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The effect of peat nitrogen concentration and fertiliza-
tion on the foliar nitrogen concentration of Scots pine
(Pinus sylvestis L.) in three temperature sum regions
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Wood production capacity on drained peatlands depends on the site type and tempera-
ture sum. Site type is closely related to the peat total nitrogen concentration. This study
aims at clarifying the effect of peat nitrogen, fertilization and refertilization on the
foliar nitrogen concentration of Scots pine in different temperature sum conditions
(850, 950 and 1080 d.d.) on peatland sites with a wide peat nitrogen gradient (0.79—
2.80% in the 0-10 cm layer). In the coldest region, regardless of the peat total nitrogen
concentrations in the 0-10 cm surface peat layer and PK- fertilization or PK-
refertilization (37 and 26 years earlier respectively), the needle nitrogen concentrations
were mostly below the severe deficiency limit (N = 1.2%) and also the arginine con-
centrations revealed a nitrogen shortage (<0.5 mg g!). In the middle region the mean
nitrogen concentrations in the needles were clearly higher and in the PK- fertilization
and PK-refertilizations (32 and 22 years earlier respectively) surpassed the slight nitro-
gen deficiency limit (N = 1.3%). Also the arginine concentrations surpassed the defi-
ciency limit (0.5 mg g') in both fertilization treatments although the mean arginine
concentrations were near or under the deficiency limit. In the warmest region 25-26
years after the spot fertilization the mean nitrogen concentration was 1.84% and the
arginine concentration was 3.04 mg g ' revealing a surplus of nitrogen caused by phos-
phorus and potassium deficiencies. The PK-fertilization given 10 years later decreased
the nitrogen concentration to 1.56% and the arginine concentration to 0.58 mg g™'. In
the more favourable conditions the nitrogen and arginine in the needles increased when
the nitrogen in the peat increased. In conclusion, tree growth in the middle and the
warmest temperature sum region would respond to PK-refertilisation above a certain
total peat nitrogen level but in the coldest temperature sum region tree growth would
not respond to PK-refertilization in any of the studied peat total nitrogen conditions
because of nitrogen deficiency.

Key words: climate, deficiency, foliar analysis, nitrogen, peat nitrogen, fertilization,
temperature sum.
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Introduction

Adequate drainage is a prerequisite for good for-
est growth on peatlands. The wood production
potential of a drained peatland is determined by
its site type (Lukkala 1930, Huikari 1952,
Heikurainen 1959) and by the regional climate
(Heikurainen 1959, Keltikangas et al. 1986). Tree
growth within the same peatland site type de-
creases along with the decreasing temperature
sum (Heikurainen 1959, Keltikangas et al. 1986,
Sundstrom et al. 2000). This is why different cli-
matic zones have been separated according to
their post drainage productivity in Finland
(Heikurainen 1959, Keltikangas et al. 1986). Tree
growth decreases along with the decreasing tem-
perature sum also in fertilized stands
(Heikurainen et al. 1983, Heikurainen & Laine
1985, Sundstom 1995), and the growth increase
due to fertilization lasts a shorter period of time
in low than in high temperature sum conditions
(Heikurainen & Laine 1985).

The total peat nitrogen concentration (Vahtera
1956, Westman 1981) and accordingly also tree
growth (Heikurainen 1959, Keltikangas et al.
1986) increase from sites with dwarf shrubs and
low sedges towards sites with tall sedges and
herbs. A close positive relationship between the
total peat nitrogen concentration and tree growth
has bee shown in several investigations (Kaunisto
1982, 1987, Kaunisto & Paavilainen 1988).
Kaunisto (1982, 1987) showed that the total ni-
trogen concentration of the surface peat layers had
a high positive correlation with the height devel-
opment of young Scots pine stands in separate
fertilization experiments. Similarly also peat and
foliar nitrogen concentrations have a close posi-
tive correlation (Kaunisto 1982, Lauhanen &
Kaunisto 1999).

It has been shown that nitrogen mineralisation
decreases along with the decreasing soil tempera-
ture (Kaunisto & Norlamo 1976), and that needle
nitrogen concentrations are dependent on the tem-
perature sum of the previous summer (Kaunisto
1985). Sundstrom et al. (2000) suggested, using an
indirect method, that tree growth is limited below
the temperature sum of 950 d.d. by the inadequate
microbial release of organically bound nitrogen.

On sites with high nitrogen availability mere

PK-fertilization improves tree growth
(Paavilainen 1979, Kaunisto 1982, Moilanen
1993) whereas on sites with low nitrogen avail-
ability fertilization with mineral nutrients in-
creases tree growth only slightly and for a short
period of time (Karsisto 1974, Paavilainen 1977,
Moilanen &Issakainen 1990, Moilanen 1993). On
nitrogen-poor sites even NPK- fertilization may
not increase tree growth (Sundstrom 1995), es-
pecially so in the low temperature sum conditions
(Heikurainen et al. 1983, Heikurainen & Laine
1985).

At the time of the drainage the site type and
the temperature sum are good indicators in pre-
dicting the wood production capacity of a Scots
pine stand (Heikurainen 1959, 1960). However,
as a drained peatland site ages and the post-drain-
age changes in the vegetation continue, the de-
termination of the original site type becomes dif-
ficult. Also the changes in the nitrogen concen-
tration of peat, an increase due to decomposition
process and a decrease due to the nutrient uptake
by trees, make it more difficult to estimate the
nitrogen status of a site and its effect on the ni-
trogen nutrition of trees.

