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Because wood ash contains same main nutrients as commercial PK-fertilizers it may be an alternative to treat
deficiencies of P and K, common in peatland stands. In this study, we compared the effects of wood ash and PK fertiliser
on the volume growth and nutritional status of Scots pine stands. The data were collected from 4 field experiments
established on drained mires in northern Finland. The living trees were measured in 1996 - 2001 to reconstruct the stand
development back to the time of the fertilisation. Needle samples were taken when 15-20 years had passed from the
fertilisation.

The rate and the magnitude of the growth response were in direct proportion with the thickness of the peat layer
and the N-status of tree stand. With similar doses of phosphorus, PK-fertilisation increased stem volume growth faster
than wood ash. The effect of ash became stronger when 15 years had elapsed from the treatment. On oligotrophic and
shallow-peated sites, where the stand was suffering from the lack of usable nitrogen, PK fertiliser had no effect on tree
growth, whereas the effect of ash seemed to become evident after ten year. Significant increases in foliar concentrations
of phosphorus, potassium, and boron were observed 20 years after treatment in all of the PK and wood ash fertilised
stands. Ash treatment increased also needle dry mass and PK treatment decreased zinc concentration in needles.

Keywords: drainage, nitrogen, nutrient status, phosphorus, peatland, peat thickness, Pinus sylvestris L., PK fertilizer,
potassium, stand growth, wood ash.

Introduction is often also a simultaneous lack of nitrogen (Paar-

lahti et al. 1971, Kaunisto and Paavilainen 1977, Kau-

Deficiencies of mineralised phosphorus are com-
mon in Scots pine stands growing on drained thick-
peated mires (e.g. Paarlahti and Karsisto 1968, Kar-
sisto 1974, Kaunisto and Paavilainen 1988, Moilanen
1993, Paavilainen and Pdivdnen 1995). Moreover, orig-
inally sparsely stocked, wet and nitrogen-rich mires
have developed potassium deficiencies that causes
a growth reduction (Kaunisto and Tukeva 1984, Kau-
nisto 1989, Kaunisto 1992). Particularly on nutrient-
poor sites and in northern climatic conditions, there

nisto 1977, 1982, 1987a, Paavilainen 1977, Penttild
1984, Moilanen and Issakainen 1990, Moilanen 1993).
In addition, the amounts of micronutrients — espe-
cially of boron — are low in peat, and this can in-
duce growth disturbances in pines on fertile, drained
mires (Veijalainen ef al. 1984). On mires with a shal-
low peat layer less than 30-40 cm, the root-system
reaches to the mineral soil, resulting in a better po-
tassium status than on sites with a thicker peat lay-
er (Saarinen 1997).
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Approximately 1.7 million hectares of nutrient
deficiencies and imbalances in Scots pine stands on
drained peatlands have been successfully remedied by
fertilisation in Finland during the past fifty years. On
nitrogen-rich sites, P fertilisation with fabricated com-
pound fertilisers may improve the phosphorus status
of tree stand and increase growth for 20 — 30 years
(Moilanen 1993, Silfverberg and Hartman 1999). The
effects of water soluble K and N fertilisers are faster
but of shorter duration than that of P fertilisation - only
10 to 20 years on nitrogen-rich sites (Kaunisto 1992,
Moilanen and Issakainen 1990, Moilanen 1993, Kaun-
isto et al. 1999). PK compound fertilisers are recom-
mended on nitrogen-rich sites, whereas NPK fertilisa-
tion is recommended on nitrogen-poor sites (e.g.
Paavilainen 1972, Kaunisto 1977, Kaunisto 1982, Moil-
anen 1993, Paavilainen and Piivianen 1995, Silfverberg
and Hartman 1999). However, the effect of N on nitro-
gen-poor sites remains considerably weak compared
with the response to PK on nitrogen-rich sites (e.g.
Moilanen 1993).

In Finland, wood ash is produced in heat and
power plants that adjoin pulp mills and other large pro-
duction plants with annual amounts exceeding 100 000
tonnes. In the late 1990’s, nutrient recycling became
current in Finnish forestry because of the requirements
of the new environmental legislation and the new land-
fill directives (Korpilahti et al. 1999, Hogbom and
Nohrstedt 2001, Nilsson 2001). Practitioners of peat-
land forestry have an interest know to what extent
wood ash functions as a soil improvement agent —
and whether it is a suitable alternative or complement
to commercial PK fertilisers.

