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PRIMARY PRODUCTION OF THE HERB L ·AYER AND PLANT FALL 
IN A DRY PINE FOREST (CLADON/0-PINETUAJ KOBENDZA 193)) 

IN THE KAMPINOS NATIONAL PARK 
I 

(Ekol. Pol. 18: 393:409 ). Herb layer production, moss and lichen biomass, 
and the plant fall from trees and shrubs was studied in Cladonio-Pinetum Kobendza 
1930 association in the Kampinos National Park near Warsaw in 1967. 

These investigations folDl part of an extensive research programme on the biological 
production of terrestrial ecosystems, carried ou.t in a large number of forest associa· 
tions in northern Poland by the Institute of Ecology, under the International Biological 
Programme. 

INTRODUCTION AND DESCRIPTION OF THE STUDY AREA 

Within a complex research programme on biological production carried 
out in a large number of forest associations by the Institute of Ecology, 
Polish Academy of Science, under the International Biological Programme, 

endeavoured to estimate the production of herb layer and plant fall in a dry 
pine forest. These studies include not only chosen elements of primary pro
duction but also secondary production of small rodents feeding on this primary 
pro duct ion. 
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Dry pine forest (Cladonio-P in eturn Kobendza 1930} 

Tab. I 
• 

Successive number of the record 1 2 3 4 5 6 7 8 

Cover of the tree layer (%} 20 15 25 45 35 25 50 25 
tt shrubs " " " " 

" " herb " " " 
tt .. ·moos " " " 
11 11 " lichens " " 

Number of the species 

vascular plants " " " . 
• spec1es 

5 
30 
30 
60 
12 

7 

5 
40 
50 
40 
15 

8 

10 
35 
2S 

10 
15 

9 
. 

5 
25 
50 
10 
15 
8 

20 
25 
70 
15 
21 
15 

20 
50 
70 
15 
16 
11 

. 
20 
50 
45 

• 
18 

14 

5 
20 
40 
+ 
10 

10 

Trees: 

• 
. 

Pinus silvestris L. al 
tt " ~ 

b " " .. 11 c 
Que reus robur L. ~ 

b " " .. c " 
P opulus trernula L. b 

c " " 
Betula verrucosa Ehrh. b 

2.1 

+ 

1.1 
1.1 

2.1 
+ 
+ 

1.1 

1.1 
1.1 

2.3 
1.2 
+ 

2.1 

2.1 

3.4 
1.1 

+ 

1.1 
2.1 

3.4 
2.2 
+ 

2.1 
1.1 
+ 
+ 

2.3 
2.2 
+ 

2.1 
1.1 

4.4 
1.2 
1.1 
+ 

1.1 
2.1 

1.1 

2.1 

+ 
2.1 
I. 1 

Species characteristic and differential 
of thP association 

F estuca ovina L. 
Cladonia sylvatica (L.) Rabenh. 
C. rangiferina (L.) Web. 

3.2 
2.2 
3.2 

2.2 
2.2 

3.3 

1.2 
1.2 
1.2 

1.2 
1.2 
I. 2 

2.2 
1.2 
1.2 

2.2 
1.2 
1.2 

1.2 1.2 

. 



• 

Luzula multiflora (Retz.> Lej. 1.2 1.2 1.2 + + + 
Dicranum scoparium Hedw. 2.2 + 1.2 2.2 
Carex ericetorum Poll. 1.2 1.2 + + . + 
Cladonia eo m uta (L.) Schaer. 1.2 + + 1.2 
C. deformis (L.) Hoffm. +.2 +.2 
Agrostis canina L. var. arida 1.2 
Rumex acetosella L. 1.2 

Species characteristic of the 
alliance, order and class '1j .., 
Vaccinio-P iceetea 0 

c: 
~ 

Melampyrum pratense L. (") 2.1 + 2.1 .... 3.1 1.1 .... 
Dicranum undulatum Eh rh. 1. 2 0 2.2 1.1 2.2 = 

. Vaccinium myrtillus L. 2.3 + 2.3 1.2 
0 

.... ~ V. vitis idaea L. ~ 3.2 ~ 

tr 
~ Accompanying species .., 

2.1 1.1 2.1 2.1 2.1 1.1 -t:r' . 
I uniperus communis L. 1.1 ~ 
Calluna vulgaris (L.) Salisb. 1.2 .2.3 3.3 1.3 2.3 2.3 .., ~ 2.3 1.2 
Entodon Schre beri (Wild.) Mnkm. 1.2 3.3 3.3 4.4 4.4 3.3 CD 

t:s 
Con vallaria maialis L. ~ 1.3 3.3 1.3 1.2 "'t:: 
Hylocomium splendens (Hedw.) Br. eur. 1.1 2.3 1.1 -Q) 

Cladonia furcata <Huds.) Schrad. +.2 +.2 +.2 +.2 = .... 
Peucedanum oreoselinum (L.) Moench e. -

