BALTIC FORESTRY
I SHORT TERM EFFECTS OF COMPENSATORY WOOD ASH FERTILIZATION ON SOIL /.../ Il R. OZOLINCIUS ET AL I

Short Term Effects of Compensatory Wood Ash Fertilization
on Soil, Ground Vegetation and Tree Foliage in Scots Pine

Stands

REMIGIJUS OZOLlNélUS', IVETA VARNAGIRYTE-KABASINSKIENE'*, KESTUTIS ARMOLAITIS', TALIS
GAITNIEKS?, RASA BUOZYTE!, ALGIMANTAS RAGUOTIS', LAIMA SKUODIENE!, JURATE ALEINIKOVIENE!
AND VIDAS STAKENAS'

!Lithuanian Forest Research Institute, Liepy 1, Girionys, LT-53101 Kaunas distr., Lithuania

’Latvian State Forestry Research Institute “Silava”, Riga str. 111, LV-2169 Salaspils, Latvia

*Corresponding author. Phone: +370-37-547247, fax: +370-37-547446, e-mail address:

i.varnagiryte@mi.lt

Ozolin¢ius, R., Varnagiryté-KabaSinskiené, 1., Armolaitis, K., Gaitnieks, T., BuoZyté, R., Raguotis, A.,
Skuodiené, L., Aleinikoviené, J. and Stakénas, V. 2007. Short Term Effects of Compensatory Wood Ash
Fertilization on Soil, Ground Vegetation and Tree Foliage in Scots Pine Stands. Baltic Forestry, 13 (2): 158—168.

Abstract

A wood ash experiment was set up in a 38-year-old Scots pine stand (forest type — Pinetum vacciniosum) growing
on Arenosol. Raw, dry ash (fly ash, not stabilized) and nitrogen fertilizers were applied in the forest. There were 6
variants of the experiment: 1 — 1.25 t ash ha'; 2 — 2.5 t ash ha''; 3 — 5.0 t ash ha'; 4 — 2.5 t ash ha! and 180 kg N
ha'; 5 — 180 kg N ha'! and 6 — control (without ash and nitrogen). The primary effects (3 months—2 years after the
treatment) of wood ash fertilization on soil, soil solution, soil microflora and biological activity, fine roots and mycorrhiza,
ground vegetation diversity, tree foliage chemistry, physiological parameters and litterfall are presented in the paper.

The highest wood ash dose (5.0 t ha') changed the chemistry of forest litter: the increased pH and total
concentrations of most of the macronutrients were found after 2 years. In contrast, total N concentrations decreased
due to ash application. Wood ash increased the number of ammonifying, denitrifying microorganisms and cellulose-
decomposers in the forest litter 3 months after application.

Wood ash slightly reduced total length of fine roots and number of root tips 1 year after treatment. The highest
degree of fine roots vitality was found in the plots treated with 2.5-5.0 t ha'! of wood ash.

No changes in ground vegetation diversity were found after the wood ash and N application.

No changes of chlorophyll a, b were determined in the current year needles 5 months after application of wood
ash. Wood ash decreased the content of the aminoacid proline and it has increased only after N addition.

Key words: wood ash, Scots pine, chemical composition, microflora, mycorrhiza, ground vegetation diversity, tree
foliage

Introduction

Recently, an increase in utilization at logging res-
idues for producing energy is widely noted in Lithua-
nia. First of all, acceleration of wood residues use for
bioenergy raises many ecological aspects (Kairitks-
tis et al. 2005). In the nearest future, forest fuel re-
sources could amount to 5 mill m* in Lithuania. The
utilization of such an amount of forest fuel annually
would create about 25-30 thousand tons of wood ash.
From another point, the intensified forest fuel harvest
would cause an additional export of nutrients from the
forest ecosystems (Nilsson 2001). To obtain a sustain-
able utilization of biomass fuels, the nutrients contain-
ing ash have to be recycled back to the forests.

