973 1974

Vaccinium 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 vitis-idaea 40 35 187000 141000 0.1385 0.0910 25.899 12.831
Melampyrum pratense 75 80 105000 172000 0.2031 0.1400 21.325 24.080
Luzula pilosa 66 70 116000 177000 0.1485 0.1750 17.226 30.975 clump
Festuca ovina 50 60 329000 541000 0.0414 0.0885 13.625 47.878 clump
Trientalis europaea 19 15 37000 37000 0.0775 0.0690 2.867 2.553
Pinus silvestris c 60 35 31000 20000 0.0290 0.06Ó8 0.899 1.216
Frąngula alnus c 25 25 12000 10000 0.0910 0.1240 1.092 1.240
Solidago virga-aurea 5 6 1000 10000 0.7670 1.0314 0.767 1.031
Luzula multiflora 5 15 10000 50000 0.0600 0.1000 0.600 5.000 clump
Dryopteris spinulosa • • 206 206 0.9520 0.3140 0.196 0.065
Lycopodium annotinum • • • • • • 5.145 2.016

Total
:s=sssaaaxasa=3BzsssB==8333=

1548206 1971206 315.207 276.811

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

Plant species
Freąuency 

in %

aaaasaaaaaaa aaaaaaaaaaa

Biomasa in kg/ha

1973 1974 . 1973 1974

Entodon schreberi 90 95 690.000 829.500
Dicranum undulatum 80 65 266.250 189.250
Hylocomium splendens 10 15 4.000 22.000
Dicranium scóparium- i in 5 10 1.790 29.800

Total
■aaaaaaa 33 aa asaaaaaa a aa aasaaa

962.040 1070.550

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-



24 K. Izdebski, T. Kimsa, K. Kozak, E. Michna...

tosynthesis and presumably caused a generał 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 morę closely related from the floristical point 
of view. However, it was lower than the productivity of the herb layer 
in similar forest communities at Panasówka in Central Roztocze (6).

Productivity of organie fali

Samples of organie fali were taken in the period from May to De- 
cember, 1973, and from January to December in the next year. The 
amount of fali 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 organie fali 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 smali twigs and bark. The culminating month of organie 
fali was October. An exception was the year 1973 in the coniferous 
forest where the highest amount of fali was observed in September.

The amount of organie fali 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 
organie 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 organie fali in the coniferous forest in both years of 
the studies were respectively smaller by 28 and 36% than those in the grud. 
The annual organie fali 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 organie fali from the pine forest at Panasówka (6).

Chemical composition of the herb layer, 
mosses and organie fali

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 siluatica in the grud, 
and in Melampyrum pratense, Solidago virga-aurea and Trientalis
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Table 14. Composition of organie fali in Vaccinio myrtilli-Pinetum (area 4) in 1973

llonths
Leares
of
pine

Leaves
of
epruce

Leares
of
juniper

Cones
of
pine

Bark
and
twigs

Leaves
of
biroh

Leaves
of
oak

Other Total

V 136.1 1.0 0.3 11.8 110.8 - - 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 - 9.5 134.3 2.5 - - 328.70

IX 749.6 5.5 0.2 15.7 75.3 1.0 1.9 20.7 869.90

I 625.9 1’1 - - 76.8 1.5 21.7 1.9 728.90

XI-XII 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 5.7 32.4 117.0 3528.70

Table 15. Composition of organie fali in Vaccinio myrtilli-Pinetum (area 4) m 1974

Montha
Leaves
of
pine

Leaves
of
spruce

Leaves Cones 
of of
juniper pine

Bark
and
twigs

Leaves
of
birch

Leaves
of
oak

Other Total

I 9.5 0.2 0.1 52.9 3.4 66.1
II 21.6 0.1 0.03 - 23.3 - 0.03 3.4 48.46
III 39.6 0.2 0.1 0.3 51.7 - - 0.7 92.6
IV 76.2 - 0.1 10.1 128.4 0.1 1.2 1.4 217.5
V 91.7 1.1 0.2 13.4 50.9 0.1 - 11.5 168.9
VI 135.« 0.6 0.2 111.2 71.5 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 - 0.5 18.2 44.4 0.1 0.1 4.5 189.9
IX 424.1 6.4 1.1 8.2 15.6 0.8 3.0 2.4 461.6
X 799.9 1.4 0.1 9.5 117.7 - 21.2 11.9 961.7
XI 66.0 3.9 0.2 12.1 35.1 - 14.0 2.4 133,7
XII 56.1 1.3 0.1 36.4 188.9 0.9 3.0 286.7