~ 

1.1 1.1 
P olygonatum odoratum (Mill.) Druce + 1.1 
Agrostis vulgaris With. 2.2 2.2 
Hieracium pilosella L. 1.3 
C eratodon purpureus Brid. + 
Cytisus n igricans L. + 
Genista tinctoria L. + 
Solidago virga-aurea L. + 
Calamagrostis epigeios + . 
Hypericum perforatum L. 1. 2 

I 
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I carried out my investigations within a large area of pine forests in the 

eastern part of the Kampinos Forest (Nowy Dwor Mazowiecki administrative 

district, Warsaw voivodship). The study area is situated at the foot of a very 

large parabolic dune called Wywrotnia Gora, on the side of its gentle windward 

slope. The terrain is not unifonnly flat - there are little hillocs and hollows 

- and the whole area is gently sloping westward. Under the circumstances, 

both habitat conditions and vegetation are differentiated to some extent within 

the range of six hectares; the size of area under study is determined by the 

investigations on rodents. 
1'he soil in the study area consists of loose dune sands, somewhat 

fine-grained, without raw humus horizon and with low humus content. It 

contains a very small amount of food components and is acid. It is vert dry 

in summer, since it is formed from deep sands. It would seem that water is 

the chief limiting factor in this habitat, especially for herb layer vascular 

plants with shallow roots. 
1'he study area has a thin cover of pine forest; the average height of the 

pine trees is about 12 m. The oak trees, Quercus robu~, occur occasionally, their 

number being larger in the northern part; there are several birches in one 

of the depressions. Tree-cro\vn cover is neither dense nor uniform (Zl-60%), 
and there ar~ places completely devoid of trees. The undergrowth is scanty, 

and consists chiefly of juniper bushes and young oak trees which, although 

very scantily represented in the tree layer, sprout again and grow back afresh 

better than pine. 
Herb layer cover is poor and varies greatly, from 20 to 50%, with an average 

of 25%; it is only in certain depress ions that there are occasional compact 

patches of heather. Apart from the pine-tree crowns, the moss and lichen 

layer is the best developed layer of vegetation in this forest; taken together 

its cover varies from 30 to 80 %, with an average of 50%. There are, however, 

some places closely covered by a dense n1oss carpet and patches of almost 
bare earth. Mosses play a far more important role than lichens in this layer, 

particularly in lower and more shaded places. Lichens form considerable 

patches in places, and occur almost everywhere in small amounts. 

'The species composition and structure of the vegetation in the study 

area are illustrated by the table of phytosociological records (Tab. 1). The 

analysis of the table shows that the forest associations covering the study area 

should be considered as belonging mainly to the Cladonio-Pinetum Kobendza 

1930 association (Ko bend z a 1930; Traczyk 11., Traczyk T. 1964!). 1'he rela
tively extensive patches of Vaccinio myrtilli-Pinetum association (see 1'ab. I

record no. 7) occurring in depressions fonn a complex of several variants 

of pine forest; this increases the mosaic character of the habitat exwnined. 

1 Phytosociological description of the reservations in the National Park of Kampinos 
(tnsc.) in the Direction of the National Park of Kampinos. 
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The mosaic character is n1anifested in the configuration of the area, in the 

different density of the tree stand and - the most important point in the se 

studies - in the highly mosaic character of distribution of species in the 

lower layers of vegetation - both the herb layer and the n1oss and lichen 

layer. 

STUDY METHODS 

I carried out my investigations on the primary production of a dry pine 

forest by the method proposed by Traczyk (Trac zyk 1,. 1967a, 1967b); some 

slight deviations from this method were necessitated chiefly by the poverty 

of the plant cover in the habitat under study. 
Analysis of increase in mass of the above-ground parts of herb laye·r 

plants and density of individuals was made solely in relation to vascular 

plants. The standing crop hiomass of mosses and lichens was evaluated 

only on the days on which I carried out the examinations. 

In these investigations, the biomass produced by individual species 

was used as the initial value for calculation of the herb layer biomass 

produced during one year. The annual production of individual herb layer 

species, i.e. the biomass produced by them in 1967, was detennined by 

multiplying the average growth of individuals of each species by its average 

density in the study area. 
I defined density twice: on July 25th and 26th, and on September 5th 

and 6th 1%7. On each of these dates I took samples by throwing at random 

a hoop covering an area of 0.1 n12 
; within the hoop I found the number of 

individual plants, above ground shoots or clumps of p articular species of 

vascular plants, depending on their life fonns. I listed the data collected 

on these two dates, jointly, since they differed very little from each other. 

I calculated the density of particular species of vascular plants on the 
basis of 200 samples. 

F'or the purpose of estimating organic production, I used only samples 

which occured with relatively large frequency in the study area. In order 

to select these species I calculated their frequencies (in percentages) from 

200 samples collected for definition of density of species. My estin1ate of 

the primary production of the herb layer is based on species with the frequency 
higher than 1%. 

