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Six field experiments on the use of mineral soil for amelioration of pine-dominated
peatland forests were established in the 1920'sand 1930’s on drained miresin southern
and central Finland. The treatments consisted of varying amounts of different textured
mineral soil added on top of peatland. Soil samples were taken 52—74 years after the
mineral soil application in 10 cm layers, up to 40 or 50 cm depth. The samples were
analysed for pH, ash content, bulk density and nutrient concentrations. In two of the
experiments, foliar samples of Scots pinewere analysed 66 and 77 years after the min-
eral soil application, and in one experiment, tree growth was measured for the period
of 31-60 years after the application. The mineral soil had a long term effect on the
physical and chemical properties of the top peat layer. Ash content and bulk density of
the peat increased along with increasing application amounts, asdid soil total P, K, Ca,
Mg, Zn, Feand B. The changes caused by the mineral soil were mostly restricted to the
top 30 cm layer. The higher the soil fine fraction was, so was the increase in peat total
P, K, Ca and Mg amounts. The addition of mineral soil increased tree growth and
improved nutrient deficiencies (P, K) of Scots pine on one experiment, but decreased
the B concentrations near the deficiency level.
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Introduction trients, e.g. phosphorus and potassium. Especialy

potassium storesintheroot zone of treesarerela-

The peat substrate of drained peatlandsgenerally  tively low compared with the amounts bound in
containsonly small anounts of mineral plantnu-  the tree stands, and potassium deficiencies are
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common especially on thick-peated and nitrogen-
rich site types (Kaunisto & Paavilainen 1988,
Laiho & Laine 1994, Kaunisto & Moilanen 1998,
Westman & Laiho 2003). Also deficiencies of
phosphorus are common in Scots pine stands
growing on drained mires. PK-fertilisation of
potassium and phosphorus deficient stands has
increased the growth of stands on drained mires
(Kaunisto & Tukeva 1984, Kaunisto 1989,
Kaunisto 1992, Moilanen 1993, Moilanen et a.
2005, Pietildinen et al. 2005). Phosphorusfertili-
sation may improve the phosphorus status of tree
stands for 20-30 years (Moilanen 1993,
Silfverberg & Hartman 1999). The effect of po-
tassium fertilisation with potassium chloride
(KClI) has been shorter, 10-20 years (Kaunisto
1992, Kaunisto et al. 1999, Rautjarvi et al. 2004,
Pietiléinen et al. 2005).

The addition of mineral soil inthe cultivation
of peatland fields in Finland started during the
second half of the 18" century (Valmari 1983). It
was subsequently generally recommended
(Isotalo 1952), and its use was common in the
early 20" century (Pessi 1953, 1962, Valmari
1983). The application was especially intended
toimprove the nutrient status and thermal condi-
tions of peat (Vesikivi 1933, Pessi 1953, 19614,
1961b, 1962). In practice and in agricultural ex-
periments, 100-400m? ha? of mineral soil was
generally added (Anttinen 1957b, Pessi 1960,
196143, 1961b, 1961c). During the cultivation of
peatlands, mineral soil was mixed in the tilling
layer (020 cm). Mineral soil addition usually
increased hay and grain yields the more it was
used (Anttinen 1957a, 1957b, Pessi 1961b). This
positive effect was mainly attributed to the in-
creasein soil potassium amounts, the decreasein
peat acidity (pH), and improved thermal condi-
tions (Vesikivi 1933, Anttinen 1957a, 1957b,
Pessi 1953, 1956, 1962). In agriculture, the ef-
fect of mineral soil addition on the peat nutrient
amounts, and also on physical properties, was
noted to be long lasting (Anttinen 1957b, Pessi
1960, 19614, 1961b). Even when agricultural peat
soils are afforested, the changes caused by min-
eral soil application can be seen in the soil prop-
erties till for decades (Wall & Hytdnen 1996,

Hytdnen & Wall 1997). Besides increasing bulk
density and ash content, mineral soil addition has
considerably increased the soil potassium, mag-
nesium, manganese, iron and zinc amounts, and
to a smaller extent, also phosphorus (Wall &
Hytdnen 1996).

Based on experiences from agriculture, field
experiments on the use of mineral soil for the
amelioration of peatland forests were initiated
already inthe 1920sin Finland and Sweden. Some
preliminary results on the growth of trees were
published inthe 1950s and early 1960s (L ukkala
1951, 1955, Huikari 1961). According to the re-
sults, a5 cm deep layer of mineral soil from fer-
tile forest types, as well as clay, may consider-
ably increase the wood production potential of
peatlands drained for forestry. However, results
on the long term effects of mineral soil addition
on peat properties are still lacking.

In the afforestation of cut-away peatlands,
mineral soil from the ditch spoil has been shown
to be important for the short term nutrition of
Scots pine trees, and has removed the need for
fertilisation if it isfine textured (Kaunisto 1987,
Aro et a. 1997). The mineral content of peat
substrate may have importance also for the suc-
cess of peatland forest regeneration. The amount
of clear cuttings, and consequently regeneration
areas in peatland forests is expected to increase
considerably in the near future. Concern of the
sufficiency of mineral nutrients for the next tree
generation, especially on originally wet and thick-
peated sites, hasbeen raised (e.g. Saarinen 2005).
If mineral soil addition has such long standing
effects on peatland nutrition as has been shown
to be the case in agricultural fields, its applica-
tion could be feasible in conjunction with forest
regeneration.

Theaim of thisinvestigation wasto study the
long term effects of mineral soil addition on the
nutrient amounts of peat on mires drained for
forestry. The movement of the nutrientsand added
material downwards to deeper layers in the soil
profile were also studied. Moreover, the wood
production and nutrient status of Scots pine after
mineral soil application were investigated.



Material and methods

Experiments

Thesix field experiments used in this study were
established in 1920s, 1930sand in 1950son origi-
nally sparsely stocked sapling standsor even tree-
lesspeatland areas(Fig. 1, Table 1). Thesitetypes
were classified as relatively unproductive (tro-
phy classesombro —oligotrophic) and represented
the fertility levels from Sphagnum fuscum pine
bog (RaR) to low-sedge Sphagnum papillosum
fen (LkKaN) (site classification according to
Laine and Vasander 1996). The sites had been
drained 1-17 years before the establishment of
the experiments. The average peat thicknessvar-
ied from 60 to over 200 cm. The dominant tree
species in all stands was Scots pine (Pinus
sylvestris L.) with a mixture of pubescent birch
(Betula pubescens Ehrh.).