It has been well documented that wood ash con-
tains considerable amounts of mineral nutrients —
especially phosphorus and potassium — usable for
ground vegetation and tree stands (Silfverberg 1996).
The fertilising effect of wood ash on Scots pine (Pi-
nus sylvestris L.) growth on drained peatlands has
been known for a long time (Lukkala 1955, Silfverberg
and Huikari 1985, Ferm et al. 1992, Silfverberg 1996,
Moilanen et al. 2002). Despite the positive effects of
wood ash on drained mires, the use of ash in forest
fertilisation has remained at a rather modest level (Ko-
rpilahti et al. 1999), and most of the ash produced has
ended up in landfills.

The aim of this study was to compare the effects
of wood ash and commercial PK fertiliser on the wood
production and nutrient status of Scots pine on
drained mires in northern Finland. We put forward a
hypothesis that the response of a tree stand depends
on — in addition to the fertilisation — the thickness
and the nitrogen content of the peat substrate. Al-
though the quantity of phosphorus would be the same,
differences in e.g. the speed of element leaching sug-
gested that the temporal responses (speed, timing and
duration) of Scots pine to ash and PK were different.

Materials and methods
1. Experiments

The 4 field experiments used in this study were
established on mires drained between 1961 and 1980
and located in the northern boreal coniferous zone in
central and northern Finland, between the latitudes 63
°N and 67 °N (Table 1). Ditch spacing varied between
25 and 45 m. The sites represented fertility range from
cotton-grass pine bogs (TR) to herb-rich birch-pine
fens (RhSR) (site classification according to Laine and
Vasander 1996). The average peat thickness varied from
30 to over 100 cm. The stands were at a sapling or pole
stage when the experiments were set up, with the
dominant height of 5-9 m. The dominant tree species
in all stands was Scots pine (Pinus sylvestris L.) with
a mixture (less than 15 % of stem volume) of pubes-
cent birch (Betula pubescens Ehrh.) and Norway
spruce (Picea abies Karst).

The wood ashes applied came from three thermal
and electric power plants (Kajaani, Oulu, Sodankyld)
(Table 2). The dust-like ash used originated mainly from
wood or bark fuel, except the Kajaani ash, which con-
sisted of a mixture of burned bark, peat and black lig-
uvor. The ash doses varied from 900 to 7 000 kgha'!
dry weight. The main and micronutrient concentrations
in the ashes were measured in the laboratory of Muhos
Research Station (HCl-extraction, AAS (Halonen et al.
1983). The nutrient concentrations (e.g. phosphorus
and potassium) varied considerably depending on the
origin of the ash. However, the ash treatments con-
tained more or less the same amounts of phosphorus
and potassium as the PK fertiliser treatment (Table 2).

Experiment Coordinates  LocationTemperature Site Peat Years of Stand Table 1. Basic information on the

(number, name) N, E) (mas.l)sum(dd) type d(ep)th ditching ;/olzu}r:z experiments at the time of the es-
) m” ha .

1. Lestijarvi 179 63°34°, 24°42° 145 1056 TR-PsR 1,0+ 1977 13 tablishment.

2. Kuhmo 1/80 64°17°,29°48° 175 972 PsR 0,3 1980 35

3. Sodankyld 1/79  67°03’, 26°31° 215 823 VSR 1,0+ 1977 8

4. Rovaniemi 1/80 66°21°, 25°28 80 943 VSR-RhSR 0,4 1961, -81 17

" site types according to Laine and Vasander 1996.
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Table 2. The treatments, ash sources,

. i Exp. Treatment Dosage, Nutrients applied as elements, kg ha'
flosages, and‘ nutrients amounts applied keha P K Ca 7n B
in the experiments.
1 Control
1 PK fertiliser for peatlands 500 4 83 120 0 1,0
1 Bark ash (Oulu) 7000 28 77 644 5.2 1,0
1 Control
2 PK fertiliser for peatlands 500 44 83 120 0 1,0
2 Bark ash-/ peat ash (Kajaani) 6000 30 50 1540 34 0,4
1 Control
3 PK fertiliser for peatlands 500 4 83 120 0 1,0
3 Chip wood ash (Sodankyld) 2250 50 130 935 0,2 0,9
1 Control
4 PK fertiliser for peatlands 500 44 83 120 0 1,0
4 Chip wood ash (Oulu) 900 27 45 284 0,7 0,4