1'he average increase in the mass of individuals for the various species 

of vascular plants was calculated on the basis of samples taken in amounts 

approximately proportional to their density in the study area. With the majority 

of species I carried out sampling in July at the same time as the hoop samples 

for density, and for four species Vaccinium vitis idaea, M elampyrum pratense, 

Calluna vulgaris and pine .seedlings in September, also on hoop sampling 
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days. I dried the samples (at 85°C for 48 hours) and weighed them with 

accuracy to 0.00 1 g. 

I carried out additional investigations in relation to F estuca ovina, the 

only plant fructifying abundantly in the herb layer of the study area in 1967. 

In order to define its density I selected four places differing markedly in the 

herb layer and in each of them, I threw at random 40 squares measuring 1 m2 

in area. Within these 160 squares I counted all clwnps of the species in 

question and all the fruiting stalks, obtaining· in this way their average den

sity per 1 m2 o.f the forest floor. I also took samples of the panicles with 

mature caryopses in order to determine the fruit hiomass. As it was difficult 

to separate the husk from the grain, I estimated the fruit production of this 

species with grains unhu sked. 

I determined moss biomass in the following way. When laying out hoops 

to determine the density of vascular pl ants I collected all the mosses and 

lichens found within these hoops and, at the same time, defined their degree 

of cover. I dried and wei ghed both mosses and lichens, without segregating 

them into species. I calculated the mean value of moss and lichen hiomass 

per 1m2 on the basis of 200 samples taken on two different dates. 

On the whole, I used the method given by Traczyk (1967b) for estimating 

the extent of plant fall. I laid out 25 metal hoops 0. l m2 in area at random 

iri different places, and l eft them permanently on ground cleared of litter 

and plants. I took sample s at intervals of 1-2 months, with a longer gap 

during the winter period (from December to April). On account of the differ

ences in intervals between the vari ous samples, I converted the plant fall 

values obtained, into mean daily values for the periods between samplings. 

RESULTS 

Fl o r i s tic composit i on 

'fhe rloristic composition (Tab. I) of the herb layer in the area of the 

pine forest under study i s very poor. Although I found as many as 24 species 

over the whole 6-hectare area with a 
• 

mosaic structure, 11 of this number were 

species occuiTing only s poradically. Individual records (corresponding to the 

area of lOO m2
) gave only 7-15 species each in the herb layer, and only 

7-8 in places repre senting typical dry pine forest. It was only the sum total 

of species from several re cords made in different parts of the study area (that 

is, from several hundre d square metres), which exceeded the nwnber of species 

found in 200 random s amples measuring 0.1 m2 in area (17 species). 

The floristic l ist of the association is lengthened by the mosses and 

lichens commonly occuring there. The list of these plants in the phyto

sociological table does not, however, pretend to be exhaustive, neither can 

it be compared with the results of sampling for frequency of vascular plants 



Frequency,. density and biomass productio.n of herb layer (Dry pine forest (Cladonio-Pinetum) in Old Kampinos Forest> 

Tab.II 
. 

Average density Net production - P 
2 ~ D in g/10 m Individual a Fre- Q.. Plant species No. average c: quency per 

• ~ % 0 
10m 2 1ncrease V+ f common % %cum. ..... 

0 
I:S 
0 ......_ 

C alluna vulgaris 21 354 48 200 Oe2270 80.4715 80.4715 45.5 45.5 ~ 

• . ('D C onvallaria maialis 14 52 7 60 0.8404 44.1210 44,1210 24,9 70.4 
p-

. ~ 

F estuca ovina {veg.) 14 35 5 70 0.2687 9.4045 ... ~ 
15.8503 9.0 79.4 t:r 

" " (fruct.) 6 20 3 40 0.3228 6.4558 -CD 

V accinium vitis idaea 12 122 16 100 0.0906 11.0532 1I,053 2 6.2 85,6 
"< 

CD ... 
V. m yrti llus 6 76 10 100 0.1241 9,3722 9,3722 ~ 5.3 90.9 

C» 

c::l.. 

M elampyrum vulgatum 17 44 6 50 0,2107 9.3782 9.3782 5.3 96.2 "'t:: 

g --Carex ericetorum 4 13 2 30 0,2486 3.2325 3.2325 1.8 98.0 
......_ 

Quercus robur {seedl.) 4 4 I IO 0,35I1 1.5800 1,5800 0,9 98,9 C» -P inus si lves tris (seedl.) 6 8 I 20 0.0524 0.4450 0,4450 0,3 99.2 -
Genista tinctoria 1 4 1 10 0,1375 0,5500 0,5500 0.3 99.5 
Calamagrostis epigeio.s 2 2 1 5 0.1960 0,4000 0,4900 0,3 99.8 
Luzula multiflora 2 2 I 5 O.I175 0.2350 o. 2350 0,1 99,9 
Polygonatum odoratum 2 2 1 5 0,1300 0.2600 0.2600 0.1 100.0 



Zdzislawa Wojcik (8] 

since both mosses and lichens have been treated jointly in these samples 
. (only their mass, and not frequency of species, was evaluated) .• 

Frequency of species 

The frequency values obtained for herb layer species (ratio of full samples 

to total number of samples expressed in percentages) have been set out in 

Table 11. It can be easily seen that these values are very low. In the case 
of one species only freqency is expressed by a figure slightly higher than 
20%, and while the following four occur with the frequency higher than 10%, 
the ren1aining species are only sporadic and seven of them, have been entirely 
omitted from the table, as a their frequency is lower than 1%. 