Total 1930.1 16.6 4.23 331.5 895.0 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 sąuamaria and Dry- 
opteris spinulosa in the grud, and Vaccinium vitis-idaea, Calluna uulgaris 
and Festuca ovina in the pine forest (Table 16).

The organie fali in both investigated areas contained less N, P, K and 
Mg and morę Ca than the species of the herb layer and mosses. The 
highest percentage of all investigated minerał 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 minerał 
components in the herb layer, mosses and organie fali of both forest 
communities was in the main similar. Only iron was found in considerably
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Table 16. Content of minerał substances in mg/g of dry matter in the studied forest 
communities

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 minerał 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, 
Ozalis 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.

Organie fali accumulates decisively morę minerał 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 ąuarterly analysis showed that most minerał 
substances were found in the fali in the third and fourth quarters 
(Table 19).

Table 19. Content of minerał substances in kg/ha in the organie fali of the studied 
forest communities (ąuarterly summary)

.5
33
S H

oo

•
1

£

N P2C5 KgO KagO F.20j CaO MgO

a b a b a b a b a b a b a b

I 5.196 0.554 0.665 0.155 0.512 1.575 0.054
II 10.065 11.697 2.175 1.995 1.847 2.147 0.275 0.594 0.629 2.066 4.809 4.276 0.000 0.015

▲ III 10.188 11.225 2.084 1.889 5.674 5.298 0.576 0.540 0.499 0.885 6.974 7,846 0.058 0.141
IT 42.875 44.261 8.709 7*958 14.805 8.950 1.658 1.827 2.556 2.571 54.640 26.426 0.539 0.198

I 1.950 0.522 0.515 0.061 0.190 0.550 0.000

B
II 6.806 9.458 1.265 1.515 1.015 1.104 0.145 0.202 0.554 1.850 2.201 1.450 0.000 0.000
III 10.987 9.755 2.161 1.651 5.251 1.815 01420 0.266 0.815 1.556 6.799 2.768 0.000 0.000
IV 10.042 12.722 1.964 2.451 1.929 1.566 0.577 0.547 1.178 1.559 6.511 4.121 0.000 0.000

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

The ratio of the minerał elements contained in the herb layer to their 
total amount in the herb layer and fali (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 fali.

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 
hornbeam in the grud community of 
'he Fagetalia order with pine (area 3)

Fig. 16. Structure of the thickness of pine- 
-tree in the grud community of the Fage
talia order with pine (area 3) and Vaccinio 

myrtilli-Pinetum (area 4)

N

Fig. 15. Structure of hornbeam height 
in the grud community of the Fagetalia 

order with pine

In area 3 two substrata can be distinguished. The upper sublayer is 
composed of pines (334 trees — 93.3%) with a smali 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 
&f hornbeam (141 trees — 63.5%) with an addition of beech (54 trees — 
24.3%), pedunculate oak (17 trees — 7.6%), sporadic mapie (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 m3 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 m2, i.e. 76.6% of the study area. The pines 
classified under Ioa, at the age of about 53, reached the average DBH in- 
crement of 22.2 cm and the height of 23.1 m. This sipecies 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 hornbeams, 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 mapie; 2,566 specimens in all.