The chemical composition of wood ash differs
because the concentrations of various elements vary
widely: Ca — 72.3-300 g kg', K- 5.3-74 g kg'!, Mg —
9.45-74 g kg', Cd —1.4-28.6 mg kg"!, Cr — 9.5-225 mg
kg!, Cu—13-289 mg kg, Pb — 4.5-100 mg kg', Zn —
74-1500 mg kg™ (Baath and Arnebrant 1994, Fransman
and Nihlgard 1995, Eriksson 1998, Hytonen and Kau-
nisto 1999, Levula et al. 2000, Saarsalmi et al. 2001
and Ozolincius ef al. 2005). An exception is made for
N that is usually lacking in wood ash.

Generally, wood ash has a strong neutralizing and
buffering capacity on soils. This has been widely re-
ported in a number of studies (Ohno and Erich 1994,
Bramryd and Fransman 1995, Milkdnen 1996, Levula
et al. 2000, Arvidsson et al. 2001 and Saarsalmi et al.
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2001, etc.). The hydroxyl and bicarbonate ions formed
as a result of dissolution of the oxides, hydroxides and
carbonates in the ash neutralize the protons in the soil
solution. Simultaneously the proton cation exchange
sites are replaced by base forming cations (Ca?*, Mg*,
K* and Na'). The neutralization effects of applied
wood ash become evident at a slower rate in the min-
eral soil than in the humus layer.

Differences in the average nutrient release of var-
ious chemical elements from ash have been found. For
example, Ohno and Erich (1994) found that the average
nutrient release from the ash to the soil was much low-
er for P compared to Ca, Mg and K. This can be attrib-
uted to the low solubility of P minerals in the ash.

Fewer findings have pointed out the wood ash
influence on soil solution chemistry. Several times it
has been stated that there were no differences in soil
solution pH at 30 cm depth during a 5-year period after
granulated ash application in central Sweden (Frans-
man and Nihlgard 1995). Arvidsson and Lundkvist
(2001) found no treatment effects on pH in the soil
water sampled at 50 cm depth after the application of
hardened and crushed wood ash at four different lo-
cations in Sweden.

While the effect of wood ash application on soil
solution pH is rather weak there are consistent obser-
vations of increased downward transport of base cat-
ions. Arvidsson and Lundkvist (2001) found higher
concentrations of Ca, Mg and K in the soil solution
at all of four different field experiments using two dif-
ferent crushed ash types. Rumpf et al. (2001) observed
increased concentrations of both Ca and K at 0 cm,
10 cm, and 100 cm depth in the mineral soil.

Reduced soil acidity due to ash application affects
the microbiological processes in the soil. According
to Baath and Arnebrant (1994), the total microbial
activity and bacterial growth rates increase with in-
creasing amount of wood ash (from 1.0 to 5.0 t ha™).
However, the bacterial biomass appeared unaffected.
In other experiments, positive effect on litter micro-
flora was detected: the number of ammonifying bacte-
ria, bacillus and oligotrophic microorganisms increased
(Armolaitis et al. 2002).

The ash dose 7.5 t ha! was found to stimulate the
root growth of spruce 4 months after planting (sam-
ple plot was fertilized by ash 12 months before plant-
ing), but the number of root tips was reduced (Erland
and Soderstrom 1991). Contrary some authors (Clem-
ensson-Lindell and Persson 1992) recorded the amount
of live roots (diameter 0—1 mm) in spruce stands to be
nearly twice as low as in the control 5 years after wood
ash application (2.8 t ha).

While analyzing ground vegetation changes af-
ter wood ash application it is evident that due to

morphological properties of bryophytes and lichen
they are most susceptible to drastic changes in litter
and soil pH and they often show immediate symptoms
of damage after treatment (Milkonen et al., 1980 and
Mikipdd 1994). The short-term damage (discoloration)
on bryophytes 3 months after application of loose ash
and crushed ash, then granulated ash caused no vis-
ible damage (Kellner and Weibull 1998). Studies of
wood ash effects on ground vegetation in pine, spruce
and birch stands indicated the presence of more ni-
trophilic vascular plant species (Riihling 1996). No data
about the effect on ground vegetation diversity were
found.