The commercial fertiliser was a PK fertiliser for peat-
lands (8.7 % P, 16.6 % K, 0.2 % B) manufactured by
Kemira Corporation. The PK fertiliser dosages (500 kg
ha!) were equivalent to those of the present and past
recommendations in forest practise in Finland (Paavi-
lainen and Pdivianen 1995).

The experimental lay-out followed the randomised
block design with two to four replications. Unfertilised
plots were included in each of the experiments as the
third treatment. The size of the experimental plots
varied from 0.10 to 0.17 hectares. The fertilisers were
applied manually in summer or autumn in years 1979 -
1982 (Table 3).

Table 3. The points of time for tree stand measurements and
for needle and peat samples, a = autumn, s = spring.

Experi- Time of Treatments  Stand Needle Peat

ment fertilisation X replicates measures samples samples
= plots

1 5-6/1979 4 x3 =12 al997  3/1999 51997

2 7/1981 4 x2=28 a2001 3/2000 al999

3 4/1981 4 x 3 =12 a2000  4/2000 al994

4 11/1982 4x2=28 al997 1/1998 s1999

2. Measurements, samples and chemical analyses

The stand measurements and the foliar sampling
were carried out between 1997 and 2001 (Table 3),
when 15-20 years had elapsed since the fertilisation.
For the tree stand measurements on each of the plots,
either one (Rovaniemi) or two (Lestijarvi) measurement
circles with a radius of 8-9 metres were marked, de-
pending of the shape or size of the plot. In Kuhmo
and Sodankyld, the tree stand was measured on the
whole plot, excluding a 5 meter wide edge area. In the

measurement areas, all trees (40—120 per plot) were
counted by species and at breast-height (1.3 m) diam-
eter classes (cm, minimum diameter class 5 cm). At each
plot the heights (dm) and diameters at breast height
(d1.3, mm) were measured from 15-30 randomly cho-
sen pines. The height increments of the sample trees
were focused on five-year periods prior to and after
the fertilisation. Increment cores were extracted from
breast height from each sample tree to determine the
development of annual radial growth during the study
period microscopically with the accuracy of 0.01 mm.
The development of tree stand volume was calculat-
ed by using the taper curve and volume functions for
Scots pine (Laasasenaho 1982).

To determine the site fertility of the experiments,
peat samples were collected from the unfertilised plots
(Table 3). One composite sample consisted of 5-10
subsamples, which were distributed uniformly over the
plot excluding a 5 meters wide edge area. The living
vegetation and undecomposed plant material of the peat
cores were discarded from the analyses. The layers, 0—
10 cm or 0-20 cm were separated into plastic bags and
stored at -21 °C. After drying (at 70 °C for 48 hours)
and weighing, the total N concentration was determined
by the Kjeldahl method (Halonen et al. 1983).

Needle samples were taken from all experiments
15-20 years after fertilisation (Table 3). Current nee-
dles were collected from the sun-exposed upper whorls
of 6 to 8 dominant trees per plot. The nitrogen con-
centrations were determined using the Kjeldahl meth-
od. After dry combustion and dissolving in hydrochlo-
ric acid, K concentrations were determined using an
atomic absorption spectrophotometer (AAS-method,
Hitachi 100-40). The concentrations of B were deter-
mined using the azomethine-H method, and those of
P using the vanado-molybdate method as outlined by
Halonen et al. (1983).
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3. Statistical analyses
3.1. Annual growth by experiments

Two-way analysis of covariance was applied to
test the effects of PK and wood ash treatment on the
absolute annual volume growth of the tree stand sep-
arately for each experiment. The average pre-treatment
volume growth of two years before fertilization was
used as a covariate. The statistical significance of the
differences between the treatments were analysed
using Bonferron’s paired t-test and showed in experi-
mentwise results.