The foliar nitrogen and arginine concentra-
tions indicate nitrogen balance in Scots pines.
Arginine is a normal component of the proteins
and it serves as a N storage compound, buffering
excess N (Ferm et. al 1990). Arginine responds
to a variety of environmental and nutritional fac-
tors. Pietildinen and Lihdesmiki (1986) showed
that in unfertilized areas arginine levels increased
in pine needles and PK-fertilization decreased
arginine concentration. Pietildinen et al. (1996)
showed that in phosphorus, potassium and boron
deficiencies the arginine concentration increases
in the needles of Scots pine growing on drained
peatlands. The increase in foliar phosphorus and
potassium concentrations that occurs after ferti-
lization has a close negative correlation with foliar
nitrogen and arginine (Pietildinen et al. 1996) and
is followed by a strong growth reaction when the
mineral nutrients promote the flux of N into
growth.

This study aims at clarifying the effect of the
total peat nitrogen concentration and fertilization
on the foliar nitrogen concentration of Scots pine
in three fertilized and refertilized peatland areas



having a wide total peat nitrogen concentration
gradient at the temperature sum levels of 850,
950 and 1080 d.d.

Material and methods

Three drained mires typical of central and north-
ern central Finland representing three different
temperature sum regions (850, 950 and 1080 d.d.
threshold value 5 °C), and having a wide varia-
tion in peat nitrogen concentration, were chosen
for this study (Table 1). The thickness of the peat
layer was over one metre in all areas. Originally
Pudasjarvi and Taivalkoski sites were sparsely
treed where as [lomantsi was a treeless mire. The
original site types ranged from low sedge bogs
(with Sphagnum fuscum hummocks) to herb rich
fens (Huikari 1952). The sites had been drained
in the middle-1960°s and early 1970°s (Table 1).
The strips were halved with supplementary
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ditches in Pudasjérvi in 1995 (Table 1) and on
the most nitrogen poor sites in Ilomantsi in 198 -
82 (Kaunisto 1987, Hartman et al.2001). The
ditch spacings at the time of the study were 20,
40 or 45 m. In all three areas the drainage func-
tioned well.

At llomantsi all the strips were ploughed with
a double mould board plough that makes a shal-
low furrow with low peat ridges on both sides in
1970-71. The plough ridges were sown with pine
seeds and spot fertilized with NPK fertilizer right
away (Table 1). The sites were refertilized with
various nutrient amounts and combinations in the
late 19707s or early 1980°s. The treatments se-
lected for this study are shown in Table 1. At
[lomantsi (1080 d.d.) 18 sample plots were se-
lected from A) unrefertilized, B) PK-refertilized
and C) PK+B+Cu-refertilized plots of the experi-
ment (Hartman et al. 2001). The peatland PK-
fertilizations at Pudasjérvi and Taivalkoski were
done as practical aerial fertilizations in the 1960’s

Table 1. Basic information on the research sites. Site types from low sedge bogs to herb rich fens in all areas.

Taulukko 1. Koekenttien perustiedot. Suotyyppivaihtelu piensarardmeestd ruohoiseen nevaan kaikilla alueilla.

Location Temp. Total N Drainage Ditch Basic Re- Plots
sum,d.d." inpeat,%  year spacing, m  fertil.? fertil.»

[lomantsi 1080 0.98- 1970-71 40 1970-71 1980-81 18

62° 45" N; 2.59 1980-81 20/40 % NPK, 0, P+K,

31°00" E P+K+B+Cu

148 m a.s.l.

Pudasjirvi 950 1.04- 1965 90 1968 1978 33

65° 23'N; 2.98 1995 45 PK, 0, PK,

27°40'E

190 m a.s.l.

Taivalkoski 850 0.70- 1962 90 1963 1974 29

65°32'N; 2.74 1972 45 P+K 0, PK,, PK +K,

28°25'E

240 m a.s.l.

1) Threshold value 5 °C.

2) NPK = spot fertilization 30 g per spot of NPK fertilizer (14-8-8), PK, = 500 kg ha™' of PK fertilizer (P 52 kg and K

63 kg ha''), P+K (P 86 kg + K 100 kg ha™).

3) P+K+B+Cu = P 45 kg, K 78 kg, B 1,0 kg, Cu 8 kg ha™'. PK

=200 and 500 kg ha™' of PK fertilizer (P 18 and 45

2 and 5

kg and K 33 and 78 kg ha ' respectively). PK +K,= 400 kg of PK fertilizer + 200 kg ha™' of KCI (P 36 kg and K 66 +

K 100 kg ha'").

In 2) and 3) Phosphorus given as rock phosphate and potassium as potassium chloride.
4) The strips of the most nitrogen poor sites were halved with supplementary ditches
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and the refertilization experiments on the two
peatlands were done in the 1970’s (Table 1). At
Pudasjarvi (950 d.d.) 33 plots were selected A)
unrefertilized and B) PK-refertilized plots and at
Taivalkoski (850 d.d.) 29 plots were selected A)
unrefertilized, B) PK-refertilized and C) PK+K-
refertilized for the study. In all experiments phos-
phorus had been given as rock phosphate and
potassium as KCI. The plots for the study were
selected to represent a wide gradient of the peat
total nitrogen concentration both in unrefertilized
and refertilized treatments in all experiments (Ta-
ble 2). In the 0—10 cm surface peat layer there
were great differences between the sites on the
plots fertilized only once. On the northernmost
site the mean peat total nitrogen content was con-
siderably lower than in the other regions The
range of the peat total nitrogen contents was wider
in the 10-20 cm than in the 0-10 cm peat layer in
all sites but contrary to the 0-10 cm layer the
contents were slightly higher in the 850 d.d. than
in the 950 d.d. region. On the refertilized plots
the nitrogen range between the different sites was
more even in both layers.

