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PREFACE

In the Department of Peatland Forestry,
University of Helsinki, forest hydrological
studies have been carried out on drained
peatlands over a period covering several
years. One of the problems studied is the
effect of various silvicultural measures on
throughfall. Apart from quantitative in-
vestigations it seemed reasonable to analyze
the chemical properties of the water reaching
the ground in the form either of throughfall
or of stemflow. Such studies have not been
carried out previously in Finland.

The apparatus used for collecting through-
fall water was constructed by the author in
collaboration with Mr. EINO MÄLKÖNEN,

Lie. For., who also, in addition to Prof.
LEO HEIKURAINEN and Acting Prof. KUSTAA
SEPPÄLÄ, read the manuscript. All these
persons made valuable suggestions to im-
prove the manuscript. Financial support
for the study was obtained from the National
Research Council for Agriculture and Forest-
ry. The manuscript was translated from
Finnish into English by Mr. KARL-JOHAN
AHLSVED, B.SC. (For.). I wish to express
my sincerest thanks to all the persons and
institutions mentioned in the foregoing.

Helsinki, January 1974

Juhani Päivänen
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1. INTRODUCTION

Precipitation brings appreciable quantities
of nutrients to the ground (FEILITZEN and
LUGNER 1910, FLNNBERG 1923 , HANSEN
1931, VIRO 1953, BUCH 1960, HAAPALA
1972). Usually rainwater becomes en-
riched with nutrients as it penetrates the
forest canopy. Nutrients are both leached
from the canopy and washed from the sur-
face of leaves and branches (NIHLGARD 1970).
EATON et al. (1973) use the term net removal
to describe the nutrients which are leached
from the canopy plus those washed from the
surface of leaves, i.e., the net removal =
nutrients leached + nutrients washed —
nutrients in precipitation. On the other
hand, it has been indicated that nutrients
can be absorbed into the leaves from inter-
cepted water or taken up by epiphytes on

the surface of leaves and branches (INGHAM
1950; TUKEY et al. 1958; CARLISLE et al.
1966, 1967 a, 1967 b).

Nutrient removal from the canopy of
Scots pine (Pinus silvestris L.) has been
mentioned only briefly in a few papers
(TAMM 1951, 1953). In the case of pine
stands growing on peat, no information has
been published previously on the proportional
share of leaching in the nutrient cyclus.

The aim of the present study was to assess
the quantity of nutrients reaching the ground,
on the one hand, in gross precipitation, and
on the other hand, in throughfall and stem-
flow in pine stands growing on peat. Another
aim of the study was to find out whether
forest fertilization increases nutrient leaching.



2. COLLECTION AND HANDLING OF DATA

21. Study area and sample plots

The study was carried out in a stand of
Scots pine (Pinus silvestris L.) in Central
Finland (61° 50' N; 24° 20' E). The study
area has an altitude of about 150 m above
sea level. Annual precipitation averages
600 mm, one half of which is received during
the summer months (June-September).

Results from previous studies in the same
experimental area have been presented con-
cerning the effect of different silvicultural
measures (thinning, clear cutting, fertilizer
application) on throughfall, depth of the
ground-water table, relative runoff and
snow conditions (HEIKURAINEN and PÄIVÄ-
NEN 1970; PÄIVÄNEN 1972, 1973). The study
area is located in the central parts of a
large forest area, the distance to the nearest
human habitations being more than 3 km.
There are no public roads in the vicinity,
only a forest truck road which ends about
200 m from the study area and which is
used primarily by research workers. No
aerial fertilization was carried out in the
region during the period of the study. Con-
sequently, it may be supposed that no air
pollution was brought about during the study
period in the vicinity of the area concerned.

