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Abstract

Every year forest soils are enriched with nitroged phosphorus compounds due to the fall of
leaves and litter of conifer needles, mineralizatsd ground cover and decaying tree roots, as well
as precipitation. The process has been examinasloiforest ecosystems: a mixed forest (plot I)
and a young wood (plot IlI). The overall fall of fiabllected in the young wood of the Staski
National Park (plot Il) has been 3.014 t/ha- yedmictv constitutes 69.35% of the fall collected in
the mixed forest (plot I) on this territory (4.3#6a - year). The maximum intensity of duff fall oc-
curred in autumn months and constituted 62.36%6#nA0% of annual fall respectively. Totally,
46.96 kg/ha-year of N and P were supplied to tlleo§ahe plot | and 22.04 kg/ha-year in the
case of the plot Il. The precipitation enriched sloéls of the mixed forest by 33.66 kg/ha - year of
nitrogen and 1.19 kg/ha-year of phosphorus, tHe ebthe young wood — by 23.06 kg/ha - year of
nitrogen and 0.92 kg/ha - year of phosphorus.
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INTRODUCTION

Annual duff plays an important role in functioniraj forest ecosystems (Pru-
sinkiewicz et al. 1974) as well as precipitationietthconstitutes a certain kind of
natural source of biogenic elements for forestssdlitrogen and phosphorus are vi-
tal soil components necessary for plant growth dexklopment. Every year forest
soils are enriched with those elements due toahef leaves, litter of conifer nee-

dles, mineralization of ground cover and decayifitre®e roots as well as precipita-
tion. Trophic substances, which are a valuable csof nitrogen and phosphorus
compounds, are returned to the soil with the falitter of conifer needles, leaves,
cone seeds, outer bark and branches. Banaszuk)(®286widely engaged in the

quantitative research of duff in the north-eastegions of Poland. The subject mat-
ter of Prusinkiewicz and others’ research (1974} wee amount of biogenic ele-
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ments returned to the soil together with annuaf fiif Also Stachurski and Zimka
(1975, 1976) and Zimka himself (1989) dealt with fame problem and they ascer-
tained that the largest amounts of nitrogen andspihorus were withdrawn during
an autumn period of leaves ageing. Wachowska-Skaxa®66), on the other hand,
made an attempt to examine the dependence of/egigtation and forest duff. From
the researches of various authors (among othermgfn 1954, Wachowska-
Serwatka 1966) it comes out that seasonal charfgesagen and mineral constitu-
ents content in the duff, soil and plants are djosennected with temperature and
the amount of precipitation, and also, with air awid humidity. An average high
temperature and high humidity positively influeribe processes of mineralization.
In the course of decay and mineralization the ro&sisiff and the content of mineral
constituents in it gradually decrease. The elemgetting into the soil are gradually
taken by plants, especially intensively in the @érof their maximum growth. The
process of releasing nutritive substances storéukinluff is the most crucial process
on which functioning of the whole ecosystem depends

Duff fall plays a particularly important role in ghforests covering poor podsols.
Humification processes of plant fall were presenbgdDziadowiec and Kwiat-
kowska (1980). As a result of their mineralizatisimple chemical compounds are
supplied to the soil. The rate of duff mineralipatidepends on many factors and is
one of the measures of the matter cycle efficieimcyhe ecosystem (Banaszuk
1996). Studying the rate of the nitrogen releasess from organic remnants of
plant fall, Gohb estimated the time needed for decreasement of &0%te initial
dry mass of beech and hornbeam leaves. He also idipartant conclusions con-
cerning the processes of nitrogen release fronpliwet material. According to his
researches, the process of nitrogen release bagthe moment of reaching by the
material under analysis a relatively narrow ratfocarbon to nitrogen, which for
forest communities ranges from 20:1 to 30:1.

On the other hand, Kasza (1977) and Tyszka etl8B8g) examined a changeable
chemical composition of precipitation waters. Therical mechanism of precipita-
tion waters was also a subject matter of studie®$tyowska et al. (1994). Precipi-
tation water collected in the open space and utideheads of forest trees was ana-
lyzed by Stachurski and Zimka (1984), StachursBB{@). They described the proc-
esses occurring in the course of rain waters flowugh the zone of tree heads in
forest ecosystems from the point of view of qugnt#tmong the results of their
works they stated that almost 80% of the nitrogeming from the atmosphere is
absorbed in the heads of trees and so rain wagaching the bottom of the forest
are poorer in nitrogen content by this value. Similalues are obtained in forests of
different species structure of the stand of tréies a fully dynamic process con-
trolled by biotic factors and its final result deple on the scope of activity of phy-
tophages that enrich rain waters with nitrogend8ieski and Zimka 1984).

