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The cffccts of drainage and fertilization and thcir interactions on soil propertics and the nutritional statc of a pinc

stand were studied on a drained pine fen site in Central Finland (65°52' N, 26°07' E, 62 m a.s.l.). Thc sitc was draincd
in 1975 (ditch intervals 10 m, 20 m and 40 m) and fertilized in 1977 (control, PK and NPK fertilization). The study
consisted of groundwater monitoring, decomposition tests of thc pcat substrate, nutrient analyses of the pcat and Scots
pinc ncedles, and stand increment mceasurements conducted in the years 1995-1999.

When the ditch intecrval was reducced, it was found that the groundwatcer level dropped further down and the
decomposition of ccllulose in the surfacc peat layer (0 - 10 cm) was significantly accelerated. In winter, the weight loss
of the cellulosc samples located in the surface pcat layer was clearly greater on the fertilized plots when compared to
that on thc control plots. A similar cffect was obscrved regarding drainage intensity: the decomposition of ccllulose was
significantly faster on thc strip 10 m in width than on thc others. On thce narrowest 10 m strips, the total nitrogen and
calcium concentrations in the surface peat were significantly higher, and thosc of potassium significantly lower than on
the 40 m strips. Fertilization incrcascd phosphorus concentrations in the surface peat.

The unfertilized stands suffcred from nitrogen, phosphorus and potassium dcficicncics on the 40 m strips. The
nitrogen and argininc concentrations of the pinc ncedles incrcased with increasing drainage cfficiency. The cffect of
NPK fertilization was not visible in the nitrogen concentration of the ncedles at the end of the study period. PK and
NPK fertilization dccrcascd the concentrations of arginine and boron of the treces growing on the narrower strips, but
increascd the concentrations of phosphorus of the ncedles on all the strips 22 ycars after the application. The boron
conccentrations of the ncedles decrcascd with decrcasing strip width and werce at their lowest deficiency level on the 10
m Strips.

The cffect of PK fertilization on stand growth and its nutritional status were visible 19 yecars later. Tree growth
depended both on strip width and the fertilization trcatment applicd. A clear and significant intcraction was noticed
between strip width and fertilization: fertilization almost doubled tree growth on the widest 40 m strip, whercas the
corresponding responsc on 10 m strips was fairly wcak.
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Introduction

Site type classifications for wood production on
peatlands have been presented by Huikari (1952) and
Heikurainen (1959). In both of these classifications,
drainage is a prerequisite for profitable wood produc-
tion. Pristine mires are generally unfavourable as sites
for wood production from the viewpoint of the slow
peat decomposition and nutrient mineralization due to
their high groundwater table and anaerobic conditions.
Drainage of mires lowers the groundwater table and
improves the soil properties, thereby also accelerat-
ing stand productivity. The increased supply of oxy-
gen to the root systems improves tree growth (e.g.
Boggie, 1977) and also increases the bacterial biomass

and further intensifies the enhanced mineralization of
plant nutrients (Ldhde 1966, Karsisto 1979a, 1979b,
Lieffers 1988).

Wood production on drainage strips of varying
widths has been discussed in several studies (Hutka-
ri and Paarlahti 1967, Meshechok 1969, Seppild 1972,
Heikurainen ef al. 1983, Penttild 1987, Sundstrom
1995). The results obtained show that stand growth
has generally increased with the narrowing of ditch
intervals and/or lowering of the groundwater level
following drainage. Depending on the inclination and
peat depth of the peatland site, ditches 0.6 — 1.1 m in
depth and 30 — 40 m in width are currently applied in
practical peatland forestry in Finland when carrying
out remedial drainage.

2003, Vol. 9, No. 1 (1¢6) N 1SSN 1392-1355

22



= OF DRAINAGE INTENSITY /.../ ON SCOTS PINE ST.

Generally, drainage leads to increases in plant
available nitrogen and phosphorus due to the accel-
erated decomposition and increased bulk density of
the surface peat layer (Kaunisto and Paavilainen 1988,
Laiho and Laine 1994). On the other hand, potassium,
boron and zinc stores may remain equal to those in
the top peat layer of undrained mires or they can sig-
nificantly diminish due to leaching and absorption into
the vegetation (including the tree stand) (Paavilainen
1980, Finér 1992, Latho and Laine 1995, Sundstrom et
al. 2000).

Tree growth on drained mires is often restricted
by lack of phosphorus and potassium. Moreover, es-
pecially on nutrient-poor sites and in northern climat-
ic conditions, there is often a simultaneous lack of
nitrogen (Paarlahti et al. 1971, Kaunisto and Tukeva
1984, Veijalainen ef al. 1984, Moilanen 1993). Also, the
amounts of micronutrients - especially of boron - are
low in peat, and can induce growth disturbances in
trees on drained mires (Huikari 1977, Veijalainen et al.
1984).