3.2. Periodic growth in all data

The stand growth response was studied also us-
ing all data by analysing the changes in the five-year
periodic relative growth I_rel, which was calculated as
follows:

IvRel =1 v/l v, (1)

where IvRel is the relative growth in a time period t (t
=1,..., 4), I v is the volume growth in t, and I v/ is
the average stand volume growth of a two-year peri-
od before fertilisation.

Because of the hierarchical data structure, with
repeated measurements of the same sample plots and
several plots within each stand, the assumption of
independence of observations was violated. Conse-
quently, the following mixed ANOVA model with fixed
and random parts was constructed. Logarithmic trans-
formation was used to normalise the distribution of the
response variable.

In(IvRel(t)) = a + X + Treatment + Period + Shp
+ TreatmentxPeriod + Shpx
Treatment + ShpxPeriod
+ ShpxTreatmentxPeriod

+ uxite + Vbluck te (t) (2)

plot

where: a = overall mean
X = vector of fixed plot (or experiment) level co-
variates (e.g., initial plot standing volume, m*ha!)
Treatment = fertilisation treatment (Control, PK,
wood ash)
Period = categorical time effect referring to the
5-year growth periods (1, 2, ... , 4)
Shp = categorical site effect referring to shal
low-peated experiments (0/1)
u_ = random site effect (i.e., random variation

site

among experiments)

Ve — Fandom block effect (i.e., random varia-
tion among the blocks which were nested within the
experiments)

eplw(t) = residual error (function of time, t)

In the residual error, the following first-order au-
tocorrelation structure among the successive 5-year
growth periods (nested within blocks and experiments)
was assumed:

var(e,,, (1))
cov(e,, (t),e,, (t =5))

covie,, (e, (1=5))

Ol 080 ¢=5) = { vite, -5y | )

The fixed parameters, variances and covariances
of the random effects were estimated simultaneously
with a restricted maximum likelihood method (REML),
using the Mixed procedure in SAS. For pair-wise com-
parisons, the Tukey’s test was used.

3.3. Analysis of foliar nutrients and needle mass

Differences in the foliar nutrient concentrations
and average needle mass at the end of the study pe-
riod were tested with two-way analysis of variance
model using all data. The statistical significance of the
differences among the treatments were analysed us-
ing Tukey’s paired t-test.

Results
1. Stand volume growth responses

The increase of absolute annual growth due to
wood ash and commercial PK fertiliser was greatest on
the thick-peated and nitrogen-rich sites in Lestijarvi
and Sodankyld (the peat total N concentration 2,4 —
2,6 % of dry weight, and the foliar N concentration
12,3 - 12,8 mg g'). As the nitrogen status of the trees
was good, both ash and PK increased the stand vol-
ume growth significantly already during the first five-
year period (Figure 1). The response became stronger
with time: after 20 years the growth of fertilised trees
was more than double of that of the unfertilised trees
(difference to control 1.5-2.5 m3ha'a"'). During the
first years, PK treatment seemed to have a somewhat
stronger, and during the last years, slightly weaker
effect than wood ash, but the final differences in to-
tal stem volume were not statistically significant.

On the shallow-peated sites in Kuhmo and Rova-
niemi — where the peat total N concentration varied
between 1,2 — 2,6 % of dry weight - the effect of both
fertilisation treatments was statistically insignificant
(Figure 1). According to foliar analysis the nitrogen
status of the trees was poor (foliar N concentration
between 9,8 — 11,8 mg g'). However, on wood ash
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Statistical differences

Control vs. PK: years 1-9,12- 19
Control vs. Ash: years 3 - 19
PKvs. Ash:years 2 -5, 19
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Figure 1. The annual development of stand growth after fertilizer application in the experiments 1 — 4, covariance adjusted
values with standard errors of mean. Pair wise comparisons between the treatments have been made for each year and
experiment (statistical difference: p-value < 0.05 in Bonferron’s test).

plots the stand growth began to increase towards the
end of the study period.