Wood ash influence both physiology and the
chemical composition of tree foliage. There is, how-
ever, hardly any information on changes of the pig-
ments (chlorophylls, carotenoids) participating in pho-
tosynthesis, nor on changes of amino acids as stress
indicators, for example, proline after the application of
wood ash. However, for the indication of wood ash
consequences at carly stage, it may be rational to
estimate the changes of these metabolites as they
participate in many chemical reactions (Mandre and
Korsjukov 2002 and Skuodiené 2005). Insignificant
differences in the content of chlorophylls and carote-
noids have been observed already 2 months after treat-
ment in 19-year-old Scots pine stands (Mandre and
Korsjukov 2000). It is recorded that wood ash appli-
cation increased the content of chlorophylls and car-
otenoids, but not their ratios in young Scots pine trees
(Mandre and Korsjukov 2002).

During ash application studies much attention has
been paid to the chemical composition of foliage, es-
pecially needles. There were no effects on nutrient
concentration in the needles four years after the ap-
plication of a granulated wood ash (Rosengren-Brick
1994) and one year after the application of crushed
wood ash (Arvidsson and Lundkvist 2002). However,
the application of hardened wood ash increased the
nutrient concentrations of P, K, and Ca in the current
and first year needles after a period of five years. The
concentrations of P and Ca were significantly higher
only in the current year needles (Arvidsson and Lun-
dkvist 2002 and Nilsson 2001).

The influence of wood ash fertilization in a Scots
pine stand growing on nutrient poor sandy soil has
been analyzed in the present study. The initial effects
(5 months—2 years after the treatment) of wood ash
fertilization on soil, soil solution, soil microflora, fine
roots and mycorrhiza, ground vegetation diversity, tree
foliage chemistry and physiological parameters, and
litterfall are presented in the paper. We hypothesized
that raw, dry wood ash applied on Arenosols inten-
sively change the chemical parameters of the forest
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litter and soil, intensify nutrient leaching and influence
chemical composition of forest vegetation during the
first 2 years after the treatment. Therefore, the chang-
es in chemical soil condition would affect the number
of microorganisms, also wood ash fertilization, as a
stress factor, may cause the changes in the physio-
logical processes in trees.

Materials and methods

Site description

An integrated field experiment was established in
2002 in the 38-year-old Scots pine stand. The soil was
classified as Haplic Arenosols. The stand represent-
ed a typical Scots pine forests of Pinetum vaccinio-
sum forest type for Lithuania. The average tree height
was 14.8 m and the mean diameter at breast height was
14.3 cm at start of the experiment. Standing volume
was 174.4 m? ha' and the stand production class de-
termined to 5.3 m? ha"' per year. The ground vegeta-
tion layer in the stand was dominated by different
species of moss Pleurozium schreberi (Brid.) Mitt.,
Dicranum polysetum Sw., Dicranum scoparium Hedw.
and Hylocomium splendens (Hedw.) Schimp. The cov-
erage of vascular plants was low (~ 7%) and the most
common species were Festuca ovina L. and Calluna
vulgaris (L.) Hull. The total area of the experiment was
3.2 ha. Totally there were 24 plots (25x20 m) grouped
into 4 blocks (replications) with 6 treatments in each
block: 1 —1.25 t of dry ash per 1 ha,2 —2.5tha'; 3 —
5.0 t ha'; 4 — 180 kg N ha''; 5 — 2.5 t together with
180 kg N ha', and K — control. The raw (not hard-
ened) wood ash was applied in June 2002. The wood
ash applied in the field experiment had pH _,  11-12
and consisted of 2.1 g P kg', 5.3 g K kg!, 72 g Ca kg'!,
9.5 g Mg kg'!, and also relatively small amounts of
heavy metals (Cr, Cd, Pb, Ni, Cu, Zn) (for details —
Ozolincius et al. 2005).