Nutrient deficiencies and imbalances in pine
stands growing on drained mires have been remedied
by fertilization treatments. To ensure good stand
growth, fertilization with NPK compound fertilizer is
recommended on nitrogen-poor sites, whereas PK fer-
tilization is recommended on nitrogen-rich sites (Paavi-
lainen 1979). Several studies have demonstrated that
nutrient application has improved tree growth on drain-
age areas (e.g. Paavilainen 1972, Kaunisto 1977, Kau-
nisto 1982, Moilanen 1993, see also Paavilainen and
Pdividnen, 1995). According to Paarlahti et al. (1971)
and Veijalainen (1977), phosphorus, potassium and
boron deficiencies can be overcome with PKB fertili-
zation treatments. On nitrogen-poor sites in general,
and in the harsh climatic conditions of northern Fin-
land specifically, the importance of adding nitrogen to
improve forest growth increases (Penttild 1984, Moil-
anen 1993).

The interactions between drainage and fertiliza-
tion have been examined in some studies (Huikari and
Paarlahti 1967, Kaunisto 1977, Heikurainen ef al. 1983,
Sundstrom 1995, Lauhanen and Kaunisto 1999, Sund-
strom ef al. 2000). However, the results have been
partly contradictory. In older studies fertilization has
increased tree stand growth similarly regardless of the
drainage intensity (Kaunisto 1977, Heikurainen et al.
1983, Sundstrom 1995). On the other hand, increased
drainage maintenance intensity has increased peat and
pine needle nitrogen concentrations but decreased the
needle boron concentration (Lauhanen and Kaunisto
1999).

There is insufficient knowledge on the changes
taking place in the nutrient characters of the substrate
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and on the nutritional development in a stand as the
drainage intensity increases. The practitioners of peat-
land forestry need to know to what extent fertilization
requirements and growth increment following fertili-
zation depends on the efficiency of drainage on the
site.

The object of this study was to investigate indi-
vidual and interaction effects of drainage intensity and
fertilization on the nutrient concentrations of peat
substrate and on the wood production and nutrient
status of Scots pine (Pinus silvestris L.) stands on a
thick-peated drained mire. We hypothesised that the
development of tree stand on drained mires depends
on drainage intensity and on the nutrients applied, and
that the effect of fertilization depends on the drain-
age intensity. Accordingly, the changes resulting from
these measures should be observable both in the de-
composition rate of the surface peat and in the nutri-
ent concentrations of the tree stands.

Material and methods
Field experiment

The study was conducted in an oligotrophic tall-
sedge pine fen, partly a cottongrass sedge pine fen
(classification by Laine and Vasander 1990) located in
Central Finland, Muhos (65°52° N, 26°07’ E, 62 m a.s.].).
The pole stage Scots pine stand (mean height 3-4 m)
growing on the site was of natural origin. The thick-
ness of the peat layer was over one metre. The site
was drained in 1975 applying three strip widths, which
were randomized on the area: 10 m, 20 m and 40 m. The
ditches were 90 cm deep.

The fertilization treatments on each strip width
were carried out in 1977 and they consisted of (a) an
unfertilized control, (b) PK (phosphorus-potassium)
fertilization and (c¢) NPK (phosphorus-potassium-nitro-
gen) fertilization. The fertilizers used were the follow-
ing: PK fertilizer for peatlands (P 10.5%, K 12.5%) at
the rate of 400 kgha'' and urea (N 46 %) at the rate of
200 kgha'. Each fertilization treatment was repeated
three times on each strip width. The size of the plots
was 0.16 ha.

Measurements and analyses

The data were collected in the years 1995 - 1999,
Three groundwater table wells (0.9 m in depth and 21
mm in diameter) were drilled on each plot in the mid-
dle of the strip in line with the ditches. The ground-
water table depth (= the distance between groundwa-
ter table and peat surface) was monitored at two-week
intervals from July to September in 1995.
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The relative index of microbial activity (fungi and
bacteria) and decomposition rate in the surface peat
was obtained as a result of the cellulose decomposi-
tion test. Pieces of cellulose (70 mm x 35 mm x | mm,
mesh size 0.20 mm) were dried at 50°C for 48 hours,
weighed and then placed in nylon-net bags into the
peat at a depth of 7-8 cm (24 pieces on each plot in
the centre of the strip). The sets of bags were kept
buried in the peat from 9" June to 29™ September in
1995 and from 29" September 1995 to 3™ June 1996.
At the end of each period, the pieces of cellulose were
dug up, cleaned, dried at 50°C for 48 hours and then
weighed.