In the mixed ANOVA model comparing the relative
stand growth among the fertilization treatments and
the control, the initial differences in the stand volume
had a significant influence on later growth. This was
accounted for with a covariate referring to stand vol-
ume at the time of fertilisation (Vol,)) (Table 4). No other
fixed plot or site level covariate (location /dd°C, peat
N content) was significant. The fertilisation treatment

and the time since fertilisation significantly influenced
periodic relative growth. Significant interactions be-
tween time since fertilisation and peat thickness, as
well as between fertilisation treatment and time were
observed-suggesting that the temporal responses to
treatment were different between the treatments. Sec-
ond order interaction among peat thickness, fertilisa-
tion and time indicated varying temporal growth re-
sponses to the fertilisation treatments between thick-
peated and shallow-peated sites.

Table 4. Model for the 5-20 year relative

Fixed part
growth response to the PK and ash fertili- Factor F-value NumDF DenDF p-value
sation treatments. The response variable is Vol, 8.30 1 72 <0.0052
In(IvRel). Treatment 17.84 2 72 <0.0001
Period 94.29 3 72 <0.0001
Shp*Period 12.47 3 72 <0.0001
Treatment*Period 2.75 6 72 0.0184
Shp*Treatment*Period 4.40 6 72 0.0008
Random part
Variable Estimate s.e. p-value t-value
Var(u,,) 0.0144  0.02995  0.315, n.s.
Var(v,, ) 0.02243 0.01848 0.1124, n.s.
corr(e,, (1), €, (t-5)  0.5853  0.1145 <0.0001
var(e,,, (1) 0.0311 0.00759  <0.0001

Vol, =

stand volume at time 0 yrs. (= when fertilised)
Treatment =

control, wood ash, PK-fertilizer

Shp = shallow (< 40cm) peat thickness, site-level dummy
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Random variation among the experiments as well
as the block effect were insignificant. The autoregres-
sive error term was highly significant. The positive
correlation (r = 0.5853) indicated that higher growth
in the former period was related to high growth of the
next period (Table 4).

2. Foliar nutrient concentrations and needle mass

As regards the nutrient concentrations in pine
needles, the deficiency limit for phosphorus has been
considered to be 1.3-1.4 mg g”', for potassium, 3.5
mg g, for nitrogen, 12 mg g and for boron, 7 ug g
' of dry weight (Paarlahti et al. 1971, Veijalainen et
al. 1984, Reinikainen et al. 1998). The nitrogen con-
centrations in the needles were near or slightly un-
der the deficiency level (Table 5). The unfertilised
trees were suffering from a lack of phosphorus and
potassium. Still 15-20 years after the fertilisation the
most favourable nutrient status was found in the ash-
and PK-fertilised stands. The concentrations of P, K,
and B were significantly higher than the control val-
ues and clearly above the deficiency level. Moreo-
ver, wood ash had significantly increased the dry
mass of the needles. PK fertiliser had lowered the
needles’ Zn concentration.

Table 5. Two-way ANOVA results for the nutrient concen-
trations of Scots pine needles 15-20 after fertilisation (mean
values of four experiments). Differences between the values
marked with same letters are not statistical within the peri-
od in Tukey’s test (p > 0.05).

Nutrient Control PK Ash
N, mg g’ 123 a 11.9a 11.7a
P, mg g*! 1.20 a 1.54b 155D
K, mg g! 3.62 a 407b 4.06b
Ca, mg g’ 1.98 a 1.99a 2.15a
Zn, mg kg 51a 44 b 48 a
Cu, mg kg 2,8 a 2.7 a 2.8 a
B, mg kg! 13.6 a 182b 186 Db
Dry mass of 100 needles, gl1.72 a 1.97ab  2.15b
p-values of ANOVA :

Nutrient Experiment  Treatment Exp.*Treat.
N 0.000 0.219 0.315
P 0.566 0.000 0.089
K 0.000 0.016 0.202
Ca 0.000 0.138 0.248
Zn 0.001 0.029 0.125
Cu 0.000 0.525 0.423
B 0.000 0.014 0.206
Needle mass 0.000 0.008 0.158

Discussion and conclusions

Since wood ash is shown to be an alternative to
commercial PK-fertilization (e.g. Silfverberg 1996, Silf-
verberg and Issakainen 2001), the comparison between
the two treatments in terms of growth and foliar nu-
trient status was made in this study. Although the
number of experiments in this study was limited to four,
the data represented pine mires from a climatic transect,
including wide range in site fertility and also varia-
tion in peat thickness. The data covered conditions
in which phosphorus and potassium deficiencies are
most likely to occur and PK-fertilization can be rec-
ommended in practical forestry. Consequently, we
consider the data proper for comparing effects of PK
and ash on tree growth on northern boreal drained
peatlands.