These re suits, together with data from phytosociological records are evi
dence of the poverty of the association as to number of species and their 

uneven distrihuti on over tht study area. 

Density of species 

The mean density of individuals of the various species differs greatly 

over the study area (Tab. ll) and varies from 0.5 to 35 per. 1 m2 
• Only two 

species occur with density exceeding 10 individuals per 1 m2
• The absolute 

dominant, Calluna vulgaris, occurs in a superior average number of 35 indi
viduals per l m2 

, which forms almost half (48%) of the average density of 
individuals of vascular plants in the study area .. There are also 6 species 
with the density greater than 1 / m2 

, but the density of the remainder is 
negligible. The mean density of individuals of all species is 7 4. 3/1 m2 of 
the study area. 

Annual increase in mass of individual plants 

F,igures illustrating the mean annual increase in mass of individual 
plants of the 13 most conunon species in the study area (Tab. lD never in any 

case reach as much as 1 g of dry mass. Maximum individual increase of the 
upper parts of plants found in Convallaria maialis was only 0.84 g, while 
the annual increase in over half the species is less than 0.1 g per indi
vidual plant. 

Fructifi .cation 

l,he majority of species in the herb layer of the pine wood examined 

either did not fruit at all or only very weakly. Only Festuca ovina, which 
occurs in relatively great density, fruited abundantly. Production of its fruit 
'AfOQ thP.refore determined per unit of area and the following results obtained: 
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1. Density of fruiting stalks per 1 m2 of the forest floor= 2.0087; 
2. Ratio of fruiting stalks to clumps = 1 (2.0087 / 2.] 2SO); 
3. Dry mass of caryopses from an average panicle at the time of fruiting= 

= 0. OID5 g; " 
4. Production of unhusked caryopses = 0.0412 g/m2 

, that is 0.4 kg per 1 ha; 
5. Ratio of fruit hiomass to total hiomass of the species in the study 

area was 2.25% (on an average). 
1'hese figures served not only to render the values obtained from sampling 

for density and biomass more exact; they also have their own intrinsic value 
as an estimate of the supply of the only food available to certain groups 
of small mammals in this poor habitat. 

A further three species from among the remaining fruited in the herb layer 
of the pine forest: 48% of the individual plants fruited in a population of 
Melampyrum pratense, 29% of the aerial shoots of Luzula multiflora, and 
26% of Carex ericetorum. The mean hiomass of individual plants of the species 
in 1'able II, however, was calculated jointly on the basis of the mass of 
both fruiting and non-fruiting individual plants. 

Calluna vulgaris, although flowering very abundantly, did not fruit at all, 
and other species such as Convallaria maialis V accinium vitis idaea, V. 
myrtillus, Genista ti'lctoria and Polygonatum multiflorum (L.) All., did not 
flower at all during the summer-months of 1967. 

An n u a 1 p r o d u c t i o n o f in d i vi d u a 1 s p ec i e s 

Annual production of species occurring in this layer of the pine forest 
(1'ab. · II) varies within wide limits. Maximum production of the dominating 
species (Calluna vulgaris) is 8 g of dry mass per 1 m2 of the study area. 
Production of the subdominant (Convallaria maialis) is about 4.5 g /m2

• Nine 
species, however, do not even produce 1 g from 1 m2 

, the production of five 
of them falling even below 0.1 g/ m2 

• 

Annual increase in mass of species and their density 
and frequency 

The fact that a particular species gives maximum production does not 
necessarily tnean that its density is also maximum in the study area. Although 
the absolute dominant in respect of organic mass production (Calluna vulgaris) 
is sirnultaneously the n1ost numerous species (density= 35.4 individual plants 
per 1 m2

), and most frequently encountered (frequency - 21%) yet the pro
duction subdotninant (Convallaria maialis) is much less nu1nerous than Vac
cinium vitis idaea, which in respect of bion1ass production con1es only fourth 
in this order. V. vitis idaea and pine seedlings, although occuring with the 
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same frequency, differ greatly both in respect of density per 1 m 2 
, and pro· 

duction value per unit of area. Melampyrum pratense, a species with fairly 
considerable density and high frequency, produces very little biomass on 
account of the negligible mass of the individual plant. Convallaria maialis, 
which is not much more nwnerous in the study area, yields 50 times greater 
organic production. V. vitis idaea and M. pratense give identical production 
per 1 m2 

, with different density and frequency as the result of different indi
vidual mass. 