Themineral soil usedintheexperimentsorigi-
nated mostly from upland forests near each of
theexperimental sites. Themineral soil treatments
had only onereplication per experiment, and usu-
ally no control plots were established. The con-
trol (untreated) plots were chosen as close to the
experimental sites as possible from the same
peatland site type.

The Vilppula experimental stand in
Jaakkoinsuo was established in spring 1926 on a
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Fig. 1. Location of the experimentsin southern and central
Finland.

Kuva 1. Koemetsikdiden sijainti Etelé- ja Keski-Suomes-
sa.

clear cutting area (Table 1). The mineral soil was
taken from nearby Calluna type upland forest,
and spread on three experimental plots(size 1800
m?) aiming at three application amounts (2.5, 5.0
and 7.5 cm layers) (Lukkala 1951, 1955). In
spring 1927, the treel ess plotswere afforested by
sowing pine (PinussylvestrisL.) seeds (1 kg ha).

Table 1. The experimental site's site types, mean peat depth, date of ditching, date of mineral soil addition at the time of
the establishment of the experiments and date of soil sampling 70-50 years later.

Taulukko 1. Tutkimuksessa kaytettyjen koemetsikdiden kasvupaikkatunnukset, perustamistiedot ja maanaytteiden

ottoajankohdat.

Experiment Sitetype? Peat depth Years of Year of Date of soil
(m) ditching mineral soil sampling ?

addition

Vilppula IR 3.0 1909 1926 a2000

Tuusula RaR 0.7 1926 1930 a2000

Sippola RaR >2.0 1947 1950 s2002

Tohmajarvi | LkKaN 4.6 1927-28, -38 1930 22000

Tohmajarvi Il LkKaN 49 1928-29, -38 1938 22000

Muhos LkN 0.6 1933 1934 a2000

VSite types (Laine & Vasander 1996): IR = dwarf-shrub pine bog, RaR = Sphagnum fuscum pine bog, LkKaN = low-
sedge Sphagnum papillosumfen, LkN = low-sedge bog. ?a = autumn, s = spring. ¥ Suotyypit (Laine & Vasander 1996).

9a = syksy, s= kevat.
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Accordingto Silfverberg (1984) thetotal increase
in the stand volume growth on the plots that re-
ceived mineral soil varied between 135-155 m?
ha (2.7-3.1 m*hat a?) inthefollowing 50 years.

The Tuusula experimental stand in
Ruotsinkyl&, established in 1930, consisted of
only one experimental plot with the application
of mineral soil aiming at a5 cm layer on 400 m?
(20x20 m) plot (Table 1). The Sippolaexperiment
in Kaihlassuo was established in spring 1950
(Table 1). The application of mineral soil was
doneaiming at O (contral), 2.5, 5and 7.5 cm lay-
erson 100 m? plots.

The Tohmajarvi experimental areas were
originally treeless oligotrophic fen with Sphag-
num fuscum hummocks. In 1930 (or 1931) min-
eral soil was added in four plots (size 400 m?),
aiming at 2.5cm, 5cm, 7.5 cm and 10 cm layers
at the experiment of Tohmajarvi |. The experi-
ment was afforested in spring 1931 with pine
sowing. Thetotal yield of the stand — including
thinning removalsin 1963 and 1989 —in51 years
on the plots that received mineral soil varied be-
tween 157-266 m® ha? (3.5-5.2 m® ha'a?) ac-
cording to Tiainen (1990). In late autumn 1938
(or 1939), different textured mineral soils (clay,
sand, gravel) were applied with the application
rate of 5 cm layer on plots sized 400 m? at the
experiment of Tohmajérvi Il (Lukkala1955). This
experiment was sown with Scots pine in spring
1939. According Tiainen (1990) thetotal increase
in the stand growth — including thinning remov-
als — varied between 138-350 m?® ha* (2.3-5.8
m?é hata?) in the following 60 years (Tiainen
1990).

The Muhos experimental stand at L eppiniemi
was established in 1934. Two application amounts
of mineral soil from Calluna type mineral soil
forest weretested in two plots (plot size 500 m?):
5and 10 cm layers. Thetreelessfen was covered
with pineand birch seedlings naturally in thefirst
years after the mineral soil application in the
1930's. The tree stand was thinned in 1964 and
1988.

Soil and foliar sampling, analysis and stand
measurements

The soil samples were taken from several peat
layers (all experiments. 0—10, 10-20, 20-30, 30—

40 cm, and in Tohmajérvi and Vilppula, also the
40-50 cm layer) with a soil corer (either 5.5 cm
x 4.4 cmor 5.8 cm x 4.4 cm) in 20002002 (Ta-
ble 1). At the date of the sampling, 52—74 years
had elapsed since the mineral soil addition, de-
pending on the experiment. One composite sam-
ple per plot and per each soil depth consisted of
9 (Vilppula, Sippola, Tohmajarvi | and I1) or 12
(Muhos, Ruotsinkyld) subsamples, which were
distributed uniformly over the plot, excluding a
5-meter-wideedgearea. Theliving vegetation and
undecomposed plant material of the peat cores
were discarded from the analyses. The samples
were frozen, and prior to analysis, defrosted and
ground (2 mm), air-dried and stored at room tem-
perature.

Soil pH was measured in distilled-deionised
water from dried soil samples using a 1:2.5 soil
solution suspension. After removing organic
matter from the samples with H,0O,, the particle-
size distribution was determined by adry-sieving
and sedimentation method (Elonen 1971), and the
soil texture was named according to the d50
method (Korhonen et al. 1974). Thetotal N con-
centrations of the soil samples were determined
by the Kjeldahl method. The soil samples were
analysed for their total (HCI extraction of igni-
tionresidue; P, K, Ca, Mg, Zn, Fe) and acid am-
monium acetate (pH 4.65) extractable (P, K, Ca,
Mg) nutrient concentrations (Halonen et a. 1983).
Boron was determined from H,PO,-H,SO,-ex-
traction. The bulk density of the soil sampleswas
calculated as the ratio of dry mass (dried at 105
°C) to the volume of the fresh sample. The con-
centration of organic matter was estimated asloss-
on-ignition at 550 °C for 8 h. The amounts of
nutrients at different soil depths were calculated
on the basis of oven-dry (105 °C) weight of the
fresh soil samples using bulk densities and ex-
pressed on an area basis for the sampling depth.