The quantities of nutrients brought to
the ground with rainwater were studied
during the period June 4 — October 4,
1971. Determinations were performed on
one unfertilized (sample plot 1) and two
fertilized (sample plots 2 and 7; see HEIKU-
RAINEN and PÄIVÄNEN 1970, p. 6, Fig. 1)
plots as well as in the open. The area
concerned was originally drained in 1912,
and drainage has been completed later. The
fertilizer, 600 kg/ha of a compound fertilizer
containing N, P2O5 and K2O (14-18-10) ,
was applied in 1968 immediately after the
snow had melted. The pine stand in which
the study was performed is even-aged, and
relatively even in structure, too. The volume
of the control plot was about 110m3/ha
at the time of the study, and that of the
fertilized plots about 100 (sample plot 2)
and 90 m3/ha (sample plot 7).

Needle samples were collected in late
August 1969 and 1971 from five medium-
sized trees in each sample plot. The needles
were systematically collected from the south-
ern side of the crown from the same whorl
of branches. The results from the needle-
length determinations performed have been
published previously (PÄIVÄNEN 1972, p.
471). The needles collected from the fertilized
sample plots were 6 — 13 mm longer than
those from the unfertilized plot. The nu-
trient contents of the needles will be dealt
with later in this paper.

22. Methods of study

In each sample plot, twenty vessels were
installed in a systematical pattern for
collection of the rainwater to be analyzed.
Each collector consisted of a 2-1 bottle
to which a polyethylene funnel had been
attached which had a diameter of 165 mm,
or a collecting surface of 214 cm2 (Fig. 1).
A polyethylene net with a mesh size of
1.5 mm was attached to the upper part
of the funnel, and a filter socket (Extraktions-
Hiilse Nr 603, Carl Schleicher & Schiill)
was placed in its tapering part. The location
of the collectors in relation to the tree
crowns and the canopy coverage were
determined using Cajanus' tube (see SARVAS
1953).

Number of collectors Canopy
within at the outside coverage

edge of %
crown projection

Sample
»
»

plot
»
»

1
2
7

5
6
7

10
8
8

5
6
5

56
55
61

The funnels used in the collectors were of
different color depending on the location in
relation to the crown projection (within the
area covered by the crown projection, at the
edge of the crown projection, under openings
in the canopy). The collectors were emptied
and the quantities of rainwater measured



every rainy day. The water which had been
collected from sampling points representing
each of the three locations in relation to the
crown projection was stored separately into
20-1 polyethylene containers. 10 ml of
toluene was added to each container in
order to inhibit microbial action (cf. TARRANT
et al. 1968 a). Moreover, the containers were
kept in holes in the peat soil of the sample
plots during the summer in order to keep
the temperature of the sampled water at
a low level.

Stemflow was measured on three stems
in each sample plot. The trees were selected
so as to represent different size categories
(dbh = 10, 13 and 19 cm). The stemflow
was led into glass flasks by means of poly-
ethylene collars and polyethylene tubes
(Fig. 2). Polyethylene cement was used to
make the collar tight. The stemflow, too,
was filtered through a filter socket which
had been attached to the lower end of the

polyethylene tube. Stemflow was measured
every rainy day, and it was stored in the
same way as the throughfall water.

Precipitation was sampled in an open
locality in the vicinity of the sample stands
using similar collectors as those used for
throughfall sampling. Determinations were
based on three replications. The collectors
were also checked in the open area, the
results showing no statistically significant
differences between them and the Lam-
brecht rain gauge used for comparison.

The water samples were sent for analysis
in five portions. Each sampling gave four
samples per plot (from under the crown,
from the edge of the crown projection, from
the canopy opening and on the stemflow)
and three samples from the open site. Thus,
the number of samples to be analyzed at one
time was fifteen. The analyses performed
were representative of the following periods
of time and gross precipitation values:

Fig. 1 Apparatus for collecting throughfall water
for chemical analysis. — Analysoitavan sadeveden

keräämiseen käytetty laite.

Fig. 2. Apparatus for collecting stemflow water.
— Runkovalunnan keräysmenetelmä.