Four composite peat core samples per each plot
were taken in September 1999. Each sample consisted
of five sub-samples collected equally from different
parts of the plot. The living vegetation and non-de-
composed plant material at the top of the peat cores
were discarded and the following 0-5 cm, 5-10 cm and
10-20 cm layers were separated and put into plastic
bags and stored at =21 C°. After drying (at 70 °C for
48 hours) and weighing, the nutrient concentrations
were determined. The samples were analysed for their
ash content and total nutrients (P, K, Ca, B) following
HCI digestion (Halonen ef al/. 1983). The concentra-
tions of N and NH -N were determined using the Kjel-
dahl method, K and Ca concentrations by using an
atomic absorption spectrophotometer (AAS-method),
B concentration was determined spectrophotometrical-
ly by using the azomethine-H method, and that of P
by using the vanado-molybdate method (see Halonen
et al. 1983).

In the winter of 1999, foliar samples were taken
from 8 dominant or co-dominant trees selected from
the centre of the plot parallel to the ditches. The high-
est lateral current branch produced in the previous
summer on the southern side of each sample trees pine
was taken as a sample. The current intact needles from
each sample tree were put into separate plastic bags
and stored at -21°C to await nutrient analyses. The
needle samples from each tree were analysed individ-
ually. The nitrogen concentrations of the needle sam-
ples were determined using the Kjeldahl method as
outlined by Halonen et al. 1983. After dry combustion
and dissolving in hydrochloric acid, K concentrations
were determined using an atomic absorption spectro-
photometer (AAS-method, Hitachi 100-40). The con-
centrations of B were determined using the azome-
thine-H method, and that of P using the vanado-mo-
lybdate method as outlined by Halonen ef al. (1983).
The free arginine concentrations in the needles were
determined using the method introduced by Sakaguchi
(1951) as modified by Messioneo (1966) and Pietilidin-
en et al, (1996).

The Scots pine stands were measured in the au-
tumn of 1995. The trees were counted according to their
breast height diameter classes (cm). The heights (dm)
and diameters at breast height (d1.3, mm) of randomly
chosen 24 sample trees from each plot were measured.
The height increments of the sample trees was focused
on two five year periods (1967-71 and 1972-76) before
the establishment of the experiment, and periods 1977-
81, 1982-86, 1987-91 and 1992-95 after establishment
of the experiment. The development of tree stand vol-
ume during the study periods was calculated using the
equations described by Heinonen (1994).

The effects of drainage and fertilization treatments
on the soil and tree stand characteristics were esti-
mated by applying one and two-way analyses (SPSS
Base 8.0, 1998). The treatment effects and the interac-
tions between the treatments and experiments were
analysed according to the following ANOVA-model:

y=S+F+SF+3,
where y is the value of response (element concentra-
tions of peat and needles, decomposition rate and tree
growth), S is the strip width, F is the fertilization treat-
ment, and & is a random variable (error). The respons-
es in the groundwater table depth in the summer of
1995 were tested with the GLM repeated measures
procedure. The statistical significance of the differenc-
es between the treatments versus the unfertilised con-
trol was analysed using Tukey’s paired t-test.

Results
Changes in substrate properties

Depending on strip width, the groundwater table
depth within the experimental area varied from 30 to
53 cm in mid-July 1995 (Figure 1). The groundwater
table was at its lowest underlying the 10 m strip and
highest underlying the 40 m strip. Through the sum-
mer, the differences between strip widths increased.
From the end of September onwards the groundwater
level began to rise underlying the 40 m strips. The
intensification of drainage decreased the variation in
water table level. The differences between the strip
widths were statistically significant. Also, fertilization
appeared to influence the water table level, but its
effect was distinct only in a few cases: interaction
between fertilization and measure point of time was
significant according to repeated measure procedure
(p < 0.05). Analyses also revealed a significant inter-
action between strip width and fertilization, and be-
tween strip width and measure point of time. The fer-
tilization effect became apparent mainly in the autumn.

During the summer of 1995, the decomposition of
the pieces of cellulose sheets was not significantly
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Figure 1. The groundwater table depth (cm) by strip widths
and fertilization treatments in July — September 1995

influenced by fertilization nor drainage efficiency (Fig-
ure 2). The weight loss due to decompesition was the
same order of magnitude for the pieces buried in the
10 m and 40 m strips (23%) than for those buried in
the 20 m strip (17%). In the winter of 1995-1996, the
decomposition of cellulose was statistically fastest in
the peat of the 10 m strips. The mean weight losses
were the following: 10 m strips 21%, 20 m strips 15%
and 40 ms strip 13%. Weight loss was clearly greater
in the peat of fertilized plots than in the peat of the
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Figure 2. The decomposition rate of cellulose sheets in soil
during summer time in 1995 (upper columns) and winter time
in 1995-96 (under columns) by strip widths and fertiliza-
tion treatments

control plots; the difference between the control and
PK treatment was statistically significant. There were
no interaction effects between fertilization treatments
and strip width.