Needle samples were taken from Vilppula 77
years and from Muhos 66 years from the appli-
cation of mineral soil. One sample consisted of
current needles collected during dormant period
from the upper whorls of 5 to 8 dominant pine
trees per plot. Needle samples were also taken
from nearby untreated stands. The nitrogen con-
centrations were determined using the Kjeldahl
method. After dry combustion and dissolving in
hydrochloric acid, K concentrations were deter-



mined using an atomic absorption spectrophotom-
eter (AAS-method, Hitachi 100-40). The concen-
trations of B were determined using the
azomethine-H method, and those of P using the
vanado-molybdate method as outlined by
Halonen et al. (1983).

Usually the sample plotstreated with mineral
soil were rather small (mostly 100-400 m?) and
in most experiments did not have unfertilized
buffer areas between the plots. Thus, study on
the effects of mineral soil on the growth of trees
was considered feasible only in the Muhos ex-
periment, where the information on cutting re-
movals and the tree growth on the control plot
was adequate.

The stand measurements were carried out at
Muhos in 1994, when 60 years had elapsed since
theapplication of mineral soil. Inthe measurement,
all trees (50-68 per plot) were counted by species
and breast-height (1.3 m) diameter classes (cm,
minimum diameter class 5 cm). At each plot, the
heights (dm) and diameters at breast height (d1.3,
mm) were measured from 19-23 randomly chosen
pines. The height increments of the sample trees
were focused on ten-year periods retrospectively
to the 1960s. 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 calculated using the taper curve and volume
functions for Scots pine (Laasasenaho 1982).
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Data analysis

The amount of added mineral soil in each peat
layer was calculated by subtracting the mineral
soil mass of the untreated control plots from the
mineral soil massof thetreated plots. At Tuusula,
the soil samples from deepest layer, 3040 cm,
were not used in the analyses because they con-
tained mineral soil from the subsoil at the bot-
tom of the mire (ash content 20.6% on the con-
trol plot). Themass of mineral soil was converted
into volume by using thevalue 1.1 kg dm® asthe
bulk density of mineral soil (Ervid 1970).

The added amounts of mineral soil expressed
in the original research plans deviated consider-
ably from those actually spread on the plots (Te-
ble 2). At Vilppula, the real application amounts
were only 25-39% of those originally intended.
At Tohmajérvi |, the calculated amounts were
190-260% of the amounts aimed at according to
theresearch plan. At Tohmajarvi |1, variation be-
tween the smallest and highest measured spread-
ing amount was 29%. At Muhos, the plot with
the smallest planned dose appeared to have re-
ceived five-fold theintended amount, which was
double the amount of the highest dose — both
were higher than the application amount ex-
pressed in theresearch plan. Sincethe calculated
mineral application amounts deviated consider-
ably fromthose expressed in the original research
plans, the calculated amounts were used in the
analysis of the data.

Table 2. Calculated mineral soil addition compared with the planned addition rate (m®ha?) of the experimental sites.
Taulukko 2. Maa-analyysien perusteella arvioidut kivennaismaalisaykset (m* ha™) eri kokeilla.

Study site Planned mineral soil addition, m*ha*
250 500 750 1000 500 500 500
silt silt silt silt finesand coarse sand
Calculated mineral soil addition, m®ha*
Vilppula 100 130 290 - - -
Tuusula - 400 - - - -
Sippola 350 520 1070 - - - -
Tohmajarvi | 650 1210 1460 2600 - - -
Tohmajarvi Il - - - - 640 740 570
Muhos 2530 - 1100 - - -
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Also the added minera soil texture differed
considerably from that stated in the original re-
search plan. Theamount of finefraction (<63 um)
inthe 0-20 cm peat layer was highest at Vilppula
(47%), Muhos (41%) and Tohmajarvi | (40%) and
much lower at Tuusula (22%) and at Sippola(6%)
(Table 3). At Tohmagjarvi |1, where different tex-
tured soil was used, the silt had finefraction share
of 79%, fine sand 28%, and coarse sand 34%. At
the Tohmajarvi |l experiment, the application
amountswere closeto each other, and it was pos-
sible to compare the effect of different textured
soil on soil properties and nutrient amounts.

Correlation and regression analysiswere used
in determining the effects of mineral soil addi-
tion on peat bulk density (BD), soil ash content
and pH, and conductivity and peat nutrient
amountsin different layersin the combined data.
Inthe Tohmajarvi |1 experiment, the effect of dif-
ferent mineral soil textures was compared sepa-
rately.

Results

Effect of mineral soil on peat physical prop-
ertiesand acidity

Onthe control plots, the bulk density inthe 0-20
cm peat layer was 87-142 g dm=, and ash con-
tent varied between 2 and 6%, except at Sippola,
where it was 9-15%. After 52—74 years from the
application on top of the peat, the mineral soil
increased the bulk density and ash content of the

uppermost peat layers (Fig. 2, Tables 4 and 5).
The added mineral soil increased soil bulk den-
sity most (47 g dm3/100 m® ha* added mineral
soil) in the 10-20 cm layer and least (3 g dm=/
100 m? ha'! added mineral soil) in the 3040 cm
peat layer. Correspondingly, 100 m® ha of added
mineral soil increased peat ash content in the 0—
20 cm layer by 34 percentage points and in the
2040 cm layer by 0.4 percentage points. The
mineral soil addition rate correlated significantly
with the bulk density and ash content even down
to 30—40 cm depth. Mineral soil addition de-
creased soil conductivity in the 020 cm peat
layer, but not significantly in deeper peat layers
(Tables 4 and 5).

The soil pH in the topmost peat layer (0-20
cm) on the plots that received mineral soil was
higher than in the neighbouring control plots.
However, mineral soil addition increased soil pH
significantly only inthe 10-20 cm layer, by 0.03
pH units with every 100 m® hat of minera soil
added (Table 5). The higher the application
amount was, the deeper in the peat profile the
change in pH was detectable. Soil pH correlated
dlightly better with soil ash content than with
mineral soil addition rate (Table 4).

Effect of mineral soil on peat nutrient
amounts

The addition of mineral soil increased the
amounts of all measured total nutrients, except
that of nitrogen. Nitrogen amount in the control
plots in the 0-20 cm layer varied from 2740 kg

Table 3. Themean particle size distribution of mineral soil admixturein the 0-20 cm peat layer in the experimental sites.
Taulukko 3. Kivennaismaal ajitejakauma pintatur peessa (0-20 cm syvyydell8) eri koealueilla.