Fig. 17. Structure of pine-tree height in the grud community of the Fagetalia 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 m3 
at an average tree height of 22.2 m and that of the undercanopy space 
was 36 314 m3 at an average stem height of 15.1 m up to the base of the 
crown. The area of crown projection was 2404.9 m2, i.e. 48.0% of the 
study area. The pine trees classified under I8a 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 siluestris 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 mapie, 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 myrtiUi-Pinetum (area 4)

No
of area Layer Speclas

7olume of tlmber
trees Tolume

of bark
Percentage 
of bark

%
of bark without

bark

5 I
Plnus Bllpeatrls 
Pagus sllvatloa 
Populua tremula

158.44
5.81
9.28

118.40 20.05 14.47

II

Carpinus betulua 
Pagus sllvatioa 
Quercua robur
Acer pseudoplatanus 
Cerasus avlum

12.57
6.82
5.54
1.44
0.95

176.82

4 I Plnus silyeotris 161.78 157.55 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 increment production of timber in nP

No. of
aro a of bark without bark

2-years 5-years 10-years 2-years 5-years 10-years

3 10.8741 24.2222 45.6620 9.5874 22.3219 41.7654

4 10.2936 22.2901 43.047? 9.2115 20.5317 39.5235

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

tilli-Pinetum (area 4)

Period
/years/

ifiean site class
/of period/

Total production 
of timber in m^

/of period/
Age of
trees

Total togother 
production of timber 

in m^

area no. 3 area no. 4 area no. 3 area no. 4 area no. area no. 4

0-30 Z0 156 114 30 156 114
30-40 Z6 66 53 40 222 167
40-50 *0 66 54 50 286 221
50 - 60 • IaI8 52 60 273

The analysis of the maximai 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 Ioa 
(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 I9, at the age 
of 60 years ■— class Ioa).

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 smali 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 
temperaturę, and humidity as well as morę eąualized diurnal courses of 
these elements (lower maxima and higher minima) characterized the grud. 
Inverse temperaturę system and the wet type of moisture stratification 
were recorded morę 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.

Morę 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 morę 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 morę fertile. This is indicated by: 
humus of the muli type, morę rarely that of the moder type, lower soil 
acidity (CaCO3 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 organie fali in the grud returns to the soil 
much greater amounts of minerał substances every year than those in 
the pine forest.

The grud habitat effects also morę 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 ratę 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 organie fali 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, smali 
twigs dominated in the fali 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 
smali 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 siluestris in the grud 
area was by over 30% higher than that in the pine forest.

CONCLUSION

The ecological analysis proved that morę 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 siluestris.
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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 dwóch ekosystemach leśnych nadleśnictwa Zwie
rzyniec na Roztoczu Środkowym (ryc. 1). Pierwszy reprezentuje zbiorowisko grądowe 
z rzędu Fagetalia, drugi — kontrolny — przedstawia bór sosnowy świeży Vaccinio 
myrtilli-Pinetum; w obu dominuje podsadzona sosna. Pod względem fizjonomii 
(ryc. 3, 5), składu florystycznego i siedliska ekosystemy te są reprezentatywne dla 
Roztocza i zajmują na jego terenie duże powierzchnie.

Badane ekosystemy leśne zajmują tereny o odmiennej rzeźbie. Zbiorowisko 
grądowe występuje w górnej i szczytowej partii wysokiego wzniesienia o połogim 
upadzie zboczy i dość dużych różnicach wysokości względnej na powierzchni ba
dawczej (ryc. 2). Bór sosnowy zajmuje tereny obniżone, lekko faliste (zwydmione) 
o niewielkich różnicach wysokości względnej (ryc. 4).

W związku z 2—3-krotnie mniejszą intensywnością insolacji i prawie 4-krot- 
nie mniejszą jasnością światła dziennego, zbiorowisko grądowe było chłodniejsze 
i bardziej wilgotne od borowego (tab. 2). Grąd posiadał mniejszą amplitudę dobową 
temperatury gleby, powietrza i wilgotności oraz bardziej wyrównane przebiegi do
bowe tych elementów (niższe maksima i wyższe minima). W grądzie częściej niż 
w borze notowano inwersyjny układ temperatury i mokry typ stratyfikacji wil
gotnościowej. Różnice mikroklimatyczne między grądem a borem były szczególnie 
wyraźne w lecie, a największe w czasie pogody antycyklonalnej. Charakterystykę 
mikroklimatu w okresie badań przedstawia tab, 1.
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Korzystniejsze warunki klimatyczne w grądzie wpłynęły prawdopodobnie na 
wydłużenie okresu wegetacji w stosunku do boru. Poza tym w zbiorowisku grądo
wym największy rozwój runa następował w okresie kwiecień—lipiec, natomiast 
w borze trwał w jednakowym nasileniu do wczesnej jesieni (tab. 8, ryc. 12, 13).