The purpose of the present paper was to find owtva@mounts of nitrogen and
phosphorus are annually turned back with the dalffdnd what amounts of them
are brought in the form of precipitation to thelsaif two different ecosystems on
the territory of the Stowiiski National Park.
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STUDY AREA

The research was carried out on the territorythef Stowhski National Park
(SNP), (Fig. 1). For the purpose of the study tiaisy of the area of 0.5 ha each
were chosen. Plots are located on the territoth®fProtection Zone of Smotdzki
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Fig. 1. Geo-morphologic sketch of Gardno — tebskevland: a) head moraine, b) ground
moraine, c¢) outwashes, d) late-glacial Aeolian fre) holocene Aeolian form, f) forms of
organogenic and mineral accumulation in valley doog, proglacial stream valleys and in
depressions

Forest and situated on two different sides of el running from Smotdaski For-
est to Czolpino, in the distance of 600 m from eettter (Fig. 2). One of them was
based on the territory of a mixed forest with guitgh, changeable level of under-
ground waters, in the distance of about 1500 m filmensea; the other one — on the
territory of a young wood, about 900 m away frora Hea, with a similarly located
level of underground waters. The changes of undargt water levels are connected
with precipitation as well as with seasonal changdake water levels (Lake Dotgie
Wielkie, Lake tebsko). Lakes soften the amplituded slow down the clogging of
waters and lowering of water levels (Tobolski et1897). The Protection Zone of
Smotdziski Forest is situated on Gardféio-tebska Lowland being an integral
part of the forest area of the Staski National Park.

The species dominating on plot | are the pine-tma@ the birch-tree of a total num-
ber of 520 trees, and the average distance bettheenis 3.10 m. The soils of plot
I have been classified as gley mezotrophic pod3dis.plot Il is covered by a pine
stand (715 trees) and the average distance betinesnis 2.64 m. Those distances
have been quoted according to Alexandrowicz 1972. oils of the plot Il are typi-
cal poor podsols. The coastal location and thecBemte cause that seaside woods
significantly differ from inland woods in the kinaf soils and floristic composition.



50 Agnieszka Parzych, Jan Trojanowski

Baltic Sea

/ -1
/ d | tebsko Lake

tebsko Spit ,6'.(:/.80';)' no "\4
— z o/

o

e Ta®,

I.'I e . 0'::
.'?;:0— \ —% //.0
%M-.{:’?.’

/4

Fig. 2. Distribution of soils concerned:
a) gley-podsol-decay soils, b) mineral-decay sojlshallow peat-decay soils d) medium-
depth peat-decay soils e) deep peat soils f) riggleg-podsols, g) proper fen soils h) com-
plex of peat and mineral soils, Ls- forest, N- barfand, RN — waste land (farming), Tz —
village premises, | —area |, Il — area ll

In shaping habitats and communities an importal& i® played by strong winds,
a relatively low average annual temperature, atively short and mild winter,
a long period without ground frost, a short and thgowarm summer, a long au-
tumn, quite low annual precipitation (about 700 mengd also, high air humidity
(Matuszkiewicz 2002).

MATERIAL AND METHODS

On the two research plots there plant fall catclérthe total surface of 3.27°m
were installed. According to Satoo and Madgwick8@,%after Sienkiewicz and Ma-
tachowska 1989) it is a sufficient surface to asskdf fall. In places chosen at ran-
dom in the open space and under tree heads, 1 ve &t®ground there were placed
polyethylene containers for precipitation equippeith double protective filters
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(Stachurski and Zimka 1984). The measurementsaoit f&ll and precipitation were
carried out seven times during the year 2003. Garame, every six weeks the con-
tent of the catchers and containers was takenseut, to the laboratory, dried to a
constant mass and divided into adequate fractioesdles, leaves, outer bark, small
branches, seeds and others. Adequate chemicalsasalere conducted. The con-
tent of total nitrogen and total phosphorus wasmeined by prior mineralization of
samples in the mixture of sulfuric acid and 30%hwdrogen peroxide. After miner-
alization total nitrogen was determined by using Kiejdahal’'s method and phos-
phorus — by a molybdate method. Mineral nitroged phosphorus available for
plants were determined with Crowther-Bilarge’s noeth(Nowosielski 1974)
through extraction of 5% solution by using of3O;. In obtained filtrate nitrate ni-
trogen (N-NQ) was determined by using of sodium salicylate; amia nitrogen
(N-NHg4) — by Nessler's method and phosphate phosphorPOP— by a molyb-
date method.