The effects of drainage and nutrient application
were observed in the nutrient concentrations of the
surface peat at the end of the study period. In the case
of the narrowest 10 m strips, the total nitrogen and
calcium concentrations in the surface peat (0 — 5 cm)
were significantly higher, and potassium concentration
was significantly lower than those of the 40 m strips
(Table 1). Fertilization had the effect of increasing
phosphorus concentrations in the peat layer 0 — 5 cm.

Nutrient status of tree stand

The highest foliar nitrogen concentrations were
found in the trees growing on the unfertilized plots
on 10 m strips. A decrease in the foliar nitrogen con-
centration with the increasing strip width was signif-
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Table 1. Mean nutrient concentra-
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PEAT LAYER O -5CM

tions on different strip widths re- Strip width, m Fertilization treatment
gardless of fertilization (left side), 10 20 40 Control PK  NPK
and on different fertilization treat- N mg g 19 17 15 16 16 20
ments regardless of strip width NHeN, pgg' 118 92 112 135 90 68
(right side) in surface peat in Sep- P, mgg’ 0.99 088 0.89 0.77 1.01 1.00
temb.er .1999, Unc}er}ined bold val- K.mgg’ 0.46 058 0.58 049 0.54 059
ues indicate statistical dlfferen;c Camog’ 30 25 23 o4 26 ) g
(p < 0.05) compared to 10 m strip \ =
(= test between strip widths) and B.mg kg 28 24 25 25 20 29
compared to control plot (= test
between fertilization treatments). PEATLAYER 5 - 10CM
Strip width, m Fertilization treatment
10 20 40 Control PK NPK
Nen mg g 23 22 24 24 24 22
NHN, ugg' 102 169 158 159 120 116
P,mgg" 1.07 1.18 1.21 1.08 1.14 147
K,mgg" 0.33 0.39 0.47 0.41 0.41 0.33
Ca.mgg’ 21 17 17 "8 19 19
B, mg kg™ 1.7 1.8 1.7 16 1.8 19
PEAT LAYER 10 - 20 CM
Strip width, m Fertilization treatment
10 20 40 Control PK NPK
Nt mg g™ 22 23 23 23 23 22
NHeN, pgg’ 60 86 96 84 86 69
P.mgg" 0.85 0.80 0.92 0.81 0.91 0.86
K.mgg' 0.17 0.16 025 0.19 0.18 0.20
Ca,mgg" 2.3 1.8 2.1 24 1.9 1.8
B, mg kg 1.6 25 1.4 1.7 0.9 2.8

icant (Figure 3). The foliar nitrogen concentrations on
the 20 m and 40 m control strips were close to the
deficiency level 1.2 % (see Reinikainen et al. 1998).
Fertilization treatments applied 22 years ago had the
effect of decreasing the nitrogen concentrations of the
needles; it was at its maximum on the 10 m strips. PK
and NPK fertilization treatments did not differ from
each other.

The highest arginine concentrations were encoun-
tered in the unfertilized stands growing on the nar-
rowest strips (Figure 3). A decrease in the arginine
concentrations of the needles with the increasing strip
width was significant. On the 40 m strips, the arginine
concentrations were less than 0.5 mg/g. PK and NPK
fertilization significantly decreased the foliar arginine
concentrations of trees growing on the 10 m strips.

Phosphorus deficiency was observed in the nee-
dles of trees on all of the unfertilized plots regardless
of strip width (Figure 3). PK and NPK fertilization sig-
nificantly increased the phosphorus concentrations of
the needles and phosphorus deficiencies (concentra-
tion below 1.3 mg g, see Reinikainen et al. 1998) were

remedied on all the strips. The potassium concentra-
tions of pine needles on the unfertilized plots were
close to the deficiency level 3.5 mg g''. PK and NPK
fertilization slightly increased potassium concentra-
tions but the concentrations were still alarmingly low.
The boron concentrations in the pine needles signif-
icantly differed between the unfertitized 10 m and 40
m strips. The effect of fertilization on the boron con-
centrations of the needles remained minor and the
boron values on plots treated with PK and NPK ferti-
lization on the 10 m strips were at the deficiency level
5 mg kg (Reintkainen ef al. 1998).