Sampling period, 1971 Gross precipitation, mm
June 4 — July 1 23.0
July 2 - Aug. 1 52,6
Aug. 2 - Aug. 24 84,7
Aug. 25 - Sep. 13 55 3
Sep. 14 - Oct. 4 22.4

238.0

The average precipitation values of the
summer months during the period 1931—60
are as follows for the study area: June,
53 mm; July, 77 mm; August, 79 mm; Sep-
tember, 65 mm. Only in the case of the
month of August, the study period was
more rainy than on average; during the
rest of it the precipitation values obtained
were below the average. As a whole, pre-

cipitation was about 13 % lower during
the study period than the average used for
comparison.

After each period of sampling, when the
collectors were emptied, the vessels were
washed using distilled water, and the filter
sockets were changed. Likewise, the con-
tainers in which the samples had been
stored were carefully washed. Litter which
had fallen on the nets covering the funnels
was removed almost daily.

The water samples were analyzed in
the laboratory of Viljavuuspalvelu Oy for
the contents of K, P, NH4-N, N03-N and
N02-N using traditional methods of deter-
mination.



3. RESULTS AND DISCUSSION

31. Nutrient contents of gross precipitation

Table 1 shows the average nutrient
contents of the rainwater collected from the
open area during the study period as three
replications.

The average potassium content in the
precipitation was slightly smaller than that
recorded during the summer months of the
same year by the National Board of Waters
some 20 km from our study area (cf. HAA-
PALA 1972, p. 44) and somewhat higher
than the average recorded for snow samples
collected in 1952 and 1953 from open localities
(VIRO 1953, p. 36) Particular attention is

drawn by the high potassium content in
the precipitation of the month of July in
the study area. The potassium content in
the precipitation seems to be about one
third of that recorded for the water dis-
charged from the Kokemäki watershed area
(see LAAKSONEN 1970, p. 22).

The average phosphorus and N03-N
contents of the summer months were some-
what lower than those recorded by HAAPALA
(op. cit.). The differences may be due, how-
ever, to the fact that the research station
of the National Board of Waters is located
in an agricultural area.

Table 1. Average nutrient contents of precipitation at the 5 % risk level for the sampling periods of
the study and the means for the whole study period as weighted by the amounts of water collected.
Taulukko 1. Aukean sadannan keskimääräiset ravinnepitoisuudet 95 %:n luotettavuusrajoineen eri keräys-
jaksoina sekä kerätyillä vesimäärillä punnitut koko tutkimuskauden keskiarvot.

Sampling period
Keräysajanjakso

June 4 — July 1
Kesäk. 4 — Heinäk. 1
July 2 — Aug. 1
Heinäk. 2 — Elok. 1
Aug. 2 — Aug. 24
Elok. 2 -~ Elok. 24
Aug. 25 — Sep. 13
Elok. 25 - Syysk. 13
Sep. 14 - Oct. 4
Syysk. 14 — Lokak. 4

Average — Keskimäärin

K

0.77 ± 0.09

1.73 ± 0.27

0.10 ± 0.00

0.05 ± 0.06

0.11 ± 0.01

0.55

P
mg/l

0.036 ± 0.030

0.063 ± 0.060

0.043 ± 0.034

0.051 ± 0.048

0.010 ± 0.000

0.045

NH r N

0.71 ± 0.11

0.23 ± 0.26

0.20 ± 0.00

0.66 ± 0.24

0.16 ± 0.18

0.35

NO3-N

1.12 ± 0.32

0.37 ± 0.09

0.23 ± 0.09

0.13 ± 0.09

0.27 ± 0.09

0.33

Apart from the studies mentioned in the
foregoing, only few results from nutrient
analyses of rainwater have been published
in Finland. According to FINNBERG (1923),
the ammonia content of rainwater is 0.43
mg/1. BUCH (1960) presents the quantities
of nutrients reaching the ground in precipita-
tion in terms of kilograms per hectare of
deposited substance, and his findings will
be dealt with later in this paper. Studies
carried out in Scandinavia show a variation
in the nutrient contents of precipitation
within more or less the same limits as accord-
ing to the results of the present study (FEI -
LITZEN and LUGNER 1910; HANSEN 1931;
TAMM 1951, 1953).