Table 2. Peat total nitrogen concentrations of the 0-10 cm
and 10-20 cm layer in the different areas and fertilization
treatments.

Taulukko 2. Turpeen kokonaistyppipitoisuus 0-10 cm:n ja
10 -20 cm:n kerroksissa eri alueilla lannoituskdsittelvttdin.

Temp. N%
sum (d.d.) Mean Min. Max. n
Basic fertilization 850 1.19 079 235 13
0-10 cm layer 950 .55 1.12 216 14
1080 190 1.10 2.80 6
Refertilised plots 850 1.49 091 264 16
0-10 cm layer 950 1.59 1.04 298 19+
1080 1.89 0.79 270 12
Basic fertilization 850 1.93 1.02 3.11 I3
10-20 cm layer 950 1.81 082 2.63 14
1080 2.07 093 329 6
Refertilised plots 850 2.08 1.18 326 16
10-20 cm layer 950 197 1.17 3.06 20
1080 223 1.18 3.14 12

* One value missing — Yksi havainto puuttuu

The peat samples from [lomantsi (1080 d.d.)
were taken in October 1995 and in Pudasjirvi
(950 d.d.) and Taivalkoski (850 d.d.) in October
1999. Four peat cores were taken 10 m from and
parallel to the ditch from each 20 m x 20 m plot,
which was marked inside an original 40 m x 45
m fertilization plot. The vegetation and
undecomposed plant material on the top of the
cores were discarded and the following 0-5 cm,
5-10cm and 10-20 cm layers were separated and
the four corresponding core sections of each plot
were combined, put into plastic bags and stored
at =21 °C. The peat N concentrations were ana-
lysed with Kjeldahl method according to the out-
lines given by Halonen et al. (1983).

The needles were sampled in March 1996 for
Ilomantsi (1080 d.d.) and in March 2000 for
Pudasjirvi (950 d.d.) and Taivalkoski (850 d.d.).
The needle samples were taken from the top third
of the crown of four trees per plot. The current
needles and a branch from each sample tree were
put into separate plastic bags and stored at —21
°C until their nutrients were analysed. The nee-
dle samples of each plot were combined and N
concentrations were determined with Kjeldahl
method. After dry combustion and dissolving in
hydrochloric acid the potassium concentrations
were determined using an atomic absorption spec-
trophotometer (Hitachi 100—40). The phospho-
rus concentrations were determined spectropho-
tometrically according to the outlines given by
Halonen et al. (1983). The free arginine concen-
tration in the needles was determined by the
method of Sakaguchi (1951) as modified by
Messioneo (1966) and Pietildinen et al. (1996).
The Figures were drawn and the Tukey s t-tests
as well as the linear regressions were calculated
with the SPSS software package.

Results
Needle nitrogen

The mean nitrogen concentrations in the needles
of Scots pines fertilized with PK only once were
1.10%, 1.35% and 1.84% in the temperature sum
regions of 850 d.d., 950 d.d., and 1080 d.d. respec-
tively (Fig. 1). The mean nitrogen concentrations
in the needles of the Scots pines refertilized with
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Fig. |. The mean nitrogen concentration of the needles of
PK-fertilized (O) and PK-refertilized (X) Scots pines grow-
ing on drained peatland in regions of different temperature
sums. (The error bars indicate 95% confidence level and n
= number of samples).

Kuva 1. Ojitetun suon ménnyn neulasten typpipitoisuuksi-
en keskiarvot PK-lannoitetuilla (O) ja PK-jatkolannoite-
tuilla (X) koealoilla eri ldmpdsummavyiohykkeilld. Jana
kuvaa 95 %.:n luotettavuusvdlid ja n = navtteiden luku-
mddird.

PK were 1.12% in the 850 d.d., 1.31% in the 950
d.d. and 1.56% in the 1080 d.d. region (Fig. 1).
The difference in the needle nitrogen concentra-
tions between the temperature sum regions of 850
d.d. and 950 d.d. was significant (p = 0.026). In the
coldest region PK- fertilization or PK-refertilization
(37 and 26 years earlier respectively) the needle
nitrogen concentrations were below the severe de-
ficiency limit (N = 1.2%, Fig. 1) suggested by
Paarlahti et al. (1971) on average. In the middle
region the mean nitrogen concentrations in the nee-
dles were clearly higher and surpassed the slight
nitrogen deficiency limit (N = 1.3%, Paarlahti et
al. 1971, Raitio 1981) in both treatments (fertilized
32 and 22 years earlier). In the warmest region 25—
26 years after the spot fertilization the mean nitro-
gen concentration was above optimum (1.5-1.6%,
Paarlahti et al. 1971, Kaunisto 1982). The PK-fer-
tilization 10 years later decreased the nitrogen con-
centration to the optimum level.
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Fig. 2. The mean foliar free arginine concentration in PK
fertilized (O) and PK refertilized Scots pines growing on
drained peatland in regions of different temperature sums.
(The error bars indicate 95% confidence level and n =
number of samples).