Annual production of the herb layer 

Joint production of vascular plants of the herb layer in the pine forest 
was assessed as 17.691.3 g /m2

, which is equal to 177 kg per 1 ha. This 
production is distributed in the study area between 13 species characterized 
by frequency higher than 1% and density of at least 1 individual plant per 
10m2 

• 

• Weight structure of herb layer Increase 

It is obvious from comparison of net production of speooes fonning the 
herb layer of a dry pine forest (Tab. 11) that 70% of the total production is 
fonned by two dominating species only (Calluna vulgaris and Convallaria 
maialis). A further 5 species fonn the next 27%, and the last 6 - only 2% 
of joint production. A certain completely negligible percentage (0.5), is 
probably fonned by species occurring sporadically and not included in the 
table (the figure in brackets is of course only approximate, since it was 

calculated from a very small number of individual plants). 

Biomass of vascular plants of the herb layer 

The biomass of vascular plants in the herb layer of our dry pine forest, 
i. e. the sum total of their annual increase (17. 7 g/ m3 

) and old biomass that 
remained from previous years (5.03 g/ m2 

) is 22.7 g / m2
, i.e. Z27 kg per ha. 

R at i o of t h e o 1 d b i o m as s to t h e c u r r e n t y e a r' s b i o m a s s 

The ratio of the hiomass produced in previous years to that produced 
during the current year by herb layer plants in the pine forest is 28.5%; in 
relation to the whole of the herb layer biomass this is 22%. This is an 
unexpectedly small value for a coniferous forest (Tr ac z y k T. 1%8). It 
was found that under these extremely dry conditions very little organic matter 
is accumulated from year to year in the upper parts of herb layer plants. In 
many plants these parts dry up during the summer and next spring's growth 
starts from the underground organs once again. It is primarily V accinium 



403 [ 11] Production of the herb layer and plant fall 

vitis idaea which grows in this way, and which in 1%7 was· represented in 
the herb layer mainly by very small current year plants; it was also true for 
V. myrtillus. 1'he organic mass above ground left from previous years consists 
chiefly of Calluna vulgaris, with a very small admixture of V. myrtillus and 
small oak seedlings. Very small pine seedlings vere relatively numerous 
(0.85 indiv. / 1 m2 

) during the study year. These were, however, almost no 
seedlings from the previous year or from any of the immediately preceding 
years. It would seem probable that almost 100% of the pine seedlings, at any 
rate during the last few years, died for lack of water and no biomass was 
retained from one year to another. 

Mosses and lichens 

The moss and lichen layer in the forest association examined p~ays 
a relatively · important role, this applying particularly to mosses. But my 
estimate, which forms part of the complex of studies on herb layer production, 
n1ooe ·in a large nun1ber of forest associations, does not - unfortunately -
include the yeady production of this layer. 

The joint cover of mosses· of all species estimated in 5 phytosociological 
records made on July 26th 1967, was on an average, 50%. Cover value estimated 
on the same day on the basis of lOO sarnples measuring 0.1 m2 scattered 
at randan over the study area was 50.5%, and that estimated on September 
9th 1967- 52%, the average of 200 samples being 51.2%. 

Although the distribution of mosses over the study area was not quite 
uniform, frequency of n1osses was very high. Out of 200 samples mosses 
were present in 178 (there were 18 swnples without moss in July, and 4 in 
September). Frequency was thus 89% (respectively 82% for July, and 94% 
for September), but cover differed greatly in these full samples (from 0-100%). 

Total biomass of all mosses was on an average 158 g/m2 for the study 
area, i.e. 1580 kg/ha, that is almost 1.6 t / ha. This is a very high value, 
7 tiines greater than the biomass value found in the herb layer. The biomass 
of individual species was not examined. 

No investigation was made of annual increase in mosses. If we accept, 
after Traczyk's provisional studies (Trac zyk T. l%7b), that annual 
increase in mosses is about 1/ 3 of total biom ass, then the value sought 
for will be 52.66 g /m 2

, that is 5Z7 kg / ha. This is a value almost three times 
greater than the value of the annual production of the herb layer. In this 
extremely dry pine forest association, however, the ratio of annual increase 
in mosses to the currently existing biomass in the study area may turn out 
to be quite different from that in a wet meadow where Traczyk caiTied out 
his preliminary swnpling for this purpose. 