In a maritime climate, such as that of the
western coast of the USA, the content of in-
organic nitrogen in precipitation have shown
to be extremely small (TARRANT et al. 1968 a,
1968 b). In the mountains of the eastern
coast, on the other hand, contents of N03-N
of as much as 1.31 mg/1 have been recorded
(LIKENS et al. 1969, p. 556).

The contents of N02-N recorded in the
present study were usually smaller than the
degree of precision (0.01 mg/1) applied to
the determinations. According to TARRANT
et al. (1968 a, p. 6), too, »determination of
N02-N is not necessary because of its
extremely rare occurrence in measurable
amounts».
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32. Nutrient contents of throughfall and
stemflow

Fig. 3 shows the means as weighted by
the quantities of collected water of the
nutrient contents in stemflow, in throughfall
in different places under the canopy of
forest crops and in the precipitation reaching
the ground. In the case of potassium, the
results obtained are completely clear. The
highest potassium contents were obtained
for the stemflow, and there was a consistent
decrease when moving from under the
crowns over the edge of the crown projection
into openings in the canopy. The horizontal
broken line in the figure indicates the average
potassium content in precipitation; it was
smaller in every instance than the values
obtained for water that reaches the ground
in the forest. It seems also that fertilizer
application affects the potassium contents
of stemflow and throughfall. In the fertilized
plots the potassium contents of stemflow
and throughfall were more than twofold as
compared with the values recorded for the
unfertilized plot.

In the case of phosphorus, the contents
recorded for stemflow were more than two-
fold those obtained for throughfall. A
decrease of similar regularity as in the case
of potassium could not be observed, how-
ever, when moving from under the crowns
into openings in the canopy and to the open
area. The effect of fertilization on the phos-
phorus contents of stemflow and through-
fall was not very distinct either, although
the contents were consistently higher in
the fertilized plots than in the unfertilized
plot.

TAMM (1951, 1953), in the case of Norway
spruce (Picea abies), has also observed that
the contents of potassium and phosphorus in
the throughfall increase when moving from
open areas and openings in the forest to
under the crowns. Other research workers
have drawn attention in particular to the
liability of potassium to be leached from
the canopy (e.g. WILL 1955). Studies carried
out concerning the nutrient contents of
stemflow have usually produced markedly
high potassium contents in the case both
of conifers and of hardwoods (MINA 1965,
ULRICH 1969, GERSPER and HOLOWAYCHUK
1971, EATON et al. 1973). The corresponding

results obtained for phosphorus usually
show a much greater variation. Generally
speaking, it has been observed that phos-
phorus is leached much more difficultly than
potassium (cf., e.g., EATON et al. 1973).

There was a large variation in the contents
of inorganic nitrogen both in stemflow and
in throughfall as measured in different places
under the canopy. In all sample plots
studied N03-N was lower in stemflow than
in throughfall, and even lower than in
precipitation in the open (Fig. 3). This might
indicate that nitrogen, particularly N03-N,
is absorbed by the needles, or taken up by
epiphytes living on the boles of trees.
Particularly in the case of sessile oak
(Quercus petraea) it has been established
that the amounts of inorganic nitrogen
both in stemflow and in throughfall are
smaller altogether than in precipitation
(CARLISLE et al. 1966, 1967 a, 1967 b). This
indicates that the trees might take up
inorganic nitrogen directly through their
leaves. In other connections, too, it has
been pointed out that above-ground plant
parts should be considered as being organs
of both uptake and loss of nutrients (INGHAM
1950, TUKEY et al. 1958).

Fig. 3 shows that the content of NH4-N
in throughfall is almost twofold that of
N03-N and that, in the case of precipitation,
the former is somewhat higher than the
latter. Similar results have been obtained
by GUBAREVA (1970). On the average,
NH4-N contents were higher in stemflow
and throughfall in all sample plots than in
precipitation in the open. This result is
in agreement with those obtained for black
spruce (Picea mariana) by MAHENDRAPPA
and OGDEN (1973). Fertilization showed
no clear influence on the NH4-N content;
likewise, there seemed to be no variation
depending on the place of sampling under
the canopy.