Kuva 2. Ojitetun suon mdnnyn neulasten liukoisen argi-
niinin pitoisuuksien keskiarvot PK-lannoitetuilla (O) ja PK-
jatkolannoitetuilla (X) koealoilla eri limposummavydhyk-
keilld. Jana kuvaa 95 %:n luotettavuusvilid ja n = ndyvt-
teiden lukumddrd.

Needle arginine

The mean free arginine concentrations in the nee-
dles of Scots pines fertilized only once were 0.35
mg g, 0.52 mg g' and 3.04 mg g' in the tem-
perature sum regions of 850 d.d., 950 d.d., and
1080 d.d. respectively (Fig. 2). Refertilization
decreased the concentration. The mean free ar-
ginine concentrations in the needles of the Scots
pines refertilized with PK were 0.33 mg g' in
the 850 d.d., 0.35 mg g™ in the 950 d.d. and 0.58
mg g in the 1080 d.d. temperature sum region
(Fig. 2). In the coldest region the arginine con-
centrations revealed a nitrogen shortage (<0.5 mg
g ', Pietildinen et al. 1996) in both PK- fertiliza-
tion and PK-refertilization treatments (37 and 26
years earlier respectively). In the middle region
the free arginine concentrations surpassed the
deficiency limit (0.5 mg g') in both treatments
(fertilized 32 and 22 years earlier). In the warm-
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Fig. 3. The mean phosphorus concentration of the needles
of PK fertilized (O) and PK-refertilized (X) Scots pines
growing on drained peatland in regions of different tem-
perature sums. (The error bars indicate 95% confidence
level and n = number of samples).

Kuva 3. Ojitetun suon mdnnyn neulasten fosforipitoisuuk-
sien keskiarvot PK-peruslannoitetuilla (O) ja PK-jatkolan-
noitetuilla (X) koealoilla eri limpdsummavydohykkeilld.
Jana kuvaa 95 %:n luotettavuusvilii ja n = ndytteiden
lukumddrd.

est region 25-26 years after the spot fertilization
the mean arginine concentration was manyfold
compared with the values mentioned above but
the PK-fertilization 10 years later decreased the
concentration near the level of arginine shortage.

Needle Phosphorus

The mean phosphorus concentrations of the nee-
dles of Scots pines fertilized only once were 1.54,
1.83 and 1.28 mg g~'in the temperature sum re-
gions of 850, 950 and 1080 d.d., respectively (Fig.
3). The difference in the phosphorus concentra-
tion between the two coldest regions was signifi-
cant (p=0.003). Refertilization with PK increased
the phosphorus concentration of the needles from
1.28 to 1.96 mg g~' (Fig. 3, p=0.002) in the trees
growing in the 1080 d.d. region. Refertilization
had no effect on the phosphorus concentration of
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Fig. 4. The mean potassium concentration of the needles of
PK fertilized (O) and PK- refertilized (X) Scots pines grow-
ing on drained mires in regions of different temperature
sums. (The error bars indicate 95% confidence level and n
= number of samples).

Kuva 4. Ojitetun suon médnnyn neulasten kaliumpitoisuuk-
sien keskiarvot PK-lannoitetuilla (O) ja PK-jatkolannoi-
tetuilla (X) koealoilla eri limposummavyohykkeilld. Jana
kuvaa 95 %:n luotettavuusvilii ja n = ndytteiden luku-
mddrdi.

the needles in the other two areas (1.54 and 1.83
mg g™'). According to the border values (1.39 mg
g”') given by Paarlahti et al. (1971) the needle
phosphorus concentration was below the defi-
ciency level on the spot fertilized plots of the 1080
d.d. region and below the optimum level (1.70
mg g') in both fertilization treatments in the 850
d.d. region. The needle phosphorus concentra-
tions were at an optimum level in both fertilized
and refertilized trees of the 950 d.d. region as well
as on the refertilized plots of the warmest region.
The phosphorus concentrations in the needles of
the PK-refertilized Scots pines in the region of
850 d.d. were significantly (p=0.001) lower than
the concentrations of the needles in the 950 d.d.
region.

Needle Potassium

The mean potassium concentration in the nee-
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Fig. 5. Linear regression of needle nitrogen (y) and peat
total nitrogen concentration (x) in fertilized Scots pines in
850 d.d. (p =0.204), 950 d.d. (p = 0.246) and 1080 d.d. (p
= 0.083) regions. Dotted line at needle N% = 1.30 is the
nitrogen deficiency level.

Kuva 5. PK-lannoitettujen méinnyn neulasten (y) ja tur-
peen (x) 0—10 cm:n pintakerroksen kokonaistypen viilinen
lineaarinen riippuvuus eri lampdosummavyohykkeilld.

dles of Scots pines fertilized only once was 3.57
mg g ' in the 850 d.d. region, 3.95 mg g' in the
950 d.d. region and 3.81 mg g' in the 1080 d.d.
region (Fig. 4). Refertilization with PK increased
mean potassium concentrations of the needles in
all areas indicating that there may have been a
potassium shortage at some stage after the first
fertilization (Fig. 4). The mean potassium con-
centration (3.72 mg g ') was still near the severe
potassium deficiency level (3.5 mg g according
to Paarlahti et al. 1971 and Sarjala & Kaunisto
1993) in the coldest region. On the other
refertilized sites potassium concentrations were
satisfactory 4.31 mg g in the 950 d.d. region
and 4.72 mg g' in the region of 1080 d.d. The
potassium concentration of the needles in the
coldest region was significantly (p = 0.01) lower
than in the 950 d.d. region. The increases in the
potassium concentration of the needles due to PK-
refertilization were not significant.
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Fig. 6. Linear regression of needle nitrogen (y) and peat
total nitrogen concentration (x) in refertilized Scots pines
in 850 d.d. (p = 0.351), 950 d.d. (p =0.013) and 1080 d.d.
(p=0.001) regions. Dotted line at needle N% = 1.30 is the
nitrogen deficiency level.