Particle size Fraction %

fraction Vilppula  Tuusula  Sippola Tohmajérvi | Muhos Tohmajarvi 1l

(im) Silt Finesand  Coarse sand
<2 7.2 7.8 14 4.1 8.0 245 38 5.2

2-20 9.2 4.6 12 8.2 20.4 41.3 5.8 10.6

20-63 30.8 9.2 31 27.2 13.0 13.6 185 17.9
63-200 31.0 19.9 19.7 50.9 10.6 11.0 51.7 20.7
200-630 18.3 54.2 41.2 9.3 44.0 7.6 19.0 25.0
630-2000 35 4.3 334 0.3 4.0 2.0 12 20.6
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Fig. 2. Effect of mineral soil addition on peat bulk density and ash content in different peat layersin the combined data.

Regression equations are presented in Table 5.

Kuva 2. Kivennaismaan lisdyksen vaikutus(Addition , m*ha turpeen tilavuuspainoon (Bulk density g I%) ja tuhkapitoi-
suuteen (Ash %) eri maakerroksissa, koko aineisto. Regressioyhtal 6t on esitetty taulukossa 5.

ha? at Sippola to 5340 kg ha at Muhos. The
addition of mineral soil decreased the amount of
total nitrogen in the top 20 cm layer of the peat
(Tables 4 and 5). However, it did not have any
effect on soil nitrogen amountsin the deeper lay-
ers.

Total phosphorus and potassium amounts in
the control plotsinthe 0-20 cm layer varied from
114 (Sippola) to 241 kg ha* (Muhos) and potas-
sium amounts from 80 (Vilppula) to 134 kg ha
(Sippolad). The addition of mineral soil increased
the soil total phosphorus and potassium amounts

Table4. Correlations between mineral soil addition rate, bulk density (BD), soil ash content and pH, conductivity and peat
nutrient amountsin different soil layersin the combined data. n= 21, exceptinlayer 30-40n=19, * =p<0.05,** =p
<0.01, *** = p<0.001.
Taulukko 4. Kivennaismaalisayksen (Addition), maan tilavuuspainon (BD), tuhkapitoisuuden (Ash), happamuuden (pH),
sahkonjohtokyvyn (conductivity) ja eri ravinteiden pitoisuuksien-keskinaiset korrelaatiot maakerroksittain koko aineis-

tossa.
0-10 cm 10-20 cm 20-30 cm 3040 cm

Addition BD Ash Addition BD Ash Addition BD Ash Addition BD Ash
Addition 1 0.77x**  0.68** 1 0.93***  0.76*** 1 0.79*** 0.66** 1 0.46* 0.54*
BD 0.77*** 1 0.83***  0.93*** 1 0.84***  0.79*** 1 0.59**  0.46* 1 0.75%**
Ash, % 0.68** 0.83*** 1 0.76*** 0.84*** 1 0.66** 0.59** 1 0.54* 0.75%** 1
pH 0.46* 0.28 0.54* 0.51* 0.66** 0.69** 0.17 0.17 0.38 -0.17 -0.05 0.30
conductivity —0.76*** -0.88*** -0.77*** -0.62** -0.80*** -0.65** -0.02 -0.31 -0.26 0.37 -0.22 -0.16
N tot -0.53* -0.27 -0.47* -0.62** -0.66** -0.71*** -0.33 -0.07 -022 021 0.91***  0.67**
Ptot 0.73***  0.90***  0.75***  0.90*** 0.88*** 0.63** 0.52% 0.81*** 0.49* 0.38 0.88***  0.87***
Paac -0.46* —-0.49* -0.68** -0.44* -0.42 -0.66** -014 -012 -043 0.28 -0.07 -0.29
K tot 0.53* 0.74%**  0.67** 0.90*** 0.84***  0.68** 0.81*** 0.99*** 0.58* 0.67** 0.86***  0.86***
K aac 0.06 -0.29 0.05 0.50* 0.38 0.29 0.84*** 0,72*** 0.51* 0.94***  0.53* 0.53*
Catot 0.62** 0.70***  0.65** 0.82%** 0.79***  0.59** 0.73**  0.96*** 0.49* -0.02 0.26 0.03
Caaac -0.37 -0.32 -0.31 -0.28 -0.38 -0.26 0.005 -021 -0.02 0.24 -0.24 0.15
Mg tot 0.49* 0.74***  0.64** 0.92¥** 0.85%**  0.67** 0.84*** 0.97*** 0.69*** 0.78*** 0.63** 0.50*
Mg aac -0.13 -0.59 0.08 -0.05 -0.25 -0.11 0.14 -0.20 -0.22 0.55* 0.002 -0.19
Zn tot 0.63** 0.85***  0.67** 0.88*** 0.87***  0.80***  0.79*** 0.91*** 0.72*** 0.26 0.17 0.52*
Fetot 0.49* 0.76***  0.83** 0.93*** 0.90***  0.79***  0.84*** 0.97*** 0.72*** 0.63**  0.69* 0.42
B tot 0.61** 0.89***  0.78***  0.75** 0.82***  0.74***  0.67** 0.88*** 0.28 0.56* 0.61** 0.32
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Fig 3. Effect of mineral soil addition on peat P, K, Ca® and Mg amountsin different peat layersin the combined data.

Regression equations are presented in Table 5.

Kuva 3. Kivennéismaan lisdyksen vaikutus turpeen fosfori- (P), kalium- (K'), kalsium- (Ca'®) ja magnesiumin (Mg"®)
madriin eri maakerroksissa, koko aineistossa. Regressioyhtal 6t taulukossa 5.

considerably (Table 5 and Fig. 3). The effect of
mineral soil addition was significant in the case
of phosphorus up to the 20-30 cm layer, and for
potassium even deeper, in the 3040 cm layer. In
the top layer (0—10 cm, 10-20 cm), 100 m® ha
of mineral soil increased the soil total phospho-
rus and potassium amounts by 13-18 kg har* and
81-123 kg ha?, respectively. For potassium, the
increase was much smaller (3 kg hat per 100 m®
ha of minera soil) in the deepest, 3040 cm
layer, but still significant. In contrast to total phos-
phorus, the mineral soil addition slightly de-
creased (by 0.2-0.3 kg ha* per 100 m® ha min-
eral soil) the extractable phosphorus amount in
the 0—20 cm pest layer. However, it increased soil
extractable potassium amountsin all but the top,
0-10 cm layer (Table 5). Total potassium and
phosphorus amounts correl ated best with mineral
soil addition rate in the 10-20 cm layer, but in
deeper layers, the highest correl ation coefficients
were found with peat bulk density (Table 4).
The addition of mineral soil increased the soil
total calcium and magnesium amounts many-fold

compared to amounts in the control plots. For
magnesium the increase was significant in all
studied peat layers (Table 5 and Fig. 3), and for
calciumin all except the deepest layer. Each 100
m? hat addition of mineral soil increased the soil
total calcium and magnesium amountsin the 0—
10 and 1020 cm layers by 83-104 kg ha and
147-187 kg ha'?, respectively. However, themin-
eral soil addition did not increase pest extractable
calcium and magnesium amounts.