According to the results obtained in this
study, the potassium contents both of stem-
flow and of throughfall were higher during
the months of June and July than later
during the summer and autumn. In the
northern hardwood forests of the USA
(Fagus grandifolia and Acer saccharum) it
has been established that the susceptibility
of potassium to be leached increases toward
the autumn (EATON et al. 1973). On the
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Fig. 3. Average contents of K, P, NO3-N and, NH4-N during the period June 4 - Oct. 4, 1971,
in stemflow (a), throughfall (b = under crown, c = at the edge of crown projection, d = under
canopy opening) and precipitation (e) as weighted by the volumes of the water samples. — Runko-
valunnan (a), metsikkösadannan (b = latvuksen alla, c = latvusprojektion rajalla, d = latvusaukossa)
ja vapaan sadannan (e) vesimäärillä punnitut keskimääräiset K:n, P:n, N03-N:n ja NH^-N.-n
pitoisuudet, mg/l, 4\6 — 4/10 1971 välisenä aikana.
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other hand, results have been presented from
similar forests according to which no
relationship can be observed between potas-
sium leaching and certain parts of the growing
season (GERSPER and HOLOWAYCHUK 1971).
In any case, it seems that the quantities of
nutrients leached from the canopy of pine
stands are smaller than those leached from
hardwoods canopies (cf. MINA 1965).

Some studies have indicated that the
nutrient contents both of stemflow and of
throughfall are higher, the smaller the
amounts of precipitation during the sampling
period (MINA 1965, GUBAREVA 1970, GERSPER
and HOLOWAYCHUK 1971). In the present
study nothing of this kind could be observed.
Perhaps the sampling periods were too
long and too few to make this phenomenon
discernible.

The next problem to be dealt with in the
present paper is whether the foliar nutrient
content is capable of explaining the nutrient
concentrations of stemflow and throughfall.
Table 2 shows the nutrient contents of
needles collected in the end of August 1971.
The material consisted of needles that had
developed partly in 1970, and partly, in
1971. Foliar nutrient contents reach their
greatest stability in the late autumn or in
the winter (cf. TAMM 1955), but in the present
connection sampling was performed during
the growing season, or during the same
period for which there were also rainwater
analyses. As rain leaches nutrients from the
canopy, the needle samples were collected
immediately after a rainless period of six
days (cf. MINA 1965).

Table 2. Average nutrient contents in needles from 1970 and 1971 in fertilized and unfertilized sample
plots. Means which do not differ significantly from each other have been united with lines (n = 5).
Taulukko 2. Vuosien 1970 ja 1971 neulasten keskimääräiset ravinnepitoisuudet lannoittamattomalla ja
lannoitetuilla koealoilla. Keskiarvot, jotka eivät poikkea toisistaan merkitsevästi, yhdistetty viivoilla (n = 5).

K,

P,

N,

NO

Nutrient
Ravinne

mg/g

mg/g

total, %
kok.
3-N, mg/kg

and year
ja vuosi

1970
1971
1970
1971
1970
1971
1970
1971

Unfertilized
Lannoittamaton
Sample plot 1

Koeala 1

5.02
5.54
1.18
1.36
1.35
1.20

44
44

Sample plot
Koeala 2

5.52
6.34
1 39
1.59
1.38
1.20

52
45

Fertilized
Lannoitettu

2 Sample plot 7
Koeala 7

5.62
6.38
1.41
1.62
1.44
1.34

59
38

Deserving of mentioning is the fact
that potassium and phosphorus contents
were higher in needles that had developed
in the year of sampling than in one-year-
old needles. This result is in conformity
with those presented by TAMM (1955),
although TAMM's figures are higher on
average than those obtained in the present
study. This, however, is due to the fact that
the former were obtained from a pine
stand growing on mineral soil. Foliar nu-
trient contents in the pine stands used in

this study were quite similar to those ob-
tained for other fertilized and unfertilized
pine stands growing on peat in Finland (PAAR-
LAHTI et al. 1971).