Warunki glebowe również okazały się korzystniejsze w zbiorowisku grądowym, 
gdzie wykształciła się płytka gleba brunatna wytworzona z gez formacji kredowej, 
w borze natomiast — gleba bielicowa wytworzona z piasku luźnego (ryc. 7). Gleba 
w grądzie jest wilgotniejsza i żyźniejsza. Wskazują na to: próchnica typu insekto
wego, rzadziej grzybowo-insektowego, mniejsze zakwaszenie (miejscami wystąpił 
CaCOs), większa pojemność sorpcyjna oraz zasobność w kationy wymienne (z wy
jątkiem H + ) i składniki pokarmowe (tab. 3, 4, 5, ryc. 8, 9, 10).

Stwierdzono poza tym, że w zbiorowisku grądowym wraca do gleby corocznie 
wraz z opadem organicznym znacznie więcej składników mineralnych niż w borze 
(tab. 16, 17, 18, 19, 20).

Siedlisko grądowe wpływa również korzystniej niż borowe na rozwój mikroflo
ry glebowej (ryc. 11, tab. 6, 7). Ściółkę i pozostałe poziomy genetyczne gleby grądu 
zasiedla liczniejsza i bogatsza o nitryfikatory mikroflora. Wyższe pH ściółki grądowej 
powoduje, że większe niż w borze tempo rozkładu błonnika podtrzymywane jest 
głównie przez bakterie celulolityczne, natomiast większe zakwaszenie i mniejsza 
zasobność ściółki borowej w substancje azotowe preferuje grzyby, których wy
kryto tu znacznie więcej niż w grądzie.

W odmiennych na obu powierzchniach warunkach siedliskowych rozwija się 
różne pod względem składu florystycznego runo. W zbiorowisku grądowym stwier
dzono 4,5-krotnie większą liczbę gatunków. Z ilości tej przeważającą grupę stanowią 
rośliny mezofilne, podczas gdy w borze dominują gatunki o budowie kseromorficz- 
nej. Również zagęszczenie roślin w grądzie było w obu kolejnych latach badań 
prawie 3 i 2 razy większe niż w borze. W rezultacie globalna produkcyjność runa 
grądowego okazała się 4,5 i 1,4 raza większa niż borowego (tah. 9, 10). Oczywiście 
pewną rekompensatę stanowią mchy, które w borze osiągają duże pokrycie, bio
masę i produkcyjność (tab. 11). W grądzie mchy nie wystąpiły. W każdym przypad
ku o produkcyjności runa i mchów decydowały w obu zbiorowiskach gatunki pa
nujące.

Opad organiczny w grądzie był w obu latach badań większy niż w borze. 
Ponadto w zbiorowisku grądowym zaznaczył się o wiele większy udział liści. W opa
dzie obu ekosystemów przeważały szpilki sosny i w mniejszym stopniu drobne 
gałązki (tab. 12, 13, 14, 15).

Drzewostany obu ekosystemów leśnych, o strukturze charakterystycznej dla 
zrębowego sposobu zagospodarowania (ryc. 14, 15, 16, 17), różniły się składem 
florystycznym, zagęszczeniem i bonitacją. Różnice zasobów drzewnych na obu po
wierzchniach były niewielkie i nie przekroczyły 10% na korzyść zbiorowiska grą
dowego (tab. 21). Drzewostany sosnowe obu zbiorowisk znajdują się w pobliżu kul
minacji przyrostu miąższości (tab. 22).

Młodsza o 7 lat sosna w grądzie wykazuje wyższą bonitację i nieco wyższą 
produkcję drewna w poszczególnych okresach wzrostu. Ponadto drzewostan jej re
prezentuje typ 2 o wzroście normalnym, podczas gdy w borze typ 3 o wzroście 
przedłużonym. W okresie 50-letnim całkowita produkcja miąższości drewna Pinus 
silvestris na powierzchni grądowej była o ponad 30% wyższa niż na borowej (tab. 23).