RESULTS

Duff falls during the whole year with various ingity. The results of quantitative
measurements of duff fall performed in 2003 ont#rdtory of the mixed forest and
the young wood have been presented in table 1tdtaeduff fall collected in the
young wood was 3.016 t/ha-year, which constitut@@@% of the fall collected in
the mixed forest (4.350 t/ha-year). On the plat the organic fall there dominated
fractions of needles 32.99% and leaves 27.93%Il8dst amount was constituted by
bark — 4.81% (211 kg/ha-year). The content of pfaiiton the plot Il appears

Table 1
Share of particular fraction masses in the duffdalthe territory
of the mixed forest and the young wood
Duff fall
Fall fraction Mixed forest Young wood

[t’/ha-year] [%0] [t/ha-year] [%0]
Leaves 1.214 27.93 - -
Small branches 0.841 19.34 0.200 6.78
Needles 1.434 32.99 1.661 55.13
Bark 0.211 4.81 0.910 29.97
Seeds 0.650 14.93 0.245 8.12
Total 4.350 100.00 3.016 100.00
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Table 2
Share of particular fractions of autumn fall iryaarly fall
Autumn fall [t/ha - year] Share in a yearly fall [%)]
Fall fraction
Mixed forest | Young wood Mixed fores Young woogd
Leaves 1.140 0.000 26.25 -
Small branches 0.349 0.030 8.03 3.98
Needles 1.095 1.420 25.19 47.11
Bark 0.074 0.420 1.68 12.25
Seeds 0.052 0.065 121 0.86
Total 2.710 1.935 62.36 64.20
Table 3
Dynamics of overall duff fall in the mixed forestcithe young wood
Duff fall
Fall fraction Mixed forest Young wood
[kg/ha-year] [%0] [ka/ha-year] [%0]
Spring 481.97 11.09 109.38 3.63
Summer 1016.09 23.38 527.40 17.50
Autumn 2710.17 62.36 1934.79 64.20
Winter 137.77 3.17 442.12 14.67
Total 4346.00 100.00 3013.69 100.00

slightly different. Here the dominating fraction i@ealso needles (55.13%), but sec-
ond was bark (29.97%), and the least in quantitseveenall branches — 6.78% (200
kg/ha-year).

The maximum intensity of plant fall was recordedomth examined plots in autumn
months (Tables 2 and 3). Then there was colleatedh 62.20% (plot |) up to
64.36% (plot II) of the annual duff fall. The doraiing fractions were leaves whose
fall in autumn constituted 26.25% of yearly falldipl) and needles (25.19% — plot |
and 47.11% - plot II). On both examined areas bigunts of needles were col-
lected, on the plot | — 1.095 t/ha-year and 1.428-year on the plot Il. In compara-
ble amounts there were collected seeds: 0.052yiha and 0.065 t/ha-year respec-
tively.

The dynamics of duff fall in the mixed forest ahe tyoung wood are partly similar,
namely on both plots the maximum organic fall osdarthe autumn period, a little
less duff falls in summer, that is 23.38% in theexl forest and 17.50% in the
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young wood (Tab. 3). The minimum fall was recordadwinter on the plot |
(3.17%) and in spring on the plot Il (3.63%). Thakkerences result from various
kinds of trees covering the plots under examinatiois connected, first of all, with
the fall of needles prolonging for winter monthsthe young wood.