Sampling, analysis and data treatment

Soil sampling was carried out 2 years after wood
ash application in September 2004. On each plot, soil
subsamples were collected from 20 places of the for-
est litter (organic layer) and from the upper 0-5 cm
mineral soil. One combined sample was produced per
plot and per layer. Soil pH was measured with glass
electrode on suspensions of soil in distilled water and
0.01 M Ca Cl,. The contents of total N was analyzed
by the Kjeldahl method, total Mg and Ca — with atom-
ic absorbtion spectrophotometer (AAS), K — with flame
photometer and P — using standard colorimetric meth-
ods (UN-ECE 2002).

Soil solution was sampled at 20 cm and 50 cm
depths 15 months and 2 years after the application of

wood ash and N fertilizer. The tension samplers (ce-
ramic tension cups P80) were installed in all treatments.
There were installed 144 tension lysimeters, system-
atically, with 6 in each plot. An underpressure of 70
kPa was used for sampling soil solution. The soil so-
lution samples were analyzed for NO,, P, K, Ca and Mg.
NO, ions were measured spectrometrically, P — by the
colorimetric method, K — with flame photometer, Ca and
Mg — with AAS.

Soil microflora was studied 3 months after treat-
ment. Composed forest litter samples (12 subsamples)
from 0—10 cm layer (Ssubsamples) were collected
(Raguotis and Kruopis 1961). Microfloric identification
was carried out by sowing diluted suspensions of
forest litters and soils on nutriculture media, distrib-
uting microorganisms into physiological and system-
atical groups. The decomposition of cellulose in the
soil was also determined (Klupt 1962).

The samples of fine roots were collected one year
after wood ash treatment. With the A_layer removed,
the root samples were collected by using a 100 ¢m?®
metallic cylinder (H=4 cm, D=5.8 cm). Root samples were
taken from forest litter at the depth of 4 cm, to some
extent touching also the mineral soil. Samples were
taken from both the control and the ash-fertilized sam-
ple plots of the fertilization dose 2.5 t ha! and 5.0 t
ha'! (totally from 12 sample plots). On each sample plot
totally 24-26 samples were randomly taken over the
crown projection area of average diameter trees. The
samples were stored at the temperature +4°C. At the
laboratory the root samples were carefully rinsed and
analysed at first in a stereomicroscope (I Leica MZ—
7.5) of the magnification 6.3. The mycorrhizal types
were identified following the colour: white (having
external hyphae and rhizomorphs), light yellow, dark,
and pink. The samples with Cenococcum sp. were
identified as well. The mycorrhiza vitality class was
estimated. The mycorrhiza vitality was graded into 4
classes following a modified G6bl method (G6bl 1995).
Vitality coefficient 1 stands for the highest vitality
class, 4 — for the lowest. Roots of the diameter up to
3 mm were analysed. Comparison of the morphologi-
cal indices of roots is done by using the software Win
RHIZO 2002 C and the calibrated scanner EPSON STD-
1600+. After scanning the root samples were dried for
48 h at +70°C to determine their mass.

Ground vegetation was studied before the exper-
iment and up to 2 years after the treatment. Eight 1m?
quadrates were systematically distributed on each
experimental plot. In each quadrate species composi-
tion, layer and cover (%) were recorded (Tallent-
Hansell 1994). The Shannon diversity index (Magur-
ran 1987) was also calculated by the following equa-
tion:
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H =-%(n /N)log, (n /N),

where n. — cover of i-species; N — total cover.

Scots pine needles for the chlorophylls, caroten-
oids, aminoacid proline analyses and for chemical
composition were sampled from 5 trees of the class 11
according to the Kraft classification. Current year and
first year needles were sampled in October 2002 (after
3 months) and September 2004 (after 2 years). The
needles were sampled from the 5-7th whorl from 1/3
upper part of the crown. Methods described by Lich-
tenthaler (1978) were used for chlorophylls and caro-
tenoids assessment. Proline was determined by the
method of Bates, Waldren and Teare (1973) modified
for conifers (Skuodiené 1997). Total N in the needle
samples was analysed by the Kjeldahl method, P — by
the colorimetry, K — by flame photometry, and Ca and
Mg — by AAS.