The addition of mineral soil increased the to-
tal iron and boron amountsin all studied peat |ay-
ers(Table5and Fig. 4). Inthe control areas, zinc
amountsin the 0—20 cm layer varied between 2.5—
10 kg ha. For zinc, the increases were signifi-
cant up to the 20—30 cm peat layer, and for boron
andiron, up to the 3040 cm peat layer (Table5).

Effect of mineral soil texture on soil charac-
teristics

At Tohmajarvi experiment 11, different textured
soilswere used: 640 m® ha layer of silt, 740 m®
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Fig 4. Effect of mineral soil addition on peat Zn', F&° and B amounts in different peat layers in the combined data.

Regression equations are presented in Table 5.

Kuva 4. Kivennaismaan lisdyksen vaikutus turpeen sinkki- (Zn®), rauta- (Fe) ja boori- (B) maariin eri maakerroksis-

sa, koko aineisto. Regressioyhtal 6t taulukossa 5.

hat of fine sand, and 570 m® ha* of coarse sand.
Theadded soilsdifferedintheir share of finefrac-
tion so that coarse sand had ahigher finefraction
than fine sand (silt: 80%, fine sand 28%, coarse
sand 34%). The mineral soils used had a rather
similar effect on the soil bulk density, ash con-
tent and pH. The use of fine sand resulted in the
highest bulk density, owing to the highest addi-
tion amount.

Mineral soil addition increased the soil total
phosphorus, potassium, calcium, magnesium,
zinc and iron amounts many-fold compared to
the control plots (Figures 5 and 6). Even though
the added amount of fine sand was greater than
that of other textured soil, it resulted in lower to-
tal nutrient amounts. Silt and coarse sand, hav-
ing the highest share of fine fraction, increased
the total potassium, phosphorus and magnesium
amountsthe most. Silt increased thetotal calcium
amount many-fold compared to fine sand and

coarse sand. Coarse sand increased calcium
amount only slightly compared with the control
plot. All soils decreased acid anmonium acetate
extractable phosphorusand cal cium amounts, but
considerably increased those of potassium and
magnesium (Fig. 5).

Effect of mineral soil on nutrient status and
growth of Scots pine

At Muhos, Scots pines growing on control plots
had severe phosphorus and potassium shortage
(Table 6, Paarlahti et a. 1971, Reinikainen et al.
1998). Mineral soil addition increased the foliar
phosphorusand potassium concentrations of Scots
pine considerably at Muhos 66 years after appli-
cation (Table 6). However, it had, on the other
hand, decreased the concentrations of magnesium,
zinc and boron. On the mineral soil treated plots,
boron concentrations (6.2 — 6.8 mg kg™) were at
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Kuva 5. Kivennéismaan maal ajin vai kutus kokonais- ja ammoniumasetaattili ukoisen fosforin (P, PA4€), kaliumin (K, K#4°),
kalsiumin (Ca,Ca*) ja magnesiumin (Mg,Mg*€) kokonais- ja maariin eri maakerroksissa Tohmajarvi |1 -kokeessa.
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Kuva 6. Kivennéaismaan maalajin vaikutus sinkin (Zn'), raudan- (F€°) ja boorin- (B*) maariin eri maakerroksissa.
Tohmajarvi I1.

Table 5. Dependence of bulk density (BD, g dm), ash content (%), pH-value, conductivity (iS cm™) and total and
extractable (AAc) nutrient amounts (kg ha) (y) on the mineral soil addition rate (explaining variable x, 100 m® ha?) in
different soil layers (0~10 cm, 10-20 cm, 20-30 cm, 30-40 cm). r2 = coefficient of determination. Two outlier valuesfor
Feand Mg in 0-10 cm layer are omitted from the analysis. * = p < 0.05, ** = p < 0.01, *** = p < 0.001.

Taulukko 5. Maan tilavuuspainon (BD, g dnr®), tuhkapitoisuuden (Ash, %), pH-arvon, sahkonjohtokyvyn (conductivity,
1Scn?) seké kokonais (tot)- ja liukoisten (aac) ravinteiden maaran (y) riippuvuus kivennéi smaa-annostuksesta (selittéava
muuttuja x, 100 m® ha™) eri maakerroksissa (0-10 cm, 10-20 cm, 20-30 cm, 3040 cm), koko aineistossa. Yhtal6iden
selitysaste (R?) ja niiden tilastollinen merkitsevyys: * = p< 0.05, ** = p< 0.01, *** = p < 0.001.

0-10 cm 10-20 cm 20-30 cm 3040 cm
y equation r2(%) egquation r2(%) equation r2(%) equation r2 (%)
BD 32.60x+220.13 59.5%**  47.10x+87.23 87.3***  20.32x+48.58 60.0*** 2.87x+94.66 21.0*
Ash 3.11x+42.53 45.8**  3.94x+19.45 58.0** 1.73x+0.30 44 0.38x+2.74 29.5*
pH 0.2x+3.94 211 0.03x+3.74 26.5* 0.01x+3.80 2.9 —0.01x+3.98 0.3
Conduct. —6.58x+243.10 55.8%** —6.00x+223.20 37.8*  -0.18x+177.77 0 2.84x+137.81 13.7
N tot —25.67x+1351.84 28.4* —64.50x+1886.04 38.8** —41.51x+2023.62 10.7 21.78x+24.37 4.5
P tot 12.64x+100.19 52.5%**  18.22x+42.31 81.0*** 5.10x+52.79 27.3* 2.29x+41.56 145
Paac -0.31x+7.51 21.2* —0.18x+5.10 18.9* —0.03x+2.83 1.8 0.04x+1.57 7.5
K tot 81.69x+512.58 28.4* 123.31x-98.58 80.6*** 24.68x—64.96 65.7**  2.65x+2.23 44,3+
K aac —0.13x+47.00 0.4 0.78x+13.66 25.0% 0.72x+4.43 70.5%**  0.44x+2.10 87.5%**
Catot  83.3x+619.63 39.0v*  103.97x+185.65 67.1*** 46.74x+162.59  52.5*** -0.50x+309.35 O
Caaac —-3.88x+125.75 9.5 —2.78x+122.85 8 0.06x+125.93 0 3.16x+95.59 0.6
Mgtot 147.29x+274.20 80.4*** 187.00x-194.71  84.8*** 70.74x—202.85 71.3***  4.89x+27.38 60.4***
Mgaac -0.53x+39.05 1.6 —0.33x+50.58 0.3 0.53x+45.84 2 1.27x+31.97 26.4*
Zntot  0.74x+7.31 39.7%*  1.04x+1.44 87.6*** 0.39x-0.03 62.5%**  0.03x+0.60 6.6