Although lichens occupy less space in the pine-forest, they fonn an 
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Plant fall from tree and shrub layers since spring 1967 till spring 

May June, July August Kind of fall 

g/ml % g/m2 % g/m2 .. % 

g/m2 0.228 4. 93 o.ooo o.oo 0.040 Oe85 Deciduous trees leaves % 0.48 o.oo 0.10 

g/m2 19.300 7. 74 21205 Be 51 19.002 7e62 Coniferous trees leaves % 40.51 32.25 44.97 

g/ml 10.338 16.40 ~.138 31.96 4.ro4 7.78 Fruits 
% 21.70 30.62 11.61 

g/ml 17.780 11.94 24.419 16.53 18.300 12.29 Plant debris % 37.32 37.13 43.32 

g/m2 47.646 10.23 65.762 13.ro 42.246 9.04 Total fall 
% 100 100 100 

important element there, which strikes the eye and distinguishes the lower 
layers of its vegetation from other forest associations. 

The joint cover of all ground lichen species estimated on the basis of 
5 phytosociological records was on an average 10%, and frequency estimated 
on the basis of 200 sampling throws - was 40%. 

Lie hen biomass in the study area assessed on the basis of 200 sampling 
throws was 11.4815 g/m2 

, i.e. 115 kg/ha. This is a considerable value, 
although far lower than the value of moss biotnass; it is, nevertheless, equal 
to almost half the total hiomass of vascular plants in the herb layer. No 
investigation was made of the annual increase in lichens. 

The total biomass of mosses and lichens is 169.5 g/m2 
, i.e. 1695 kg/ ha 

and is 7.5 times greater than the biomass of vascular plants in the herb layer 
of this pine forest. 

Plant fall 

The amount of plant fall per 1 m2 of study area (Tab. Ill and F~ ig. l) shows 
distinct seasonal variation both as a whole and in its component fractions. 
The me an daily fall per l m2 (Tab. IV), very small during winter and in early 
spring, increases greatly in spring and remains on a more or less unchanging 
average level throu.gh summer; then it increases sharply at the begining of 
autumn and reaches its maximum value in October, from which it at once 
falls to the winter minimum. 

'I'he fall of pine needles, which fonning over half (53.5%) of the whole 
fall nH1ss follows a certain pattern, which is, quite understandingly, very 

https://throu.gh
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1968 (Dry pine forest (Cladonio-Pinewm) in Old Kampinos Forest) 

Tab. Ill 

Winter and 
September October November Whole year early spring 

g/m2 % g/rn2 % g/m2 , % g/m2 % g/m2 % 

o. 726 15.41 1.532 32.5 3 1.7 ID 36.5 2 0.464 9.85 4. 710 100 
0.84 1.54 3.6 3 0.60 1.02 

6 2.896 25.23 7 2. 323 29.01 25.920 10.40 28.664 11.50 249.310 100 
7 2.92 72.80 54.70 37.07 53.53 

5.643 8.96 7.677 12.18 6.340 10.06 7.964 12.64 63.004 100 
6.54 7. 73 13.38 10.29 13.52 

16.987 11.40 17.818 11.97 13.404 9.00 40.240 27 .o 1 148.948 lOO 
16.69 17.93 . 28.29 52.04 31.% 

86.252 18.08 99.350 21.32 47.384 10.17 77.332 16.59 465.962 lOO 
100 100 100 100 100 

similar to that for total falls. Although needles fall from trees throughout 
the year, there is a distinct maximum fall in autumn; more than half of the 
total yearly fall of needles takes place in September and October (54.23%); 
there is also a minimum occurring in the winter and early spring months, even 
more clearly evident than the minimum of the whole fall. 

Leaf fall from the small number of oak trees and oaks saplings f onns 
the smallest, almost negligible, fraction of fall in a dry pine forest - only 
1%. Maximwn leaf fall is a whole month later than maximum needle fall (over 
60% of leaves fall in October and November); this, however, exerts hardly 
any influence on the dynamics of plant fall as a whole. Leaves are the only 
fraction of plant fall in the study are a which are not collected throughout 
the year. The interval in leaf fall from oaks is, however, short and late, 
lasting only through June, July and possibly the beginning of August. 

The summer maximum of flower and fruit fall, occurring in June and July, 
compensates for a certain reduction in needle fall during this time so that 
the latter is not evident in the course of the total fall. The percentage of 
flower and fruit fall in the whole of plant fall in a pine forest is not high, 
being only 13%. 

Fall of dead parts (branches, twigs, bits of bark etc.} remains on the 
same level throughout the year, decreasing slight] y only during the winter 
months. This fall is very important in a dry pine forest, since it forms l/3 
(32%) of the total plant fall. 