The chemical analysis of plant fall showed the @nee of nitrogen and phosphorus
compounds. The total content of nitrogen containef@lling duff in the mixed for-
est was 45.92 kg/ha-year — (1.06%) and was twidd@gaas in the young wood —
21.14 kg/ha-year (0.70%) (Tab. 4). The dominatiomnf of nitrogen in the fall of

Chemical composition of plant fall in the mixeddst and the young wooJ—able )
Chemical Mixed forest Young wood
composition [kg/ha-year] [%] [kg/ha.-year] %]

T-N 45.92 1.060 21.14 0.700
N-NO; 0.15 0.004 0.16 0.005
N-NH,4 1.21 0.029 0.06 0.002
N-org. 44.56 1.027 20.93 0.694

T-P 1.04 0.024 0.90 0.030
P-PQ 0.08 0.002 0.05 0.002
P-org. 0.96 0.022 0.85 0.028

duff was organic nitrogen and constituted 97.090-0f (plot 1) and 99.0% of T-N
(plot 11). Inorganic forms (N-NH and N-NQ) constituted, on the other hand, 1-3%
of overall nitrogen (T-N). The analyzed duff comtzd much smaller amounts of
phosphorus compounds, that is about 1.04 kg/ha-ydsch constituted 0.024% of
the overall mass of collected duff (plot 1) and @l&y/ha-year, which constituted
0.030% (plot II). Organic phosphorus constitutenhfr92.3% (plot 1) up to 94.4%
(plot 11) of overall phosphorus (T-P). Phosphat@gthorus in the duff of both ex-
amined plots constituted 0.002% of the whole. Tatah the form of organic fall
there were supplied about 46.96 kg/ha-year of dNRato the soil of the plot | and
22.04 kg/ha-year in the case of the plot II.
The most of nitrogen (T-N) was contained in thectian of needles — 15.15
kg/ha-year (plot 1) and 11.65 kg/ha-year (plotli)that, nitrogen (N-Ng) consti-
tuted 0.05 kg/ha-year — (0.33%, plot I) and 0.0d&gyear — (0.77%, plot Il), am-
monia nitrogen (N-Nk&) 0.4 kg/ha-year — (2.64%, plot 1) and 0.033 kgylear —
(0.28%, plot II). Organic nitrogen constituted ab8d% of T-N (plot 1) and 99% of
T-N (plot II).

The maximum amount of phosphorus (T-P) was suppigbe forest soils of the

plot | by seeds, needles and leaves (respectitel®, 0.34 and 0.29 kg/ha-year).
The soils of the plot Il were enriched with overattlosphorus mainly thanks to the
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needles 0.5 kg/ha-year and bark 0.27 kg/ha-ye#iratramount, inorganic phospho-
rus constituted 0.026 kg/ha-year (7.6%, plot 1) @28 kg/ha-year (5.6%, plot II).

The dominating form of phosphorus in falling dufasvorganic phosphorus. The
poorest fractions in respect of biogenic elemenése appeared on the plot | — the
fraction of bark and on the plot Il — the fractiohbranches. Also, leaves were char-
acterized by a big amount of nitrogen (12.83 kgykar).

Needles and leaves also contained the biggest ambphosphorus. The content of
organic phosphorus in the needles from the plohdwunted to 0.32 kg/ha-year and
from the plot Il to 0.47 kg/ha-year (Tab. 5), andrganic phosphorus respectively
0.020 and 0.028 kg/ha-year. It should be statedhieacontent of phosphorus in the
needles from the young wood is by 47% bigger timathé needles from the mixed

forest. On the other hand, the content of nitrogetine needles from the mixed for-

est is by 30% bigger than in the young wood.

It results from table 6 that the most intensivecjpiation took place in July and

August (87.8 and 84.3 mm) and in October (100,6 nifigh temperatures in that

period of intensive vegetation (18.2 and 17.0°Q) elatively high air humidity for

Table 6
Chosen atmospheric parameters

ol e v [y e v v x| x| xa [ xar [AVer

age

Sum of precipitation 5, 4| g o | 12 5 24.3| 35.2| 45.3| 87.8| 84.3| 59.6|100.6 20.4| 65.4| 49.9

[mm], Kluki

Average relative air| g, 51 g1 5| 78 7| 76.1| 77.1| 76.1| 86.3| 84.6| 85.8| 87.8| 94.2| 89.4| 83.5
humidity [%], Ga¢é

ézrcf‘perat”re [Cl | 12| 36| 12| 51| 12115.8/18.2|17.0|132| 5.8 | 54| 29| 7.7

Kluki, Ga¢ — localities situated near Smoftigki Forest (area of SNP)
Data of the Climatology and Hydrology Departmeritstitute of Geography of the Pomeranian Peda-
gogical University of Stupsk

Table 7
Chemical composition of precipitation
T-N N-NH,4 N-NO; T-P
Spot of collecting fall
[kg/ha-year]
Open space 20.88 8.47 12.34 0.42
Under trees, | 35.45 13.07 20.59 1.19
Under trees, Il 26.58 8.49 14.57 0.92