Fertilization led to a statistically signif-
icant increase in foliar potassium and
phosphorus. No significant differences could
be observed in this respect between the
fertilized plots. The result supports those
obtained from studies concerning the leach-
ing of fertilizers (see Fig. 3). In the case of
foliar NO3-N and total nitrogen, no signifi-
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cant differences were obtained between
fertilized and unfertilized sample plots.
Likewise, no clear differences were found
between fertilized and unfertilized plots
with respect to the leaching of inorganic
nitrogen. This result differs from those of
a fertilization experiment carried out by
MAHENDRAPPA and OGDEN (1973) in a black
spruce crop, where fertilizer application
increased total nitrogen both in needles
and in throughfall.

33. Amounts of nutrients in precipitation
and removed from canopy by rain

The nutrient contents of the rainwater
collected during the different sampling
periods were converted into weights per
hectare on the basis of the quantities of
water collected and the sampling surface.
The amounts of stemflow produced by
individual rains were converted into milli-
meters of precipitation on the basis of pre-
vious data from a more detailed study
(PÄIVÄNEN 1966, p. 27, Table 4), in which the
stemflow of a pine stand of sim'lar structure
as the sample stand of the present study
had been converted into millimeters of
precipitation on the basis of the diameter
distribution of the stems. The stemflow,
as expressed in terms of millimeters of
precipitation, was then converted into liters
per hectare by sampling periods. Using the
values thus obtained as coefficients, the
nutrient contents of the stemflow were
converted into weights per hectare.

Table 3 shows the amounts of nutrients
received in precipitation, throughfall and
stemflow. The study period covered four
months, and the precipitation during this
period was 238 mm, which corresponds to
about 40 % of the annual precipitation in
the region concerned. The amounts of
nutrients obtained for precipitation in this
study were extrapolated so as to represent
the whole year by multiplying them by
2.5. On the basis of the results of the present
study and of some other investigations
carried out in the Nordic countries, the
following table was compiled concerning
the annual amounts of K and P reaching
open ground:

K P
kg/ha year

VIRO (1953) 2.450 0.086
BUCH (I960) 0.960
TAMM (1964) A 3.900 0.200

B 1.400 0.100
NIHLGÄRD (1970) 1.900
HAAPALA (1972) 3.600
Extrapolated from present data ... 3.000 0.270

It can be observed from the table that
the extrapolated value for K based on the
present study is of similar magnitude as
those obtained from the other studies
included, whereas that for P is somewhat
higher in the present than in the other
studies.

The amounts of nutrients occurring in
precipitation can also be assessed in relation
to the potential quantity of nutrients re-
moved from the forest in connection with
clear cutting. In the case of the short-
wood method as applied on mineral soils,
0.19 kg of potassium is removed from the
forest per cubic meter of pine stemwood
(MÄLKÖNEN 1972, p. 12). Exactly the same
estimate is arrived at in the case of pine
forest growing on peat on the basis of the
figures presented by HOLMEN (1964, p.
194). Losses in phosphorus and nitrogen
in the short-wood method are 0.026 and
0.34 kg/m3 respectively (MÄLKÖNEN op. cit.)
On the basis of the data presented by HOL-
MEN (op. cit.) the corresponding values
are 0.049 and 0.44 kg/m3. The estimates pres-
ented below are based on the means of
MALKONEN'S and HOLMEN'S data.

If we assume that a cutting operation in
our study area yields 100 m3/ha of stemwood
including bark, the quantities (kg/ha) of
nutrients removed would be as follows:

K
19.0

P

3.7

N

39 0

According to the results of the present
study, the quantities of nutrients brought
to the ground by gross precipitation during
the course of one year are as follows: 3 kg/ha
of potassium, 0.27 kg/ha of phosphorus and
4.1 kg/ha of inorganic nitrogen. Thus, the
quantities of nutrients removed in connec-
tion with the short-wood system would
be compensated for through precipitation