Kuva 6. PK-jatkolannoitettujen ménnyn neulasten (y) ja
turpeen (x) 0—10 cm:n pintakerroksen kokonaistypen vdli-
nen lineaarinen riippuus eri ldmposummavoyhykkeilld.

Relationship between soil and needle nitro-
gen concentrations

On the fertilized plots the regression between the
needle and peat nitrogen concentrations was not
significant in the 850 d.d. region (y = 1.01 + 0.08x,
Fig. 5). On the fertilized plots the nitrogen con-
centration in the needles increased with the in-
creasing peat total nitrogen concentration in the
950 d.d. and 1080 d.d. regions (Fig. 5). In the
950 d.d. the highest nitrogen concentration of the
needles was 1.53%, and the nitrogen concentra-
tions in several needle samples were over the
slight deficiency level of 1.30%. The regression
between the needle and peat nitrogen concentra-
tions was not significant in the 950 d.d. region (
y = 1.12 + 0.15x). In the 1080 d.d. region, all
needle nitrogen concentrations were above the
deficiency limit. The highest nitrogen concentra-
tion was 2.44%. However, the regression between
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the needle and peat nitrogen concentrations was
not significant (y = 0.90 + 0.49x). The nitrogen
concentration in the needles of the PK fertilised
stands increased when the temperature sum in-
creased (Fig. 5).

In the refertilized plots the regression between
needle and peat total nitrogen concentrations was
not significant in the 850 d.d. region (y =1.18 -
0.04x). The needle nitrogen concentration was
below the nitrogen deficiency level and rather
stable throughout the nitrogen gradient (Fig. 6).
On the refertilized plots in the regions of the 950
d.d. and 1080 d.d. the nitrogen concentration of
the needles increased with the increasing peat
total nitrogen concentrations. In the 950 d.d. re-
gion the relationship between the peat total and
needle nitrogen concentrations was significant
and the peat nitrogen concentration was 1.45%
at the deficiency level of the needles (y = 1.14+
0.11x;r*=0.31, p=0.013). In the 1080 d.d.region
the relationship was highly significant. The peat
total nitrogen concentration was 1.31% when the
foliar nitrogen concentration was at the deficiency
level (y =0.62 + 0.52 x; r’=0.69; p = 0.001, Fig.
6).

Relationship between foliar free arginine
and nitrogen concentrations

On the fertilized plots the free arginine concen-
tration in the needles decreased with the decreas-
ing temperature sum. In the 850 d.d. region the
regression between free arginine and foliar nitro-
gen was not significant (y = 0.63 - 0.26x; Fig. 7)
and the free arginine concentration was under the
deficiency level (Pietildinen & Lidhdesmaki
1996). The regressions between free arginine and
needle nitrogen were significant on the fertilized
plots in the 950 d.d. (y =—1.46 + 1.47x;r*=0.34,
p =0.029) and 1080 d.d. regions (y = -10.31 +
7.27x; r*=0.83, p=0.011). The needle nitrogen
was 1.33% in the 950 d.d. region and 1.49% in
the 1080 d.d. region when the free arginine was
0.5mg g™

On the refertilized plots in the 850 d.d. re-
gion the regression between foliar free arginine
and nitrogen was not significant (y =0.57 - 0.21x;
Fig. 8). The regressions were significant in the
950d.d. (y=-1.38 + 1.32x;r* = 0.27, p = 0.023)

and in the 1080 d.d. regions (y = -1.47 + 1.32x;
r? = 0.60, p = 0.003). The needle nitrogen was
1.42% in the 950 d.d. region and 1.49% in the
1080 d.d. region when the free arginine was 0.5

mgg'.

Discussion

Needle nitrogen concentrations can be quite high
if there is an excess of available nitrogen with a
simultaneous shortage of mineral nutrients in the
needles (Paarlahti et al. 1971, Raitio 1981,
Kaunisto 1982, 1987, Pietildinen et al. 1996). In
this kind of situation trees store excess nitrogen
as arginine (Pietildinen and Lihdesméki 1986,
Pietildinen et al.1996, Lankila et al. 2000). Hav-
ing a high N/C ratio (4/6) arginine is an effective
nitrogen storage of amino acids in Scots pines.
When mineral nutrients are added trees utilize
their arginine stores, tree growth increases and
needle nitrogen concentration decreases
(Pietildinen et al. 1996, see also Pietildinen and
Lihdesmiki 1986). The decrease in the needle
nitrogen concentration due to PK-fertilization has
been shown also in several other studies concern-
ing Finnish peatland forests (Paarlahti et al. 1971,
Raitio 1981, Kaunisto 1982, 1987, Moilanen
1993).