Fetot  456.32x+1567.03 63.2*** 537.02x+48.46 85.7*** 214.02x-534.05  71.0*** 12.28x+124.70 36.1**
B tot 0.04x+0.75 36.9*  0.08x+0.57 55.7%** 0.06x+0.35 45.1**  0.03x+0.35 30.8*
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the deficiency limit. At Vilppula, 77 years after
the application of much smaller amounts of min-
eral soil, no clear differences on pinefoliar nutri-
ent concentrations compared with control plot
were noted. However, similarly to Muhos, also
at Vilppula, increasing in foliar potassium con-
centrations could be seen.

At Muhos during the 57 years after the appli-
cation, the total increases in the stem volume of
the stand were 180 m® ha (3.2 m® ha! at) and
223 m3hat (3.9 m® ha' a?) (5and 10 cm layers,
respectively). The increase of absolute annual
growth dueto mineral soil application was moni-
tored in 1965-1994, when 31-60 years had
elapsed since the treatments. During the moni-
toring period, the growth of stem volume was
considerably greater onthe plotsthat had received
mineral soil than on the untreated control plot
(Fig. 7 and Table 7). The stand response to the
mineral soil application became stronger with
time: after 60 years, the growth of minera soil
ameliorated treeswas nearly three-fold that of the
untreated trees (difference to control 56 m*ha?
ah.

Discussion

In the experiments established in the 1920s and
1930s, the treatments were not replicated, and
thus the statistical significance of the effects of
the addition of mineral soil in each of the experi-
ments could not be statistically tested. The appli-
cation amounts deviated quite much from those
expressed in the original experimental designs.
This could be due to difficulties in measuring or
spreading the mineral soil during winter using
horse driven carriages. Sincethe variationin the
actual application amounts was quite large, cor-
relation and regression analyseswas used to study
the effect of mineral soil on peat characteristics.
Due to the small size of the plots, the roots of
tree stand probably had penetrated neighbouring
plots, thus making the stand measurementsinap-
plicable, apart from one experiment (Muhos).
Also, some of the stands had been thinned sev-
eral times during the experiments, and all har-
vest removals are not known. So it was not pos-
sible to study the effect of mineral soil addition
on wood production in a more exact manner.

Table 6. The results of foliar analyses from Vilppula experiment 77 years and from Muhos experiment 66 years after

mineral soil application.

Taulukko 6. Mannyn neulasten ravinnepitoi suudet Vil ppulan ja Muhoksen kokeilla 77 ja 66 vuotta kivennai smaan li sayk-

sen jalkeen.
Mineral soil application rate, m® ha*

Muhos 66 a Vilppula 77 a
Nutrient 0 1100 2530 0 100 130 290
N, % 1.34 1.38 1.26 1.05 1.10 111 1.04
Pmgg? 1.17 1.46 1.48 1.15 1.20 121 1.07
K,mgg* 3.43 4.55 474 3.70 3.69 4.03 3.93
Ca,mgg 1.99 2.27 1.86 2.27 2.08 2.34 2.20
Mg, mgg* 1.41 131 1.05 1.25 143 1.31 1.00
Fe, mg kg™ 41 32 - - - -
Mn, mg kg™ 269 238 200 - - - -
Zn, mgkg™ 43 41 35 - - -
Cu, mg kg? 24 2.6 2.2 - - - -
B, mg kg? 18.5 6.4 6.5 19.3 17.6 17.6 17.7




However, despite serious deficitsin design, these
long lasting field experiments give interesting
results on the addition of mineral soil on the nu-
trition of peatland forest.

Addition of mineral soil changed the physi-
cal characteristics of the peat soils completely.
Increases in ash content and bulk density were
considerable. The soil bulk density and ash con-
tent on the plots with mineral soil application
were considerably greater than on drained
peatlands (Kaunisto & Paavilainen 1988, Laiho
& Laine 1994, Westman & Laiho 2003). In some
cases, the ash content in the top soil was closeto
that of mineral soil. This corresponds well with
results from afforested arable peat soils (Wall &
Hytdnen 1996).

The amounts of many elements in the peat
were noted to increase along with increased ap-
plication amounts. Even moderate application
rates of mineral soil led to considerableincreases
in soil total phosphorus, potassium, calcium,
magnesium, iron and zinc amounts. Similarly
Wall & Hyténen (1996) reported that mineral soil
increased the potassium, magnesi um, manganese,
iron and zinc amounts considerably, and to alesser
extent, those of phosphorus on former arable peat
fields. Also in accordance with results from Wall
and Hytonen (1996), the addition of mineral soil
affected the amounts of extractable nutrients in
the soil only slightly. Mineral soil increased soil
extractable potassium amounts slightly, asin the
study of Wall & Hyténen (1996). In agricultural
experiments, the addition of mineral soil has not
increased extractabl e potassium amount in the soil
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(Anttinen 19573, 1957b). Also, in agreement with
the study of Wall and Hyténen (1996), mineral
soil addition decreased extractable phosphorus
amounts slightly in the top peat layer. In agricul-
tural peat fields, the addition of mineral soil has
not increased (Anttinen 1957a) or has increased
only slightly (Anttinen 1957b) the extractable
phosphorus amount in the peat. Contrary to ear-
lier studies on afforested peat fields (Wall &
Hytdnen 1996), mineral soil addition increased
also soil boron amounts slightly.

Besidesthe amount applied, theorigina qual-
ity and texture of the mineral soil can affect the
results (e.g. Wall & Hytdnen 1996, Aro et al.
1997). At Tohmajarvi |1, the application amounts
of different textured soil varied from 570-740 m?
ha, so that the soil which had lowest fine frac-
tion was spread 740 m?® ha™. The results showed
clearly that fine textured soil increased the
amounts of total phosphorus, potassium, calcium
and magnesium in the soil the most. In agricul-
ture, clay hasincreased agricultural yields more
than fine sand or gravelly till (Takala 1961) or
sand (Pessi 1961b, 1961c). In al of the present
data, excluding Sippola, the fine fraction was
higher than 15-20%, which was recommended
by Aroet a. (1997) assuitable for supplying min-
era nutrientsfor cutaway peatlands from subsoil.