The total yearly mass of plant fall per 1 m2 on the bottom of a dry pine 
forest is 465.962 g, that is, 4660 kg per 1 ha. 
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Fig. 1. Plant fall from tree and shrub layers since spring 1967 till spring 1968 

A - average fall for day, B - to tal fall in whole year (g/m2); 1 - deciduous trees leaves, 

2 - coniferous trees leaves, 3 -fruits, 4 -plant debris 

Plant fall from tree and shrub layers since spring 1967 till spring 1968. Average fall 
for day in g/m2 (Dry pine forest (Cladonio-Pinetum) in Old Kampinos Forest) 

Tab. IV 

December 
June Sept.em• Octo- N ovem- Whole Kind of fall May August till 
July her her her · year April 

Deciduous trees 
leaves 0.0057 0.0000 o. 0011 0.0242 0.0479 0.0478 0.0033 0.0128 

Coniferous trees 
leaves 0.4825 0.3927 0.5278 2.0965 2.2600 0.7200 0.2048 0.6794 

Fruits 0.2584 0.3729 0.1362 0.1881 0.2399 0. 1980 0.0572 0.1713 

Plants debris 0.4445 0.4522 0.508 3 0.5662 0.5568 0.3723 0.~92 0.4059 

Total fall 1.1911 1.2178 1.1734 2.8750 3.1046 1.3381 0.5563 1.2694 

[ 14] 
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SUMMING UP THE RESULTS 

,... 

The following remarks sum up the results of studies carried out in the 
dry pine forest (Cladonio-Pinetum Kobendza 1930): 

I. The herb layer of vascular plants has the following structural charac-
tertstics: 

1. Poverty of floristic composition (from 7-15 species in a single phyto
sociological record; 17 species in 200 random samples, each measuring 
0.1 m2

); 

2. Low frequency of the majority of species (frequency is over 10% in 
the case of 4 species only); 

3. Low mean density of individual plants of all species (74 indiv. / 1m2
). 

11. Herb layer production is low: 
1. Combined production of all species is 17.7 g of dry mass per 1m2 

; 

2. Distinct domination structure is found in production - 2 species only 
' produce 70% of biomass, and 5 species - ro%; 

3. Biomass from previous years, smaller than it usually is for pine forest 
associations, fonns 22% of total standing crop biomass and 28.5% o£ cul'lent 
production. 

Ill. The moss and lichen layer plays a dominating role on the floor of the 
· forest examined - mosses predominate, and attain a high degree of cover, 

fonning a large amount of hiomass ( 1695 kg/ 1 ha). 
IV. Over 50% of the plant fall from trees and shrubs is formed by pine 

needles, and that is why the total plant fall is greatly influenced by seasonal 
fluctuations in the fall of pine needles. Similarly, fall of dead parts of trees 
and shrubs is of great importance, as they form almost l / 3 of the whole fall. 
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PRODUKCJA PIERWOTNA WARSTWY ZIOL I OPAD ROSLINNY BORU SUCHEGO 
(CLADON/0-PINETUM KOBENDZA 1930) W PUSZCZY KAMPINOSKIEJ 

Streszczenie 

W borze suchym (Cladonio-Pinetum Kobendza 1930) na piaskach wydmowych 

Puszczy Kampinoskiej zhadalam w 1967 r. produkcj~ warstwy zi6~, stan biomasy 
mchow i opad roslinny z drzew i krzewow metodami zaproponowanymi przez Traczy
k a T. (1967a, 1967b). Przedstawiana praca jest fragmentem kompleksowych badan 

prowadzonych przez Zak:lad Ekologii PAN w ramach Mi~dzynarodowego Programu 
Bi ol ogicznego w kilk.unastu zespolach leSn.ych. Obejmuj'!, one nie ty lko wybrane 

elementy produ.kcji pierwotnej, ale i produkcjE(. wtom~ drobnych gryzoni korzystaj~

cych z tej produkcji pierwotnej. 
Przeprowadzone oceny doprowadzily do uzyskania nast~pujf!cych wynikow. 
Sklad florystycmy badanego srod owiska lesnego jest bard zo ubogi (tab. I). 

W poszczegolnych zdj~ci ach (lOO m2 
) znajd owalam w rnnie 7 do 15 gatunk6w roslin 

naczyniowych, 200 pr6b rzutowych wychwytywalo ich 17. L~cznie znaladam na 
calej szesciohektarowej p owierzchni 24 gatunki. 

Frekwencja tych gatunk6w (tab. I I) jest na ogol niska. Oceniona na podstawie 

200 rzutow losowych frekwencja jednego gatunk.u (Calluna vulgaris) wynosi 20%, 
7 gatunk.6w - od 6 do 20%, 5 - od 1 do 5% i 6 - ponizej 1%. 

Zag~szczenie osobnik.ow (tab. 11) poszczegolnych gatunk.ow jest na ogol nislde 
z wyrainym d aninowaniem najlicmieJszego. Srednie zag~szczenie pEi,d6w nadziem
nych jednego gatunk.u (Calluna vulgaris) wynosi 35 na 1 m2 

, tj. prawie 48% calosci. 
Jeszcze 7 gatunk6w wyst~puje w zag~szczeniu 5rednim (1-12/m 2), a zagEi_szczenie 
reszty jest znik.ome. Zag~szczenie os obnik6w wszystkich gatunk6w wynosi sred
nio 74,3/1 m2

• 

Przyrost rocmy osobnik6w (tab. II) jest bardzo maly i u zadnego z gatunkow 
nie d ochodzi do 1 g suchej masy. Maksymalny przyrost osobniczy wykazuje Con
vallaria maialis (0,85 g). 