W wyniku przeprowadzonej analizy ekologicznej stwierdzono korzystniejsze dla 
53-letniej sosny warunki siedliskowe w zbiorowisku grądowym z rzędu Fagetalia.
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Odzwierciedleniem tego jest nieco większy stan zasobów drzewnych grądu oraz 
wyższa bonitacja i produkcyjność drewna Pinus siluestris.

Stwierdzenie powyższe sugeruje, że na Roztoczu sosny należałoby podsadzać 
na siedlisku lasów liściastych lub mieszanych typu grądowego. Do zagadnienia tego 
ustosunkowaliśmy się krytycznie już w części I, a zwłaszcza w III, podsumowującej 
4-letnie badania.

PE3IOME

MccjieflOBanna npoBOflnjincb b flByx jiecHfaix 3K0cncTeMax iiafljiecHnnecTBa 3Be- 
jKHHep b IJeHTpajibHOM P03TOne (puc. 1). IIpeflCTaBnTejieM nepBOń n3 hmx HBJiaeTca 
rpyflOBoe cooómecTBo pa«a Fagetalia, a BTopoił (KOHTponbnoft) — 6op cochobłih 
CBejKbiii Vaccinio myrtilli-Pinetum. B o6enx 3K0cncTeMax ,ąoMHHnpyeT cocna. IIo 
CBoeMy djjiopMCTnnecKOMy cocTaBy (puc. 3, 5) w MecTOOÓHTaHnio stu SKOcncTeMbi 
HBJiaioTCH TnnMHHbiMH fljia Po3TO'ie n 3aHHMaiOT na ero Teppnropnn óojibinne no- 
BepXHOCTM.

H3yHaeMbie jiecubie 3K0cncTeMbi 3annMaiOT Teppirropnn c pa3HbiM penbecfiOM. 
TpyflOBoe coobipecTBO pacnpocTpaneHO b BepxHefł n BepinnHHOił napTnax bbicokom 
B03BbimeHH0CTn c nojioruM ckjiohom n flOBOJibHO CoJibmnMn pa3HnqaMn othoch- 
TejibHOn BbicoTbi na nccjieflyeMoii TeppnTopnn (puc. 2). CocnOBbiń 6op 3aHHMaeT 
noHMJKenHbie xojiMHCTbie TeppwTopnn c HeCojibinnMH pa3HnpaMn OTiiocHTejibnon 
BblCOTbl (puc. 4).

IIo cpaBneumo c óopoBbiM cooómecTBOM rpyflOBoe SbiJio xojio«Hee n BjiastHee 
(Taóti. 2). CyTOHHaa aMnanTy^a TeMnepaTypbi nonBbi, BO3flyxa n BJiajKHOern y rpy/ta 
Bbijin MeHbme, a cyTOHHbiii xofl 3thx aaeMeiiTOB Goaee poBHbiń (nn3inne Maxcn- 
ManbHbie n Bbicume MmiuMajibHbie). B rpy/je Hanie, neM b 6ope KOHCTamponajincb 
HHBepcnOHHbie cooTiioiiienna TeMnepaTypbi n MOKpbiił Tnn bjihikhocthoh CTpaTK- 
<t>nKaunn. MnapoKanMaranecKne pa3iinpbi Meat/ty rpyaOM u SopoM 6buin ocobemio 
OTaeTjinBbi jieTOM, a Han6ojibiunMn — bo BpeMa anTnunKaoiiHOń noroflbi. Xapax- 
TepncTMKa MHKpoKJiiiMaTa b nepnofl nccaeflOBannn npeflCTaBJiena b Taóji. 1.

Bo3mojkho, hto 6ojiee ójiaronpuaTiibie KjiMMaTmiecKne ycjioBna b rpyfle no- 
Bjinajin na y^annenne nepnofla BereTapnn. KpoMe Toro, iian6ojibinee paoBHTne Tpa- 
BanncToro noapoBa b rpyflOBOM cooSipecTBe npnxoflnaocb Ha nepnofl anpeab—raojib, 
a b 6ope npoflOjnKajiocb c OflnnaKOBon MHTencHBnocTbio ao paHneń ocean (Ta6a. 8, 
puc. 12, 13).