During the 70 years after the application, the
mineral soil had not penetrated to great extent
into deeper soil layers, aswas noted also in stud-
ies made of afforested peat fields (Wall &
Hytdnen 1996, Kaunisto 1991). However, min-
eral soil addition increased the soil ash content

Table 7. Stand characteristics at Muhosin 1994. Treatments: Control = no mineral soil application, Minl = mineral soil

2530 m® ha, Min2 = mineral soil 1100 m*ha™, see Fig. 7.

Taulukko 7. Puustotunnukset Muhoksen kokeella vuonna 1994. Kasittelyt: Kontrolli = ei kivennaismaalisdysta, Minl=
kivennasimaata 2530 m*ha*, Min2 = kivenndismaata 1100 nfha™, ks. kuva 7.

Treatment
Stand characteristic Control Minl Min2
Stems/ha 1169 1100 1276
Diameter (D,3), cm 14.6 17.7 17.3
Dominant height, m 13.9 17.3 17.1
Growing stock, méha* 102 149 187
Saw logs, % of stem volume 13 38 35
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Fig. 7. Volume growth of pine
stand at Muhos in 1965-1994.
Control = no mineral soil appli-
cation, Minl=minera soil 2530
m? ha, Min2 = mineral soil
1100 m?® ha™.

Kuva 7. Mannyn runkopuuston
tuotos Muhoksen kokeella vuo-
sina1965-1994. Control = ver-

in the 30-40 cm layer by 0.4% of every 100 m®
hat of mineral soil added. Similarly, the soil to-
tal and extractable potassium contentsincreased
aso in the deeper layers. Significant increases,
in all studied peat layers, were noted aso in the
soil total magnesium, iron and boron amounts.

For the nutrition of trees growing on
peatlands, high increases in soil total phospho-
rusand especially in potassium amountsare prob-
ably the most important nutritional effects of
mineral soil application. Inagriculture, especialy
the effect of mineral soil addition on the soil po-
tassium nutrition has been long standing, and the
need for potassium fertilisation in agriculturewas
either clearly reduced (Isotalo 1952, Anttinen
1957a, 1957b, Pessi 1960, 1961b, 1961c) or even
replaced by mineral soil addition (Anttinen 19573,
1957b). In this study, addition of mineral soil on
top of the peat hasincreased total phosphorusand
potassium amounts many-fold for 5070 years,
anditisquite probablethat the effect will bevery
long lasting.

Lukkala (1955) suggested that an approxi-
mately 5 cmthick mineral soil layer (500 m® ha?)
from rich mineral soil forest could considerably
raise the production capability of peatland for-
est. The present resultsfrom old experiments sup-
port these views. However, according to
Silfverberg (1984), at Vilppula, mineral soil ad-
dition has increased stand growth only slightly.

tailu, Min 1 = kivennaismaali-
sdys 2530 m* ha*, Min2 = kiven-
naismaalisdys 1100 e ha™.

This was probably due to small spreading
amounts (100290 m® ha't; 25-39% of those in-
tended), which werethelowest of all experiments
studied here. At Vilppula, mineral soil addition
increasing the soil total potassium amount in the
40 cm layer by only 140-220 kg ha* had no ef-
fect on Scotspinefoliar potassium concentration.
At Muhos, the corresponding increase in potas-
sium storeswas much higher (4470-7390 kg ha)
and thiswasreflected clearly bothin stand growth
and inthefoliar potassium concentrations. Simi-
larly, fine textured mineral soil from subsoil has
increased Scots pinefoliar potassium concentra-
tionson cutaway peatland (Aro 1996). At Muhos,
alsothefoliar phosphorus status and stand growth
improved at least for 60—70 years. Thus, it isevi-
dent that the effect of mineral soil on the stand
nutrition on drained mires is longer-lasting than
that of commercial fertilisers or wood ash
(Kaunisto 1992, Silfverberg & Hartman 1999,
Kaunisto et a. 1999, Moilanen et al. 2005).
Despiteincreased boron amounts, mineral soil
addition seemed to decrease foliar boron concen-
trations. The boron uptake of plantsis affected by
parameters such as soil pH, and the amounts of
calcium and magnesium. Thus, increases in soil
calcium amounts could have negatively affected
theboron uptake of trees (Lehto & Ma&lkdnen 1994).
Decrease of foliar boron concentrations could also
be dueto dilution effect (see Paarlahti et al. 1971).



Mineral soil addition could ameliorate peat
soil especialy in nitrogen rich peatlands, which
in their original state have been treeless or very
wet. On such peatlands especially potassium de-
ficiencies have been common (Kaunisto &
Tukeva 1984, Moilanen 1993, Rautjarvi et al.
2004). Application of mineral soil as soil
ameliorant is, however, probably not economi-
cally feasible even when considering the very long
effect of the operation. However, in some cases
in peatland forestry, minera soil can be mixed
with the peat. When afforesting cut-away
peatlands, trees can be supplied with mineral
nutrients by lifting subsoil from ditch spail, to
such an extent that fertilisation is unnecessary
(Kaunisto 1987, Aro et al. 1997, Aro & Kaunisto
2003). In the future, forest regeneration in old
drainage areas is increasing considerably
(Saarinen 2005). The choice of the soil prepara-
tion method can in these cases thus affect the
nutritional status of the peat for the new tree gen-
eration considerably. When the peat layer is not
too deep, mounding instead of shallow scarifica-
tion could be used to mix mineral soil with the
peat, especially in cases where potassium nutri-
tion can be questionable in the long run.
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Tiivistelma:

Kivennéismaalisayksen vaikutus tur peen ravinnemaariin ja mannyn ravinnetalouteen
metsdojitetuilla soilla

M aatal oudesta saatujen hyvien kokemusten innoittamana kivennéismaan lisdysté tehtiin metséojite-
tuille soille koeluontoisesti jo 1920- ja 1930-luvuilla. Kivennd smaan maanparannus- tai puustovai-
kutuksistaei kuitenkaan ole julkaistu tdhan mennessé tutkimuksia. Lukkalan (1955) mukaan turve-
maiden hiekoituskokeet osoittavat, etta runsasravintei sesta metsémaasta peréisin oleva 5 cm:n pak-
suinen hiekkakerros (500 m® ha') tai savimaa kohottaa tuntuvasti ojitetun suon puuntuotoskykya.