I- mixed forest, Il- young wood, T-N — overall mgen, T-P — overall phosphorus
Chemical composition calculated on the basis ofly@enount of precipitation in 2003 (Kluki) — 5996m

(data of the Climatology and Hydrology Departmentstitute of Geography of the Pomeranian Peda-

gogical University of Stupsk)
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the whole year (76.1%-94.2%) were favourable toptteeess of mineralization of
duff. The yearly amount of precipitation in 2003sA/899.6 [mm]. This value was
used for quantitative content calculation of nigngand phosphorus compounds
supplied to forest soils together with rain wafére results of the chemical compo-
sition of precipitation have been shown in table 7.

In 2003 precipitation supplied 20.88 kg/ha-year nitrogen (T-N) and 0.42
kg/ha-year of phosphorus (T-P) to the area of tiadyaed plots in Smotdaski For-
est. However, much bigger amounts of these biogautistances reached the forest
soils due to the elution of particular ions (NQ NH,", PQ3') from leaves by rain-
drops. The soils of the plot | were enriched wigh6® kg/ha-year of nitrogen (T-N)
and 1.19 kg/ha-year of phosphorus (T-P), and tiie gbthe plot Il — with 23.06
kg/ha-year of (T-N) and 0.92 kg/ha-year of (T-Bje Tominating form of nitrogen
was the nitrate form (N ) and constituted 61.17% of (T-N) on the plot ¢l an
63.18% of (T-N) on the plot Il. Ammonium ions (IyHi constituted a smaller con-
tent, only 38.83% of (T-N) on the plot | and 36.82%{T-N) on the plot Il. The in-
flow of phosphorus was also different. Almost thtieees more of phosphorus com-
pounds — 1.19 kg/ha- year reached the soils of tkediiorest compared to those in
the open space, and in the case of soils of thag/@wood — twice as much, namely
0.92 kg/ha - year.

DISCUSSION

The amounts of collected plant fall on both examipbots (3.016 t/ha-year — young
wood and 4.346 t/ha-year — mixed forest) do ndediinuch from those quoted
in the scientific literature. The average amourfterganic fall collected in a pine
wood of central Poland are: 4.65 t/ha in Piski xal Forest (Puszkar et al. 1972),
4.66 t/ha in Kampinoski Primeval Forest (Wéjcik 0973.7-3.8 t/ha in Piwnicki
Forest (Prusinkiewicz et al. 1974) and 2.8-3.6 ifhdhe Sanctuary Szgjowka-
-Biebrzaiska Valley, (Banaszuk 1996). The results of thewart®of organic fall ob-
tained from those territories of Poland reach oerage about 4 t/ha. The amount of
collected organic fall depends, among others, endinsity of trees covering par-
ticular plots under analysis. The bigger the dgnsittrees, the bigger amounts of
collected duff. The maximum intensity of duff fadtcurs in autumn months and
constitutes 62.36% and 64.20% of the annual fathil&r results (about 40-60%)
were obtained by Prusinkiewicz et al. (1974), aisd 8anaszuk, (1996). The domi-
nating fractions in the autumn fall are mainly leay(26.25% — plot 1) and needles
(25.19% — plot II).

The chemical composition of duff fall depends omewous factors, among others,
the trophic state of a particular ecosystem, humidi soils and air as well as the
average daily temperatures in a particular vegetaperiod. The more favourable
conditions of development, the richer in nitrogaemd hosphorus compounds the
duff fall. The content of nitrogen in the mixed ést amounted to 45.92 kg/ha-year
(1.06%) and 21.14 kg/ha-year (0.70%) in the youngdvand the content of phos-
phorus — 1.04 kg/ha-year (0.024%) in the mixedstosed 0.9 kg/ha-year (0.03%)
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in the young wood. The results of chemical compasiof the collected duff do not
differ from the results quoted in the scientifitefature. Similar results were ob-
tained by Wachowska-Serwatka in the duff of beeetvés (0.81-1.95% of nitrogen
and 0.08-0.149% of phosphorus). The content obgén in plant fall quoted by
Prusinkiewicz et al. (1974) amounts on averageStégtha (1.1%) and the content
of phosphorus about 4 kg/ha (0.09%). In the cadl@ctuff there was found a much
smaller amount of phosphorus compounds. Almosimg4i lower content of that
biogene may be caused by a low content of phosphiarthe soil which is a poor
podsol located on the dunes.