According to the results of previous studies the
magnitude of the response of tree stands after phos-
phorus-potassium fertilisation depends essentially on
the total nitrogen content of the surface peat: the better
the nitrogen status of the tree, the greater the growth
increase due to PK fertilisation (e.g. Kaunisto 1982,
1987a, Moilanen 1993, Pietildinen and Kaunisto 2003).
In this study, peat and needle analyses showed that
almost invariably, the site types differed as regards the
nitrogen status of the stands. On sites with a thick
peat layer (Lestijarvi, Sodankyld), the N/P-ratio in the
needles was between 11 and 12, while on sites with
shallow peat layers (Rovaniemi, Kuhmo), it remained
at around 9. Sites with shallow peat layers (peat thick-
ness < 40 cm) displayed poor or adequate nitrogen
status of trees according to needle analyses (Pietildin-
en and Kaunisto 2003); on the other hand, there was
an excess of N in respect of the stand requirements
on sites with thick peat layers. The thickness of peat
— which often reflects its N-concentration (e.g. Moil-
anen 1993) — had a clear connection with fertiliser-
induced increase in stand growth also in this study.

In studies on the afforestation of cut-away peat-
lands it has been observed that wood ash had a rela-
tively strong effect - comparable with PK fertiliser -
on the biomass production of Scots pine, downy birch,
and willow stands (Kaunisto (1987b) and Hyténen and
Kaunisto (1999)). However, Silfverberg and Issakain-
en (2001) noted that not even large amounts of ash
increased height growth in pine stands on drained
peatlands significantly more than a conventional PK
fertilisation over 13—15 years. In this study, the com-
parison between ash and PK fertiliser is more appro-
priate because of the similar doses of phosphorus and
potassium in ash and PK treatments. Moreover, the
amounts of P and K were also comparable with those
recommended for practical peatland forestry.
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The effect of PK fertiliser on oligotrophic, nitro-
gen-poor site (Kuhmo) turned out to be very modest;
a result which corroborates those previously published
from oligotrophic pine mires (Ipatiev and Paavilainen
1975, Kaunisto 1977, 1985, Moilanen and Issakainen
1990, Moilanen 1993). The effect of wood ash emerged
after 11-15 years, but the PK fertiliser did not have
such an increasing effect over that time. On nitrogen-
rich sites the stand volume growth increases obtained
with wood ash and PK fertilisation were of the same
magnitude as in previous studies in the same climatic
conditions (e.g. Moilanen 1993).

During the first five-year period PK fertiliser in-
creased volume growth more than wood ash. This
might have been due to the fact that about 20 % of
the phosphorus in the PK fertiliser was in the form of
superphosphate, whose solubility and the initial effect
on stand growth are known to be more rapid than with
other sources of phosphorus (e.g. Nieminen and Jar-
va 2000). The effective duration of PK fertilisers might
be limited by the exhaustion of potassium in the stands
already after 10-20 years (Kaunisto 1989, Moilanen
1993). The effective duration of phosphorus — regard-
less of its form — is considerably longer (Moilanen
1993, Silfverberg and Hartman 1999).

After 15 years the growth on the ash-fertilised
sites exceeded that of the PK-sites. Furthermore, un-
like PK fertiliser, nitrogen-poor sites the effect of ash
seemed to increase in strength over time, even in shal-
low-peated sites. The phosphorus in wood ash is
slow-soluble (Steenari ez al. 1999, Nieminen 2003),
which together with the accelerating decomposition of
organic material probably explains the long-term reme-
dial effect of ash (see also Moilanen et al. 2002). It is
likely that wood ash treatment will maintain growth at
a higher level than PK treatment during the following
years.