Painomaaksi kutsuttua kivenndismaata suositeltiin turvepeltojen maanparannusaineeksi aiemmin
yleisesti ja sen kéytto oli varsin tavallista turvemaiden viljelyssé Suomessa. Painomaan tarkoitukse-
na oli parantaa peltojen ravinnetilaa, |éampdoloja ja lujittaa muutoin liian 16yh&4 maata. Painomaa
kohotti hein& ja viljasatoja turvepelloilla sitd enemman, mité enemman sité kéytettiin. Positiivisen
vaikutuksen on arveltu johtuvan kivennéismaan sisdltamasta kaliumista sekéa painomaan vaikutuk-
sista maan fysikaalisiin ominaisuuksiin, kuten pH:n, l8mp6- ja luultavasti myds vesioloihin. Paino-
maan on havaittu vaikuttavan ravinnetilaan vielé suopellon tultua metsitetyksi.

Taman tutkimuksen tavoitteena oli selvittéé vanhojen hiekoituskokeiden avulla kivenné smaan
maéaran jalaadun pitkaaikaisia vaikutuksiaturpeen ravintei suuteen ja puuston ravinnetilaan kuudella
metsdojitusal ueella.

Tutkimuksessa kdytetyt kenttdkokeet oli perustettu 1920 ja 1930 uvullajane sijaitsivat Muhok-
sella, Tohmajarvelld, Vilppulassa, Sippolassaja Tuusulassaaun perin karuillaja usein véhépuustoi-
sillata puuttomillasoilla. Vaihtelevia méaaria kivenndismaata oli levitetty suon pintaan. Kokeissa ei
ollut toistoja eiké késittelemattomi & vertailukoeal oja. Tutkimustavarten vertailukoealavalittiin mah-
dollisimman |&heltéa késitel tyj & koeal oja samalta suotyypilta. Koeal ojen pienen koon vuoksi puuntuo-
toksen tarkastelu rgjoittui vain yhteen kokeeseen.

1990-luvulla puustot edustivat kehitysluokaltaan nuorta tai varttunutta kasvatusmetsikkoa. Val-
litseva puulgji oli kaikissa kokeissa manty, sekapuuna esiintyi vaihtelevasti hieskoivua. Aineiston
keruuhetkel & kivennaismaalisiyksesta oli kulunut kokeesta riippuen 52 — 74 vuotta. Kokeilta otet-
tiin kaikilta koeruuduilta ja koealueen ulkopuolelta vertailualueelta tilavuustarkat maandytteet eri
turvesyvyyksilté (kerrokset 0-10, 10-20, 20-30 ja30-40 cm seka Tohmajarveltédja Vil ppul astalisék-
si 40-50 cm:n kerros) koostaen ne 9:stétai 12:sta osandytteesta. Ravinnemaarityksié varten otettiin
neulasndytteet Muhokseltaja Vil ppulasta. M uhoksen kokeelta mitattiin myds puuston mééran jakas-
vun kehitys jaksolta 1965 — 1994 (kivenndismaan lisayksestd 31 — 60 vuotta).
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Kivennai smai den raekoostumus mééritettiin sedimentointimenetelmalla (Elonen 1971) jamaa a
ji nimettiin ds, -menetelmalla (Korhonen ym. 1974). Maanaytteista mééritettiin pH, tuhkapitoisuus,
kokonaistyppi sekd maan ns. kokonaisravinnepitoisuudet (P, K, Ca, Mg, Fe, Zn, B) ja happamaan
ammoniumasetaattiin uuttuvat ravinnepitoisuudet (P, K, Ca, Mg). Maandytteen sisdltdman kiven-
nai saineen ja orgaani sen aineen maara laskettiin maan tiheyden ja tuhkapitoisuuden perustedlla. Ki-
vennaismaan maara arvioitiin kdyttamalla vertail uperusteena niiden soiden kivennaisaineen maéran
keskiarvoa, joillakivenndismaata e ole lisétty (vertailukoealat). Kivennadismaan massa muunnettiin
tilavuudeksi kayttden maan tiheyden arvona 1,1 kg dm (Ervio 1970). Ravinteiden méérét esitetdan
kokonaisméaérina (kg ha) 10 cm paksuisissa maakerroksissa. Alkuperaisiss koesuunnitelmissa esi-
tetyt kivennaismaa-annostukset poikkesivat huomattavasti laskennallisista maarista. Tutkimuksessa
kaytettiin laskennallisiaarvoja.

Korrelaatio- jaregressioanal yysillatutkittiin kivennai smaalisayksen vaikutuksia maan tiheyteen,
tuhkapitoisuuteen, pH:n jaravinnepitoisuuksiin eri turvekerroksissa kaikkien kokeiden yhdistetyssa
aineistossa. Tohmajarven kokeessa |l tarkasteltiin eri raekoostumusta olevien kivenndismaalgjien
vaikutusta.

Kivennadismaan lisdyksella oli pitkéaikainen vaikutus maan fysikaalisiin ja kemiallisiin ominai-
suuksiin. Turpeen tuhkapitoisuus ja kuivatuoretiheys kasvoivat kivennaismaalisayksen méaéran kas-
vaessa. Samalla lisdéntyivat maan fosforin, kaliumin, kalsiumin, magnesiumin, sinkin, raudan ja
boorin kokonaismaéarét. Kivenndismaalisdys vaikutti kuitenkin vain vahan turpeen happamaan am-
moniumasetaattiin uuttuvien ravinteiden maariin. Turpeen pinnalle levitetyn kivennésmaan vaiku-
tukset rgjoittuivat padasiassa turpeen ylimpadn 30 cm kerrokseen. Kuitenkin turpeen tuhkapitoisuus
sekakaliumin jaboorin maarét olivat lisaééntyneet syvemmallakin. Mitakorkeampi maan hienoaines-
osuus oli, sitéd enemman turpeen fosforin, kaliumin, kalsiumin ja magnesiumin kokonaisméaérét li-
saantyivéat. Kivennadismaan lisdys nopeutti puuston kasvua ja paransi mannyn neulasten fosfori- ja
kaliumtal outta, mutta laski neulasten booripitoisuutta Muhoksen kokeella. Tuloksista voidaan paa-
tellg, ettéd suometsien uudistamisen yhteydessa kivenndismaan saaminen turvekerroksen pintaosiin
muokkauksen yhteydessaturvaisi uuden puusukupol ven kéytettavissa ol evien kivennéisravinnevaro-
jen sailymistd, mikali pohjamaaei ole kovin karkeal gjitteista.
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