Taninę n noHBenHbie ycaoBna 0Ka3aancb 6oaee óaaronpnaTiibiMn b rpyflOBOM 
coobipecTBe, r«e <J>opMnpoBaaacb Heray6oxaa KopnaHeBaa noaBa, o6pa3OBaHHaa H3 
re3 MeaoBoii {popMaunn, a b 6ope — nofl3oancTaa nonsa, o6pa3OBaHHaa M3 pbixaoro 
necaaHHKa (puc. 7). non Ba b rpyjje 6oaee Baanma u naoaopoflHa, aeM b 6ope. 06 
3tom CBnfleTejibCTBywT: ryMyc rmceicTOBoro, peace rpnóo-nHceKTOBOro Tnna, Menb- 
uiee 3aKMCJieHne (MecTaMn BbicTynaaa CaCOj), Boabiuaa eMKOCTb noraomeHna, 
a TaKHte 6oraToe coflepmaiine o6MeHHbix KaTHOHOB (3a ncKjnoaeHneM H+) n nMTa- 
TenbHbix BemecTB (Ta6a. 3, 4, 5, puc. 8, 9, 10).

KpoMe toto, 6biao ycTanoBJieno, hto emero/uio b rpyflOBOM coobipecTBe BMecTe 
c opraHunecRMM onaflOM b no a By B03BpamaeTca 3na’!HTeabH0 6ojibme Mnnepajibnbix 
KOMnOHeHTOB, aeM b 6ope (Ta6a. 16, 17, 18, 19, 20).

TaKJKe 6oaee 6aaronpnaTHbiM 6bijio BanaHne rpyflOBOro MecT006nTaHna Ha pa3- 
BnTne nOHBeHHOń MHKpocJiaopbi. IIo cpaBHenmo c 6opoM, noflcrajiKy n ocTaabHbie 
reHeTnnecKne ropn3OHTbi nonBbi rpy/ta 3acejiaeT 6ojiee MiioroancaeHHaa n 6oaee
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6oraTaa MHTpo<t>MKaTopaMH MMKpotJjjiopa. Bbicnme pH rpy^OBOń no^CTHJiKM npw- 
BOflHT K TOMy, HTO CblCTpeMUIHM, HeM B 6ope TeMn pa3JI0?KeHMH KJieTBaTKM nOfl- 
flepjKMBaeTca b ochobhom nejunojiojiMTHnecKHMH 6aKTepnBMn, 3aTO bojibiuee 3a- 
KHCJieHMe m Menbiuee cofleparaHwe a30THbix BeujecTB b noflCTMjiKe flaioT npemiy- 
mecTBO rpn6aM, KOTOpbix 3flecb 3naHMTejibno 6ojibme, aeM b rpyfle.

B 3TMX pa3HbIX yCJIOBHHX MeCTOOÓHTailHH pa3BHBaeTCH pa3J!MHHblii no CBOeMy 
(JjjiopncTHHecKOMy cocTaBy TpaBaiincTbiń noKpoB. B rpyflOBOM cooSujecTBe oGnapysce- 
no b 4—5 pa3 6ojibine bm^ob, neM b 6ope. B nepBOM cooSmecTBe npeo6.ua/iaiOT Me30- 
<J)MjibHbie pacTenna, a bo btopom — Bn«bi c KcepoMopcJjubiM cTpoeHneM. Taicaie 
u rycTOTa ctohhhh pacTennn bo Bce ro//bi nccJieflOBannn b rpy//e 6biJia no*iTn 
b 2—3 pa3a Bojibine, 'ieM b 6ope. B pe3yjibTaTe najionaa npo/iyKi/MH rpy^OBoro 
TpaBHHncToro noKpoBa 0Ka3aJiacb b 1,4—4,5 pa3a Bojibine, neM 6opoBoro (TaBji. 9, 10), 
Kohchho, HeKOTopon KOMneHcai/neii hbjihiotch mxm, 3aHHMaiomne b 6ope Bojibinyio 
noBepxnocTb m oSjia^aiomne óojibineił SnoMaccow u npo//yKTHBnocTbio (Ta6ji. 11). 
B rpyne mxh He Haóaio/iajiMCb. O npo/iyKTMBHOCTH mxob m TpaBHHneroro noicpoBa pe- 
majiM rocnoflCTByromMe BM//bi.