Stand growth development

Growth development of the pine stand depended
both on strip width and fertilization treatment (Fig-
ure 4). On the 10 m strips on the control plots the
annual mean height increment, during the entire study
period 1977 — 1995, was 25 cm, which was significant-
ly higher than in the controls of the 20 and 40 m strips.
PK and NPK fertilization significantly increased height
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Figure 4. Anpual height growth (cm) of trec stand during
the years 1977 — 1995 by strip widths and fertilization treat-
ments

increment. A clear and significant interaction effect
was noticed between strip width and fertilization: fer-
tilization almost doubled tree growth on the widest 40
m strip, whereas the corresponding response on 10 m
strips was fairly weak.

Tree growth in the years 1992 - 1995 showed a
similar trend as was observed for the entire period
(Figure 5). The differences between the different strip
widths were still significant, but the effect of the fer-
tilization on tree growth appeared to weaken towards
the end of study period, especially on 40 m strips.
However, the needle weight of the pines in 1995 was
still a little higher on the PK-fertilized plots than on
the control plots.
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Figure S. Annual height growth (cm) of tree stand during
the years 1992 — 1995 and dry mass (g per 100 needles) of
needles in 1995

In 1995, the total volume of the tree stand varied
between 17 m* ha'! and 68 m*ha’!, depending on the
fertilizer treatment and the strip width. When the area
taken up by the ditches was taken into consideration,
the mean stand volume of the unfertilized plots locat-
ed on the 10 m and 20 m strips was 37 and 40 m*ha"’
and on the 40 m strips it was 20 m*ha' (Figure 6). On
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Figure 6. Stem volume (m® ha') of tree stand by strip
widths and fertilization treatments in 1995

the fertilized plots, stand volume varied from 40 m* ha"!
to 53 m* ha'. On the PK-fertilized plots, the stand
volume was significantly higher than on the unferti-
lized plots. The interaction between strip width and
fertilization was significant; overall, the fertilization
effect was detected only on the 40 m strips.

Discussion

In this study, ditch spacing proved to be an im-
portant variable in determining drainage efficiency: the
depth of the groundwater table level was at its lowest
underlying the narrow strips. Also, the fluctuation of
the groundwater level during the summer was at its
minimum underlying the narrowest strips. This com-
plies with the results of previous studies (e.g. Huikari
et al. 1966). The objective of drainage is to lower the
groundwater table to a depth of at least 35 — 55 cm,
depending on the site and peat type, in order to en-
sure sufficient aeration and favourable conditions for
the root systems of trees (Paavilainen and Pdivénen
1995). This precondition was fulfilled in this study
during the latter part of the growing season in plots
representing all strip widths. It should also be borne
in mind that the groundwater wells were situated in
the middle of the strips where the groundwater table
level is at its highest., The conclusion is that the tree
stand did not suffer from excess water during the
study period.

Height increment and stem volume increment were
both promoted along with drainage efficiency as strip
width decreased from 40 m to 10 m. The long-term and
short-term growth patterns were similar. The results
obtained were consistent with previous research results
on the effect of strip width on stand development: as
drainage becomes more intense, stand development

speeds up (Huikari and Paarlahti 1967, Meshechok 1969,
Seppild 1972, Heikurainen et al. 1983, Penttild 1987,
Lauhanen and Ahti 2001). According to the results
obtained by Huikart and Paarlahti (1967), the effects of
drainage along with that of fertilization on height de-
velopment were at their maximum when the groundwa-
ter level dropped from 10 cm to 50- 70 cm (see also
Karsisto 1979a). Seppéld (1972) discovered that by in-
creasing strip width from 20 m to 60 m had the effect of
reducing stand growth and volume. Heikurainen et al.
(1983) found that after drainage the height development
of pine stands on nutrient-poor bogs was so much the
faster the narrower the strips were (the treatments were
10 m, 20 m and 30 m). The enhanced growth conditions
of trees growing on narrow strips were a consequence
of the lower water table.

The nitrogen concentration of the surface peat
increased with decreasing ditch spacing and was high-
est on the narrowest strip as was observed by Lau-
hanen and Kaunisto (1999). The effect of fertilization
was evident in the nutrient status of surface peat even
22 years after the application. However, the effect was
restricted mostly to the 0 — 5 cm peat layer and it was
confined to phosphorus. Similar results have been
observed also earlier: in the study by Sundstrom et
al. (2000) more than half of the added phosphorus and
10 — 20 % of potassium were detected in the surface
peat layer 22 years after the fertilization treatment.

In this study, the pines had suffered from phos-
phorus and potassium deficiencies prior to the fertili-
zation treatment (for deficiency limits see Reinikainen
et al. 1998). Fertilization treatments increased tree
growth most of all on the widest 40 m strips. On the
narrower strips, the nitrogen nutrition was adequate
and the effect of the additions of the main nutrients
(PK) were fairly modest. The result is similar to that
obtained by Penttild (1987). In his study fertilization
increased stand growth on 30 m and 50 m strips and
decreased it on narrower strips.