In this investigation, the addition of mineral
nutrients decreased the nitrogen and free arginine
concentrations on average in the temperature sum
regions of 950 d.d. and 1080 d.d. but not in the
850 d.d. region. The average needle nitrogen con-
centrations were above the optimum values in the
spot fertilized trees of the 1080 d.d. region. Here
PK-refertilization decreased nitrogen and free
arginine concentrations considerably indicating
that there was a reasonable surplus of nitrogen to
be utilized by trees on average. The nitrogen and
free arginine concentrations were above the defi-
ciency limit on the fertilized plots also in the area
of 950 d.d. on average. Here there was a slight
decrease in the nitrogen and arginine concentra-
tion of the needles due to refertilization, indicat-
ing a small surplus of nitrogen. The result im-
plies a possibility to increase tree growth by fer-
tilizing with mineral nutrients in these tempera-
ture sum conditions. However, it does not tell if
the growth increase is high enough for an eco-
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Fig. 7. Linear regression of foliar free arginine (y) and nee-
dle nitrogen concentration (x) in fertilized Scots pines in
850 d.d. (p=0.371), 950 d.d. (p = 0.029) and 1080 d.d. (p
=0.011) regions. Dotted line at needle arginine = 0.5 mg g
"indicates the nitrogen deficiency level.

Kuva 7. PK-lannoitettujen mdnnyn neulasten liukoisen
arginiinin (y) ja neulasten typen (x) vdlinen lineaarinen
riippuvuus eri ldmpdsummavyohykkeilld.

nomically satisfactory investment.

When evaluating the effect of the peat total
nitrogen concentration on the nitrogen nutrition
of trees the phosphorus and potassium nutrition
of trees should be satisfactory. This was the case
in the refertilized stands of the 950 and 1080 d.d.
regions. There was a significant positive regres-
sion between the peat total nitrogen and the nee-
dle nitrogen concentrations in both areas. The peat
total nitrogen concentration in the 0—10 cm layer
was 1.45% in the 950 d.d. and 1.31% in the 1080
d.d. region when the regression lines crossed the
nitrogen deficiency level 1.30% in the needles.
The result implies that above these peat total ni-
trogen concentrations trees may benefit from
phosphorus and potassium fertilization. The re-
sult agrees well with the results of Kaunisto
(1982). In quite similar temperature sum condi-
tions in western Finland he found that NPK ferti-
lization compared with PK increased tree growth
below the peat total nitrogen concentration of 1.3—
1.40% 1in the 5-10 cm peat layer.
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Fig. 8. Linear regression of foliar free arginine (y) and nee-
dle nitrogen concentration (x) in refertilized Scots pines in
850 d.d. (p=0.257), 950 d.d. (p =0.023) and 1080 d.d. (p
=0.003) regions. Dotted line at needle arginine = 0.5 mg g
" indicates the nitrogen deficiency level.

Kuva 8. PK-jatkolannoitettujen ménnyn neulasten liukoi-
sen arginiinin (y) ja neulasten typen (x) viilinen lineaari-
nen riippuvuus eri lampdsummavyohykkeilld.

In the 850 d.d. region trees suffered from po-
tassium deficiency on both fertilized and
refertilized plots and also the phosphorus levels
were under optimum. In spite of the low phos-
phorus and potassium levels on both fertilized
and refertilized plots the needle nitrogen concen-
trations were low and indicated nitrogen defi-
ciency regardless of the total nitrogen concentra-
tion of peat in this temperature sum region. In
both treatments the needle nitrogen concentration
was lower than 1.30% (except for one outlier),
which was suggested by Paarlahti et al. (1971) to
be the level under which trees would benefit from
nitrogen fertilization. Also in the study of
Lauhanen & Kaunisto (1999) the needle nitro-
gen concentrations were quite low in an experi-
ment with a high peat total nitrogen concentra-
tion in an area with the temperature sum of 867
d.d., even after drainage maintenance, although
the variation was very wide.

The foliar arginine concentration below 0.5
mg g is regarded as the border value under which
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trees start suffering from nitrogen shortage, and
the protein synthesis in the needles is retarded
(Lahdesmiki & Pietildinen 1996). In the 850 d.d.
region the free arginine levels were lower than
0.5 mg g ' suggesting that there were no excess
nitrogen stores. The result implies that nitrogen
availability rather than phosphorus and potassium
controlled the nitrogen status of pines and that
there was not enough nitrogen to support a PK
refertilization even at the highest peat total nitro-
gen levels in this region.

The results agree quite well with the ones pre-
sented by Keltikangas et al. (1986) who found in
a large survey concerning drained peatland for-
ests in whole Finland that tree growth had not
increased on tall sedge pine fens within about 35
years since drainage in the temperature sum re-
gion of 761-860 d.d. The results agree quite well
also with the low growth increments achieved by
PK and NPK fertilization in Lapland summarised
by Aarnio et al. (1997) and with those presented
by Kaunisto (1985). He showed that tree height
growth was highly dependent on the temperature
sum of the previous summer (variation from about
850 to 1150 d.d.) on pine mires.

In the 850 d.d. region the regression between
the foliar free arginine and nitrogen was not sig-
nificant and the arginine concentrations were less
than 0.5 mg g' regardless of the foliar nitrogen
concentration on both fertilized and refertilized
plots. In the two warmer regions the regressions
were significant in both treatments. In the 950
d.d. region the foliar nitrogen concentration was
1.33% mg g' and in the 1080 d.d. region 1.45%
when the free arginine concentration was 0.5 mg
g in the fertilized trees. In the refertilized trees
the foliar nitrogen concentrations were 1.42% and
1.49% respectively. This agrees with the results
of Paavilainen (1979) in similar conditions. He
found that NPK fertilization compared with PK
fertilization increased tree growth below the foliar
nitrogen concentrations of 1.45%.