Jedynym gatunkiem, ktory owocowal- stosunkowo licmie w runie badanego doboru 
w 1967 r., byla Festuca ovina. Zag~zczenie jej zdzhel owocujctcych na badanej 
powierzchni ocenilam na 2 na 1 m2; produkcj~ ziamiakc:Sw oplewionych na 0,4 kg 
na ha; wskainik owocowania na 0, 26% na ha. 

Produkcja roczna poszczegOlnych gatunk.ow jako funkcja przyrostu osobnik6w 
i zag~szczenia osobnikdw na badanej powierzchni nie idzie w parze z samym tylko 
zag~szczeniem. Maksymalna produkcja gatunk.u (Calluna vulgaris) wyuosi 8 g na 1 m2; 

produkcj a 9 gatunk.ow jest m niejsza n iz 0, 01 g suchej m asy. 
Glohaln~ produkcj~ warstwy roslin zie] nych j ako sum~ przyrost6w rocznych 

poszczeg6lnych gatunkow wyst~puj 'l,cych na badanej powierzchni z cz~stoscict nie 
mniejszq, niz 1% ocenilam na 17,7 g/m2, tj. 177 kg na 1 ha. 

Stan biomasy roslin naczyniowych w runie badanego boru suchego, tj. suma ich 
przyrost u rocznego (177, 7 g/m 2 ) i biomasy starej z lat ubieglych (5,03 g/m2

) wynosi 
22,7 g/m2 , tj. 22:7 kg na 1 ha. 

W strukturze wagowej przyrostu runa zaznacza si~ wyraznie dominowanie dwu 
gatunkow, kt6re l~cznie tworz~ 70% przyrostu rocznego (Calluna vulgaris i Con• 
vallaria maialis ); nast~pne 27% przyrostu daje 5 dalszych gatunk6w. Udzial pozo
stalych gatunk6w w produk.cji runa jest znikomy. 

Stosunek biomasy z lat ubieglych do tegorocmej produkcji okreslilam na 28,5%, 

a jej udzia} w caro5ci biomasy runa - na 22%. Jest to malo jak na zbiorowisk.o 

https://gatunk.ow
https://gatunk.ow
https://gatunk.ow
https://osobnik.ow
https://gatunk.6w
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horowe. Prawdopodobnie wi~kszosc siewek i wiele p~dow wyrastajcteyeh z podziem

nyeh organow ginie w ei~u lata. 
Biomasa meh6w w badanym borze suehym wynosi srednio 158 g/m2 , tj. 1580 kg 

na ha, przy srednim pokryciu nieeo ponad 50%. Jest to wartosc 7 razy wi~ksza od 

wartosei biomasy roslin naezyniowyeh run a tego zespolu lesnego. J esliby przyj'l,c 

za Traezykiem T. (1967b), ze przyrost roezny mchow rowna si~ 1/3 ich aktual

nej biomasy, to wynosilby on 527 kg na ha. Jest to prawie 3 razy tyle eo przyrost 

roezny roslin naezyniowyeh w tym srodowisku. 

Biomasa porostow na badanej powierzehni wynosi srednio 115 kg na ha, tj. rowno 

2/3 biomasy roslin naezyniowyeh runa. Lctezna biomasa meh6w i porost6w w bada

nym borze suehym wynosi 1695 kg na ha, tj. 7,5 razy tyle eo biomasa roslin zielnyeh. 

Opad roslinny z drzew i krzewow w badanym borze suchym wyniost w ei~gu 

okresu roeznego (od kwietnia 1967 do kwietnia 1968) 4660 kg na ha. Jego maksimum 

w przebiegu roeznym przypada na wrzesien i pazdziernik, a minimum na miesic:tce 

ztmowe 1 wezesnow1osenne. 
Opad szpilek sosaowych stanowi ponad 50% calego opadu roslinnego i narzuea 

mu swojCl, dynamik~ rocznll.. 
Opad lisci z nielicznyeh drzew oraz podrostu i krzewow ma wartosc znikom(\ 

(1%). Maksimum przypada na pazdziemik i . listopad, przerwa w opadaniu lisei - na 

miesic:tce letnie. 
Opad kwiatostanow i owocostanow wynosi 13% calosci opadu, a jego maksimum 

przypada w ezerw cu i lipcu. 
Opad cz~sci martwych (gal~zi, gal~zek, kory itp.) stanowhtcy 32% calosei, ma 

w cictgu roku wartosc mniej wi~.cej wyr6wnanct ze slabo zamaezonym minimum w mie

si<tcach zimowyeh i wczesnowiosennyeh. 
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