The effect of nitrogen application with phospho-
rus and potassium (NPK treatment) could not be de-
tected in the height growth of tree stand 18 years af-
ter the fertilization. Several studies have shown that
the duration of nitrogen fertilization effect on tree
growth is relatively short - less than ten years - es-
pecially on nitrogen-rich sites (Kaunisto 1977, Paavi-
lainen 1977, Moilanen 1993).

Studies conducted by Kaunisto 1977, Heikurain-
en et al. (1983) and Sundstrom (1995) showed that NPK
fertilization increased tree stand growth equally on
plots representing all the strip widths - the data were
collected from nutrient-poor and nitrogen-deficient
drained mires, where nitrogen probably limited tree
growth also in the efficiently drained areas. In this
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study, the site type in question was relatively rich in
nitrogen. The results of needle analysis enable one to
conclude that the availability of nitrogen for the trees
had improved essentially as a result of efficient drain-
age and that this resulted in maximal height increment
reaction, which masked part of the PK-fertilization re-
action. Moreover, on the 10 m strips, all the sample
trees were located by the sides of ditches where the
nitrogen mobilization is high (Lihdesmiki and Piis-
panen 1983).

On fertilized 40 m strip plots - where the increased
tree growth was most conspicuous - the groundwater
table was lower than on the corresponding unfertilized
plots. Presumably the tree stand’s increased volume
due to fertilization has resulted in greater interception
and transpiration, which had then lowered the ground-
water table. This possibility has been discussed also
in previous studies (Heikurainen and Pdivianen 1970,
Pédivinen 1982, Laine 1986).

Karsisto (1979a), among others, presented results
on cellulose decomposition activity and the increase
in microbial activity as drainage efficiency increases.
In this study, the phenomenon was encountered only
during the winter, from October to May, when the drop
in the weight of cellulose on average was so much
greater narrower the strip in question.

Fertilization had a somewhat confusing impact on
the decomposition of cellulose: the treatments appeared
to increase the decomposition rate during the winter
whereas in summer the differences in the decomposi-
tion rate were very small. The effect of NPK and ash
fertilization on cellulose decomposition - indicating
microbe biomass and basal respiration activity — has
been observed also in other studies (Karsisto 1979a,
1979b, Paavilainen 1980). In the results obtained by
Brakke and Finér (1990), fertilization improved cellu-
lose decomposition in the surface peat of a low-shrub
pine bog both in summer and in winter.

Despite the high nitrogen concentrations in the
peat, nitrogen deficiency affected the needles of trees
forming the unfertilized stands in the middle of the 40
m strips and the nitrogen concentrations increased with
increasing drainage efficiency. The mean nitrogen
concentrations of the control stands were sufficient
on the narrower (10 and 20 m) strips. The results are
in agreement with the results presented by Lauhanen
and Kaunisto (1999): as drainage maintenance inten-
sity increased the foliar nitrogen content was higher.

According to Paarlahti et al. (1971), PK-fertiliza-
tion decreases the foliar nitrogen concentrations of
pines growing on drained mires. In this study, this
proved to be the case in stands growing on 10 m strips.
The foliar nitrogen concentrations in the fertilized
stands on the 10 and 20 m strips were well over the
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deficiency level (1.30 %). In this study, the addition
of nitrogen had no effect on the foliar nitrogen con-
centrations.

Foliar nitrogen concentrations can be quite high
if there is an excess of available nitrogen with a si-
multaneous shortage of mineral nutrients in peat and
needles (Paarlahti et al. 1971, Kaunisto 1982, 1987,
Pietildinen et al. 1996) as was the case in this study
on the 10 m strips. In such a situation, trees store
excess nitrogen as arginine (Pietildinen and Léh-
desmiki 1986, Pietildinen et al. 1996). If mineral nutri-
ents are added, trees utilize their arginine stores, tree
growth increases, and foliar nitrogen concentrations
decrease (Pietildinen et al. 1996). The decrease in fo-
liar nitrogen concentration due to PK and NPK fertili-
zation has been demonstrated in several other stud-
ies, too, focusing on peatland forests in Finland (Paar-
lahti et al. 1971, Kaunisto 1982, 1987, Moilanen 1993).
In this study, PK and NPK fertilization decreased the
arginine concentrations of the needles on all strip
widths. These concentrations were extremely low in the
stands on the 40 m strips, indicating nitrogen deficien-
cy in these stands.