Both PK fertiliser and wood ash increased foliar
P, K, and B concentrations and improved the nutrient
status of tree stand at least for 20 years. As regards
phosphorus, the status will most likely remain good
for years or even decades still (Silfverberg 1996, Moil-
anen et al. 2002), but the status of the easily leacha-
ble potassium may be different, at least for PK ferti-
lised trees (Ahti 1983, Kaunisto 1992, Silfverberg 1998).
The effect of the water-soluble potassium chloride (KCI)
in PK fertiliser has often been noted to last only 15—
20 years (Kaunisto 1992, Moilanen 1993). As the fer-
tilising effect begins to run out, stand growth is like-
ly to become retarded by the lack of potassium, espe-
cially where using PK fertilisers, but also on ash-fer-
tilised sites.

In conclusion, our results suggest that wood ash
is a good alternative to commercial PK fertilizers in

drained pine mires. Stand nutrient status and growth
were enhanced over a longer period of time than with
commercial PK fertilisers (having phosphorus as raw
phosphate and potassium as KCIl) on both nitrogen-
rich and nitrogen poor sites.
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BJIUAHUE YIOBPEHUA HA MHUHEPAJIBHOE IIUTAHUE U POCT COCHBI
OBBIKHOBEHHOM (PINUS SYLVESTRIS L.) HA OCYIIEHHBIX BOJIOTAX -
CPABHEHUE JIPEBECHOM 30JIbl 1 ®OC®OPHO-KAJIUMHOTO YJIOEPEHUSI
IMPOMBIIIVIEHHOTI'O MPON3BOACTBA

M. Moiinanen, K. Cuandepbepr, X. Xéxks, . Uccakaiinen
Pestome

JlepuuuT MUHEpaIbHBIX IMHTATEIbHBIX BEIIECTB OIPAaHMYMBACT POCT APEBOCTOSI HAa OCYLICHHBIX TopdsHuKax. 3a
nocienaue 50 ner B OuHIsIHANY ObIIO MPOBEACHO ynoOpeHne 3a00104€HHBIX JIECOB B IIEJIOM Ha TEPPUTOPHH 1,7 MIIH. Ta, 4TO
COCTaBIISIET OKOJIO TPETH BCEX OCYIICHHBIX Iuromaneil. Ha GoraTeix a30ToM 60J0TaX HCIIOIB30BAIHCH B Ka9€CTBE ITOJKOPMKH
thochopro-kanmiiasie ynoopenus (PK), a Ha 6emHBIX a30TOM O0I0TaX — a30THO-(PochopHO-KanuitHble yanodoperus (ADK).

TenaoBBIMU 3JIEKTPOCTAHLIUAMH U LEJUTIONO3HBIMU 3aBOJJaMHU €KeroJHo BeIpabaTsiBaeTcs Oonee 100 000 ToHH
JIPEBECHOI1 30161, 30J1a, KaK U3BECTHO, COMEPIKHUT OOJIBIIOE KOJINISCTBO MUHEPATBHBIX BEIIECTB, HEOOXOAMMBIX PACTCHHUSAM, U
CHI)KAeT KUCIOTHOCTh ITOYBHI Ha J0JIroe Bpems. [IpakTuueckoe JIeCOBOACTBO 3aMHTEPECOBAHO B MH(POPMALIUK O TOM, KaKHM
obpazoM ymobpsiromiee AeHCTBUE IPEBECHOMH 30JIBI OTIIMYACTCSl OT BO3JCHCTBUS JPYTHX BUIOB IOJKOPMKH. BaxkHO Tarke
3HATh, B KaKOW CTCICHU JPEBECHAs 30J1a MOIKET MCIIOIb30BAThCS B KayeCTBE 3aMCHMTENS MM JOOABKU K yNOOpCHUSIM
HPOMBIIIIEHHOTO POU3BOJICTBA B MOAICPKAHUH TUTATEIILHOM Cpe/ibl OOJIOTHBIX JIECOB.

B Xozie TaHHOTO HCCIIEIOBaHMs M3y4aoCh Pa3Inuie BO3ACHCTBHS APEBECHOM 30116l M (O CHOPHO-KATUHHBIX YI00pEHHH
Ha IpUMepe YeThIPEX Pa3iIMYHBIX 0 MUTATENBHOH cpelie ydacTkax 6omoTHOro cocHsika B CeBepHoit Ounisinanu. B kauectse
nokasareist 3 (GEeKTHBHOCTH TTOAKOPMKH HCIIOIH30BAJIMCH U3MEHEHHS, OTMEUEHHEIE B paJHalbHOM MPUPOCTE JAPEBECHHBI U
U3MCHCHUS B COJICP)KAaHUHM MUHEPAJIbHBIX BEIIECTB B XBOE JICPECBBCB.