Conclusions

The regression between the peat total nitrogen
and the foliar nitrogen decreased as the tempera-
ture sum decreased. Regardless of the peat total
nitrogen concentration both the foliar nitrogen and

arginine concentration showed that there was a
nitrogen deficiency in the PK-fertilized and PK-
refertilized stands, when the temperature sum was
850 d.d.

On the other hand, the foliar nitrogen and ar-
ginine concentration showed a surplus of nitro-
gen, which could support a PK-refertilization in
the higher peat nitrogen concentrations when the
temperature sum was 950 d.d. and 1080 d.d..
More research is needed to confirm the range of
the limit values of the surface peat obtained in
this investigation.
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Turpeen kokonaistyppipitoisuuden ja lannoituksen vaikutus minnyn neulasten
typpipitoisuuteen kolmessa eri limposummavyohykkeessia

Johdanto

Ojitetun suon puuntuotoskyky riippuu turpeen
pintakerroksen typpipitoisuudesta (Kaunisto
1982, 1987, Kaunisto & Paavilainen 1988). Ka-
ruilla, vihityppisilld soilla lannoitus kivennéis-
ravinteilla voi lisdtd puuston kasvua, mutta vain
lyhytaikaisesti (Karsisto 1974, Paavilainen 1977).
Tallaisille kohteille ei kuitenkaan suositella typ-
pilannoitusta, koska annettu typpi sitoutuu puille
kdyttokelvottomaan muotoon ja vaikutus puus-
ton kasvuun on lyhytaikainen ja heikko (Kaunis-
to 1977, Paavilainen 1977). Aarnio ym. (1997)
osoittivat, ettd karujen soiden minnikoiden lan-
noitus typpea sisiltavilld lannoitteilla ei ole kan-
nattavaa, mutta pelkkd PK-lannoitus oli kannat-
tava runsastyppisillé soilla.

Lamposumman vaikutusta ojitettujen soiden
ménnikdiden typpiravitsemukseen on tutkittu vé-
hin. Tiedetdén kuitenkin, ettd typen mineralisaa-
tio pienenee, kun maan lampdétila laskee (Kau-
nisto & Norlamo 1976) ja ettd ménnyn neulasten
typpipitoisuus korreloi positiivisesti seké turpeen
kokonaistyppipitoisuuden ettd ilman lamposum-
man kanssa (Lauhanen & Kaunisto 1999). Tie-
detédéin my®ds, ettd puuston kasvu pienenee samalla
suotyypilld ilman lamposumman laskiessa. (Hei-
kurainen 1959, Keltikangas et al. 1986) ja on riip-
puvainen edellisen vuoden ilman lamp&summasta
(Kaunisto 1985).

Kiytinnon metsitaloudelle on tarkeédd kehit-
tdd menetelmid, joilla voidaan tunnistaa ne kas-
vupaikat, joilla typen saatavuus riittdd ylldpita-

miin kannattavaa puuntuotantoa. T4t tietoa tar-
vitaan erityisesti silloin, kun tehddédn kunnostus-
ojitus- ja lannoituspaatoksia.

Tidssd tutkimuksessa pyritddn selvittdmién
maa- ja neulasanalyysin avulla ménnyn typpira-
vitsemusta eri limposummavychykkeissi sijait-
sevilla soilla, joilla on laaja sisdinen pintaturpeen
typpipitoisuuden vaihtelu. Aihetta kisitellddn
sekd peruslannoituksen ettd jatkolannoituksen
nikokulmasta. Tutkimuksessa tarkastellaan myos
turpeen typpipitoisuuden merkitystd PK-lannoi-
tuksen tulokseen vaikuttavana tekijiné eri lam-
posummavyohykkeissa.

Aineisto

Tutkimukseen valittiin kolme paksuturpeista oji-
tettua suota kolmesta eri limposummavyodhyk-
keestd (850 d.d. Taivalkoskella, 950 d.d. Pudas-
jérvelld ja 1080 d.d. Ilomantsissa, kynnysarvo 5
°C, taulukko 1). Kaikilla alueilla aineistossa oli
sekd kertaalleen ettd kahteen kertaan lannoitet-
tuja koealoja. Pudasjérven ja Taivalkosken koh-
teet olivat alunperin vihipuustoisia rameité ja [lo-
mantsin kohde avosuota. Trofiataso vaihteli rah-
kamattdisestd piensarasaisuustasosta ruohoisuu-
teen. Jokaisella koekentilld pyrittiin saamaan
mahdollisimman suuri turpeen typpipitoisuuden
vaihteluvili. TAma onnistuikin verraten hyvin,
mutta pohjoisimmalla koekentélld pintaturpeen
(0-10 cm) kokonaistyppipitoisuus kertaalleen
lannoitetuilla koealoilla oli keskiméérin selvisti