Regardless of strip width, the phosphorus concen-
trations were below the deficiency level (1.4 mg g') in
the needles of trees growing on the control plots. Both
PK and NPK fertilizations increased the phosphorus
concentrations of the needles and eliminated the phos-
phorus deficiencies, thereby serving to indicate that the
effect of the applied phosphorus still continued. Hart-
man et al, (2001) showed that the effect of broadcast
fertilization can last for 25 - 30 years (see also Kaunis-
to 1989).

Paarlahti et al. (1971), Sarjala and Kaunisto (1993
and 1996) determined the potassium deficiency level
as being at 3.5 mg g'. In this study, the potassium
concentrations were low on plots representing all strip
widths. Evidently the effect of the added potassium
had ceased in 22 years: earlier investigations have
shown that the effect of potassium fertilization with
potassium chloride on tree growth or nutrient status
lasts for about 15 — 20 years (Kaunisto 1989, 1992).
The high N/K ratio of the needles also indicated de-
creasing potassium contents. Several factors can af-
fect foliar potassium concentrations. In this study, the
most likely reason for the decrease in the potassium
concentrations of the foliage was simply its scarcity
in the substrate, which is characteristic of this kind
of thick-peated fens (Kaunisto and Paavilainen 1988).

The applied fertilizers did not contain boron. The
boron concentrations of the needles were effected by
the interaction of drainage intensity and fertilization.
On 10 m strips, the boron concentrations in the nee-
dles of the fertilized trees diminished close to the
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deficiency level of 7 mg kg'. The N/B ratio of the
needles increased as drainage efficiency increased.
Lauhanen and Kaunisto (1999) also observed low
boron concentrations on drainage maintenance areas.

It appears to be inevitable that pine stands on
the 10 m strips will run into boron deficiencies. In
cases where stands have suffered from severe boron
deficiency alone or accompanied by concurrent po-
tassium deficiency, frequent apical dieback has been
observed in pine stands (Huikari 1977, Reinikainen et
al. 1998). To avoid such situations, boron containing
peatland fertilizers should be used.

Conclusions

The results show that in Northern Central Finland
the narrowing of strip width of thick-peated tall-sedge
fen drainage areas improves the nitrogen status in the
stands, but it also causes potential problems with re-
spect to sufficiency of mineral nutrients. On more ef-
ficiently drained shoulders and narrow strips (10-20
m), powerful nitrogen mineralization and improved tree
growth deplete potassium and boron stores and en-
hances PKB fertilization requirement as the nutrient
stores are depleted. As the fertilization effects are most
beneficial on the presently recommended 40 m strips,
the narrowing of the strips from 40 m is not justified
even when fertilization treatments are considered: as
the drainage intensity increases the cost of drainage
as well as the wood production area lost in the ditch-
es increases. If thick-peated areas are drained intense-
ly applying narrow strips, boron-containing PK or
NPK fertilizers must be used to prevent the occurrence
of potassium and boron deficiencies.
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BJUSAHUE MHTEHCUBHOCTHA OCYINEHUSA U YIOBPEHUH HA COCHSKH,
IMPON3PACTAIOILINE HA OJIMTOTPO®HOM BOJIOTE

II. Mueruasiinen, M. MoljaaHeH

Pe3zonme

[lenbio HcciefoBaHUs OBUIO BBISICHEHHE POCTa W COAEPMAHHS THTATEIBHBIX BCIICCTB Y COCHBI B 3aBHCHMOCTH OT
OCYUIEHHS H T0DaBICHHS MATATCIBHBIX BCLICCTB Ha onMroTpodHoM Gonore. THnoTe3a 3aK10Maach B TOM, YTO YBEITHUCHHC
HHTCHCHBHOCTH OCYUIEHHS YCKOPSET Kak Npolece MHHepaIH3audH MUTATENbHLIX BEMECTB Topha, Tak H pOCT APCBOCTOA.

Ob6next HeenenoBauust ocyied B 1975 r (mmpuna ocymerssrx monoc 10 M, 20 M u 40 M). B 1977 rony BHEeceHBI
ynobpenus (6e3 ynobpeuuii, obpadorka PK, obpaborka NPK). B 1995-1999 romax 3aMepeHs! ¥ NpoaHadH3HPOBAHbLI
RapaMeTpsl JIPEBOCTOS H MECTONPOU3PACTAHHS.