O6a Buzxa o0paboTKM 3aMETHO MOBJISIM HA POCT ApeBOCTOs. B mepBuie roasl GpocdopHO-KaIuitHEIe yNOOpeHUs
YCKOPSIJTH POCT COCHBI OOJblie, YeM JpeBecHas 3oia. [lo3qHee 3TH pa3auyusi BHIPAaBHUBAINCH M MPHHUMAIH OOPATHBIH
XapakTep: CIyctsi 15 JeT ¢ Havaja HOJKOPMKH YIOOpEHHsMH U 30J10if OoJiee OBICTPBIH MPUPOCT APEBECHHBI OTMEYAIICS Ha
ydJacTKax, IJie BHOCHIIACh ApeBecHas 3071a.

BBICTpOTa I MTHTCHCUBHOCTD JEHCTBHS MOJIKOPMKH HAXOAWIHCh B MPSIMOiT 3aBUCHMOCTH OT TOJIIMHBI TOPQSHOTO CII0s, a
TaKke OT KOHIIEHTPALMU a30Ta B Topde u epeBbsix. [IpH yIOBIETBOPUTEILHOM HMIIH JOCTATOYHOM COIEPIKAHMH a30Ta, Kak
JpeBecHas 3071, Tak 1 (HochopHO-KanuitHbIe YI0OpEeHHs 3aMETHO YCHUIIMBAJIHM POCT COCEH YyiKe uepe3 maTh jieT. Co BpeMeHeM
JIEUCTBUE TOJJKOPMKH YCHIMBAJIOCH, U yepe3 20 JIeT NpHUpoCT ApeBECHHBI 00pabOTaHHBIX YI00pEeHHEM coceH ObLT yKe B Ba
pa3a Goibllle, YeM y COCEH Ha CPaBHUTEIBHOM ydacTKe 0e3 BHeceHHs ynoOpenus (pasumma B 1,5 — 2,5 mi Ha rallNe). U,
HA000POT, B OOJOTHBIX JieCax ¢ TOHKHM TOP(GIHBIM cioeM (rmyOuHa cinos < 30 cM), TIe APeBOCTOH cTpamaeT OT HeJocTaTKa
a3oTa, BozaelcTBHE (HOCHOPHO-KATHUHBIX yIOOPEHUH OBLIO O4eHb HE3HAYUTEIBHO.

JleiicTBHE 000MX BHUAOB 0OPaOOTKH Ha MUHEpAIbHBIN OataHC AepeBbeB mpoaonkanoch u 20 set ciycts. Comepxanue
¢docdopa, kanus u 6opa B XBOE MPEBBILIAIO ASPULIUTHBIH yPOBEHBb, M ObLJIO 3HAYUTEIBHO BBIIIC, YEM Ha CPaBHUTEIIBHBIX
ydacTkax 6e3 moakopMkd. Ha ocHOBaHMM pe3yNbTaToB HCCIIEOBAHMS MOXKHO C/IeNIaTh BBIBOJ, YTO JAPEBECHAs 3071a XOPOIIO
HOJIXOIUT JUISl YIOOPCHHUsT OONOTHBIX JICCOB U SIBJISETCS Jake 0ojiee MPUEMIIEMBIM BUJIOM TOJKOPMKH, YEM TPaAUIIHOHHOE
(hochopHO-KanHiiHOE YIOOpEHHE MPOMBIIUICHHOTO POU3BO/ICTBA.

Kniouesvle cnosa: TopdaHuky, riryOuHa TopQsHOTO CII0si, TUAPOMEIHOpALHs, AePUIUT MUTATEIbHBIX BEILECTB, a30T,
tdocdop, xammit, Pinus sylvestris L, npupoct npeBecuHsl, GochopHo-KaauitHOe yao0peHne, IpeBecHas 30Ia.
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