alempi kuin muilla (taulukko 2). Sen sijaan 10—
20 cm:n typpipitoisuus oli keskiméérin korkeam-
pi kuin keskimmdiselld koekentdlld. Ojitukset ja
lannoituskisittelyt on esitetty taulukossa 1. Ilo-
mantsin, koekentdltd valittiin tutkimukseen ké-
sittelyt A) laikkulannoitus metsityksen yhteydes-
sd, B) A ja PK-jatkolannoitus ja C) A ja
PK+B+Cu-jatkolannoitus. Pudasjédrven koeken-
taltd valittiin tutkimukseen késittelyt A) perus-
lannoitus ja B) A ja PK- jatkolannoitus ja Taival-
kosken koekentiltd A) peruslannoitus, B) A ja PK-
jatkolannoitus ja C) A ja PK+K-jatkolannoitus.
Kaikissa kokeissa fosfori annettiin raakafosfaat-
tina ja kalium kaliumkloridina (kalisuolana). Tur-
ve- ja neulasnéytteet otettiin kaikissa kokeissa sa-
malla tavoin. [lomantsin turpeet otettiin lokakuus-
sa 1995, Pudasjérven ja Taivalkosken turpeet lo-
kakuussa 1999. Kultakin koealalta otettiin neljd
osandytetta. Eldva kasvillisuus- ja maatumaton
pintakerros poistettiin ndytteisté ja osandytteet yh-
distettiin kerroksitttain (0-5, 5-10 ja 10-20 cm)
ja sdilytettiin muovipusseissa —21 °C:ssa.

Neulasndytteet kerittiin Ilomantsin kokeelta
maaliskuussa 1996 sekéd Pudasjédrven ja Taival-
kosken kokeilta maaliskuussa 2000. Neulasnéyt-
teet otettiin minnyn latvuksen eteldnpuoleisesta
ylimmistd kolmanneksesta. Turve- ja neulasndyt-
teet analysoitiin Muhoksen tutkimusasemalla
Metsdntutkimuslaitoksen kédyttdmilld rutiinime-
netelmilld.

Tulokset

Jatkolannoitetuilla koealoilla neulasten typpi-,
arginiini, fosfori- ja kaliumpitoisuudet alenivat
lampdsumman alenemisen myotd (kuvat 1- 4).
Neulasten fosforipitoisuus oli tyydyttiva tai hyvé,
mutta kaliumpitoisuus oli kylmimmaén lampo-
summavyohykkeen (850 d.d.) koealoilla ldhelld
ankaran puutoksen rajaa (3,5 mg g-') seké perus-
ettd jatkolannoitetuilla koealoilla. Limpimimmén
lamposummavyshykkeen (1080 d.d.) koealoilla
Jjatkolannoitus korjasi laikkulannoituksen jilkeen
ilmenneet fosforin ja kaliumin puutokset (kuvat
3ja4). Kylmimmissd limposummavydhykkees-
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sd mannyn neulasissa oli ankara typen puutos (N
= 1,2 %) riippumatta turpeen kokonaistyppipi-
toisuudesta, joka jatkolannoitetuissa koejédsenis-
sd oli 0-10 cm:n turvekerroksessa korkeimmil-
laan 2,64 % ja 10-20 cm:n kerroksessa 3,10 %
(taulukko 2, kuvat 5 ja 6). Neulasten arginiinipi-
toisuudet olivat kylmimméssi lampdsummavyo-
hykkeessi kaikilla koealoilla, turpeen ja neulas-
ten typpipitoisuudesta riippumatta, alle 0,5 mg g
- (kuvat 7 ja 8), jonka alapuolella valkuaisaine-
synteesi hidastuu (Pietildinen & Lihdesmiki
1996). Tilld vyohykkeelld jatkolannoitus ei to-
dennidkoisesti lisdisi puuston kasvua perus- tai
Jjatkolannoituksen jdlkeen korkeimmissakaan til-
14 kasvupaikalla tavatuissa turpeen typpipitoi-
suuksisssa, vaikka peruslannoituksesta olisi ku-
lunut jo 32 ja jatkolannoituksesta 26 vuotta.

Keskimmaisessid vyohykkeessd neulasten typ-
pipitoisuus ylitti lievén puutosrajan (N = 1,30 %)
jatkolannoitetuilla koealoilla, kun turpeen typpi-
pitoisuus oli yli 1,45 % (kuva 6). Limpimimmas-
sd vyohykkeessd vastaavasti neulasten typpipi-
toisuus ylitti jatkolannoitetuilla koealoilla puu-
tosrajan, kun turpeen typpipitoisuus oli 1,31 %,
janeulasten typpipitoisuus kohosi jyrkisti turpeen
typpipitoisuuden lisddntyessd. Tulokset viittaavat
siihen, ettd PK-jatkolannoituksella voitaisiin li-
sdtd puuston kasvua edelldmainittuja korkeam-
missa turpeen typpipitoisuuksissa 950 d.d:n ja
1080 d.d:n lampdsumma-alueilla ja ettd viime-
mainitulla kasvu lisdéntyisi varsin voimakkaasti
turpeen typpipitoisuuden funktiona.

Paatelmiit

Tulosten mukaan kasvupaikan kykyi tyydyttaa
puiden typen tarve eri limpdsummavyohykkeis-
sd voidaan arvioida turpeen kokonaistyppipitoi-
suuden avulla. Tulokset osoittavat lisidksi, etti
puut saattavat kirsid typen puutoksesta varsin
runsastyppisillakin rdmeilld, jos ilman ldmpdsum-
ma on 850 d.d. tai sitd pienempi. Edelleen niyt-
tdd siltd, ettd PK-lannoituksella tai PK-jatkolan-
noituksella ei tdllaisissa olosuhteissa voida saa-
da aikaan sanottavaa puuston kasvun lisdysta.
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