Biogenic elements contained in plant fall will sassively enrich root systems due
to slow mineralization, allowing the development ayjrowth of vegetation in sub-
sequent vegetation seasons. Slow release of bmgéinents from the duff gives
a chance of their economic use by plants duringvin@e year.

Too general literature data made it impossibledmare the contents of nitrogen
and phosphorus compounds in particular fractiorth@tuff fall.

The inflow of NH," and NQ~ ions together with rainwater was clearly différem
both research surfaces. In the deciduous starateniind ammonia ions determined
the amount of nitrogen brought to soils, and in ybang wood only nitrate ions.
The content of nitrogen and phosphorus in theuatler tree heads is much bigger.
On the plot | the amount of nitrogen increased 82 imes (61.75%) and on the
plot 1l by 1.11 times (10.81%). In the case of gitawus that increase was 2.83
times higher (283.30%) on the plot I, and on tha fl— 2.19 times (219.05%). The
amounts of particular ions in the fall under treadis are frequently multiplied in re-
lation to those in the fall in the open spacesltrainly associated with removing
from the surface of leaves the substances comorg the atmosphere and washing
out the components from the leaves. In overalldz@ahe process of elution domi-
nates over their accumulation in respect of quartiimilar relations in research re-
sults were obtained by Tyszka et al. (1997). Théasa of leaves, which is signifi-
cantly bigger than the surface of needles in thengovood, may have some influ-
ence on the results. As a consequence, the bigg@cs of contact with rainwater
may partly influence the effect of elution.

CONCLUSIONS

— The amount of the duff fall depends on the dgnsitafforestation on the plot
under examination and on the state of trophicitg phrticular ecosystem.

— The richer the ground in nitrogen and phospharampounds, the bigger
amounts of those compounds are taken by flora badither in those com-
pounds is the falling duff.

— In the mixed forest an annual duff fall is mudder than in the young wood.

— The biggest share in the duff fall of the exardifierest ecosystems had needles
and leaves.

— The maximum plant fall occurs in autumn monthdeendently of the kind of
forest.
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— Every year duff supplies the forest soils of Stadiski Forest with 21 up to 46
kg/ha of nitrogen compounds and about 1 kg/ha osphorus compounds.

— Plant fall in the mixed forest is characterizgdabhigher content of nitrogen and
a lower content of phosphorus than in the youngdwvoo

— Among patrticular fractions of plant fall needkssd leaves contain the most of
nitrogen and phosphorus.

— Precipitation also brings to soils significantamts of nitrogen and phosphorus.
In 2003 23.06-33.66 kg/ha-year of nitrogen and -0.92 kg/ha-year of phos-
phorus compounds reached the forest soils of SnfskizForest. A crucial role
in that inflow is played by substances washed mmftrees by rain.
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OPAD ATMOSFERYCZNY | OPAD RGLINNY JAKO NATURALNE ZRODLA AZOTU
| FOSFORU DLA GLEB LESNYCH W SLOWINSKIM PARKU NARODOWYM

Streszczenie

Kazdego roku gleby kne wzbogacaneazwiazkami azotu i fosforu pochoaeymi z opada-
jacych lisci i igliwia, mineralizacji runa Ilénego, gnijcych korzeni drzew i krzakdw oraz
opadéw atmosferycznych. Procesy te badano w dwkebystemach kmych Stowhskiego
Parku Narodowego: w lesie mieszanym (dziatka Brizeswiezym (dziatka I1). Ogdélny opad
scioly zebrany wéwiezym borze wynosit 3,014 t Heok™ i byt mniejszy nk zebrany w lesie
mieszanym (4,346 t Heaok™). Najbardziej intensywny opattioly obserwowano w mie-
sigcach jesiennych i stanowit on odpowiednio 62,36%#j20% rocznego opadu. Ogdlnie
w ten spos6b wprowadzono 46,96 kgt azotu i fosforu do gleby dziatki | i 22,04 kg
ha'rok™ do gleby dziatki Il. Opad atmosferyczny wzbogagleby lasu mieszanego w 33,66
kg ha'rok® azotu i 1,19 kg h&ok™ fosforu, a gleby borswiezego odpowiednio 23,06 kg
ha'rok™i 0,92 kg hdrok™.