OcymieHde 1 ynoOpeHHe MONOKHTEABHO BIUAIM HA THAPOCTPYKTYPY Topda M mapaMcTphl, XapaKTEpH3YIOLIHE ero
MHTaTENBHOCTh, @ TAKKE HA COACPMAHHC MHTATCIBHBX BEIUECTB B APeBOCTOE M ero pocT. Ha y3xux momocax 10w 20 M 8
JIeTHUI MepHo/l YPOBEHb IPYHTOBBIX BOJL Majall, Pacrhaj LENII035! MPOHCXO/THIT OblcTpee, YeM Ha UIMPOKHX mosocax 40 M.
Ynobperus yCKOpHIN pacnaj UeJIIoN03s! B BepXHeM croc Topda B 3uMHHi nepron. B tevenue 3umsr 1995-1996 r. norepn
B Macce LEMTIONO3HBIX OPHKETOB B MOBCPXHOCTHOM CITO€ TOP(ha COCTABHIH cOOTBETCTBEHHO 21 % Ha 10-MCTPOBBIX MOAOCAX,
15 % na 20-metpoBsix 1 13 % na 40-meTpoBsix nmogocax. Ha 10-MeTpoBBIX MOMOCaX BCIHYHHB! KOHLCHTPAUHH 00UIeT0 a30Ta,
aMMMAYHOTro a30Ta, H coiep)anus (ocdopa Oblan HAHOONBIINME, HO 3HAUCHHS KATHA H 60pa ObIIH 3HAYUHTENRLHO HIDKE, UeM
Ha 40-MeTpoBeIX MonocaX. BHecerne ynobpeHuH mpuBeso K MOBBILEHHIO coxepxanua docdopa u kamus B Topde K
YMEHBIIEHHIO KOHUEHTPAUHH aMMHaIHOTo asota. HeynoOpeHHble COCHBI Ha ITHPOKHX NOJNOCaX CTPafalli OT HEAOCTaTKa a3oTa,
docdopa u xamusa (npencnst geduuura: N = 12 mr/r, P = 1,4 mr/r, K = 3,5 Mr/r). 3uauenus colepxanus a30Ta U apruHuHa B
XBOC POCITH MO MEPE YBEJIHUCHHA HHTEHCHBHOCTH JipeHaxa. O6paboTka ynoOGpeHHAMH MOBBIIIAET KOHLUEHTpAHIO Qocdopa 1
KagHs B XBOE Ha BCEX ITOJOCAX M - K CHIDKACT KOHLICHTpauni 60opa 1 aprHHHHA Ha y3KHX nosocax. [To Mepe cyxeHns nmonocst
mapaMeTpsl cofepxanus Oopa SBHO YMCHbUIANHChL. YMEHBUICHHC IIMPHHBI TONOCH MPHBOAHT K YIYYIICHHIO COCTOSHHS
HACBHIEHHOCTH a30TOM COCHAKa Ha onHroTpodHelx GosoTax ¢ ToncTsiM coeM Topha. BozmoxHa mpobicma nonyueHus azora
H JIpYTHX MHTATENBHBIX BELIECTB: C YNYUUICHHEM POCTa H YBEIHYEHHEM OHOMACCH! JPEBOCTOIH CBA3BIBAET 3HAUHTENBLHYIO
YacTh 3aMacoB colepxaliuxcst B Topthe Munepanbubix Beulects (P, K, B) u, Takum 06pa3zoM, yBeaHUHBAET HEOOXOAMMOCTS
YICITONB30BaHHA YIOOPEHHH MO MEpe MCTCYEHMs 3aMacoB BBIILECYMOMAHYTHIX NMUTATENbHBIX BEUIECTB. Bausanne ynobpenuit
HanboNee BRIPaXKEHO HA ITHPOKO HCIMONB3YEMbIX B HACTOSAINCE BPEMS MMONTOCaX MWHPHHOH 40 M.

CyxeHue nonocs! He0OOCHOBAHO, MOCKONBKY BO3PACTAIOT PACXOAB! MO JPEHAXKY H YBEIHYHMBACTCA BbINAAAIOIAA U3
APEBOIPOH3BOCTBA IUIOWIAAb, HEOOXOMHMAs JUIA CO3TAHUA JIPEHAXKHBIX KaHAIOB. [IpH BBHITONHEHUH APEHAXA ¢ Y3KHMHU
MOJIocaMH Ha y4YacTKe ¢ TOJICTBIM cioeM Topda, B KauecTse YI0OpeHHs CaeyeT NpuMeHaTs 6opeonepxkauiee PK-ynobpenue
C LEBIO MPEXOTBPAILCHHA BOSHHKHOBEHHS COCTOAHHS TUTATETLHOTO HCTOILECHHS.

Knouessie cioBa: TopdsaHas mousa, 00J0TO, MUTATENbHBIC BEIIECTBA, pa3jaraioliee Bo3jaeHcTBHe Topda, UHpHHa
MOJIOCHI, BHECEHHE YI0OPEHH, POCT IPEBOCTOS, TPYHTOBBIC BOJIBI.
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