OpraHMHecKMii onafl b rpy//e b roflbi nccjiez/OBaiinii 6bui 6ojibine, neM b 6ope. 
KpoMe Toro, iiaSaioflajiocb 3HannTejibH0 Bojibinee yiacrae jiMCTbeB b rpyz/OBOM co- 
oCmecTBe. B jiwcTOna/ie o6omx SKOCMCTeM npeo6aa/,ajin npeac/je Bcero cocHbi 
u b MeHbineft CTeneHM neGojibiiiMe bctkh (Taóji. 12, 13, 14, 15).

J],peBOCTOM o6ewx jiecHbix 3K0cncTeM, cTpyKTypa kotopmx HBjiaeTca xapaKTep- 
hoh fljia BbipySnoro cnocoóa ocBoenna (puc. 14, 15, 16, 17), OTJiMHaJincb (J>jiophctm- 
necKHM cocTaBOM, njiOTHOCTbio u óoHMTai^Mew. /ipeBecHbie pecypcw na o6enx no- 
BepxHOCTax SbiJiM noHTH OflHHaKOBbie (npeo6jia//anne rpy^OBOro cooSmecTBa He 
npeBbiinajio 10%, Ta6ji. 21). CocHOBbie //peBOCTOw o6omx cooómecTB pacnojioaceubi 
b6jim3m KyjibMMuaBMOHHOro nyHKTa npnpocTa //peBecHHw (TaSji. 22).

HeCMOTpa Ha to, hto cocHa b rpy//e MOJioace cocubi BTOpofi 3K0cncTeMbi na 
7 jieT, b OTfleabHbie nepMOflbi pocTa OHa npoaBJiaeT 6oaee BbicoKyio 6oHMTai/mo 
m naeT HecKOJibKO 6ojjbmyio npoayKHHio ^peBecnnbi. KpoMe Toro, ee flpeBOCTon 
npeflCTaBjiaeT co6om TunHHiibiii ApeBOCTOii 2-ro Tnna c nopMaabHbiM poctom, a b 6o- 
pe — Twn 3 c yfljiMHeHHbiM poctom. B TeneuMe Bcero 50-jicthh nojmaa npo/iyKiiMH 
oS-beMa flpeBecMHbi Pinus silvestris Ha rpy/ioiion noBepxnocTH 6biaa na 30% Bbiuie, 
neM na SopoBOii (TaSji. 23).

B pe3yjibTaTe ripoBe/zenHoro SKOJiorMuecKoro aHajima Jiynume ycjiOBwa MecTO- 
o6nTannB fljia 53-jieTneii cochm oÓHapyaceubi b rpyflOBOM cooStpecTBe pana Flfi- 
getalia. OTpaateiiMeM 3Toro HBjiaeTca HecKOJibKO Bbicuiee cocToaime ApesecHbix pe- 
cypcoB rpy/(a, 6oaee BbicoKaa 6onnTai/na u ApeBeciiaa npo^yKTMBiiocTb Pinus sil- 
vestris.

143 Bcero cxa3aHHOro Bbiuie cneflOBaao 6bi cfleaaTb bwboa o neo6xo^MMOcTn 
noflcajKWBaHHH cocubi Ha MecTooSuTauMa jincTBenHbix hjih CMemaHHbix jiecoB rpy- 
flOBOro THna b Po3Tone. CBoe KpMTHnecKoe OTHOiueHMe k oto My aBTopbi BWCKaaajiw 
yace b I nacTM pa6oTbi, pa3BepHyB ero 3aTeM b III nacTM, nocBameHHOft noz/Be/zeiiwo 
MTOrOB HeTbipeXJieTHHX MCCJieflOBaHHM.

npeo6.ua/iaiOT
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