Litterfall has been monitored continuously since
July 2002 until July 2005. Litterfall was sampled from
144 litter traps in Scots pine stand, 6 litter traps in each
plot (surface area 0.25 m? at a height of 1 m above the
ground). The traps made of wood and cotton bags were
set up equidistantly and parallel in two rows in the
plot (UN-ECE/ICP 1998). Litterfall was collected month-
ly in spring, summer and autumn-time and once in
winter-time. The chemical composition was determined
using the methods described above for the needle
samples.

All chemical analyses were performed at the Cent-
er of Agrochemical Research of the Lithuanian Insti-
tute of Agriculture.

For statistical data analyses, ANOVA and ¢-tests
were used to evaluate the significant effects of differ-
ent treatments. The effects of the treatments were treat-
ed as significant with p<0.05.

Results and discussion

1. Chemical changes in forest soil and soil so-
lution

Raw wood ash decreased the acidity of forest lit-
ter (organic layer) from pH 3.5 (the control) to pH 5.7
(5.0 t ha! of ash) 2 years after the application (Table
1). Meanwhile, no significant differences among the
treatments were determined in mineral topsoil (0—5 cm)
of Arenosols. An increase by 2.6 pH units in the for-
est litter has been indicated already 3 months after
wood ash application (Ozolincius et al., 2005). The
effects of dry wood ash treatment on soil acidity main-
ly depended on the contents of oxides of Ca, Mg and
K, which will turn into hydroxides with rain water and
then react with acids. Then the wood ash obviously
caused the saturation of soil colloids with Ca ions.

Table 1. Average pH_, ., of the forest litter and the 0-5 cm
layer of the mineral soil 3 months and 2 years after the
application of wood ash and N fertilizers. Mean values and
CI - 95% confidence intervals

Variant of (2.5 tash+180 kg N)
1

. Control 5tashha” 180 kg N ha™! §
experiment ha
2002 (3 hs)"

. .« +0.08 +0.26 +0.32 +0.45
Forest litter 3.44a ~0.07 6.03b ~0.16 3.58a ~0.18 4.6la 022
Mineral +0.10 +0.28 +0.22 +0.09
topsoil 423 g0y 42 gqg 42 gys 43l 40
2004 (2 years)

. +0.27 +0.64 +0.52 +0.23
Forest litter 3.49a ~017 5.70b 2025 3.47a ~0.23 4.68a ~0.15
Mineral +0.21 +0.16 +0.25 +0.21
topsoil AT oy AP gp 4188 o6 42 oy

*Averages marked with the same letter within the soil layer
are not significantly different at significance level p<0.05.

* The data for comparison are taken from Ozolincius et al.,
2005.

The concentrations of total Ca significantly in-
creased from 3.50+0.60 g kg (the control) to 15.90+1.29
g kg! in the forest litter after 2 years in 5.0 t ash ha
!treated plots (Table 2). Similarly, wood ash increased
the concentrations of P by 1.4 fold, K— by 2.7 fold,
Mg — by 3.5 fold compared with the control.

Contrary, N concentration decreased by 1.4 fold
after wood ash application. The decreased soil acidi-
ty seemed to have intensified the microbial activity and
nitrification. It possibly resulted in NO, leaching to
the deeper soil horizons, and ground vegetation and
trees possibly have taken up a part of nitrates (Kahl
et al. 1996 and Hogbom ef al. 2001).

The wood ash application together with N ferti-
lizer significantly increased the concentrations of P,
K and Mg, but had no influence on the N concentra-
tions in forest litter (Table 2). Comparing with the re-
sults obtained 3 months after the treatment (Ozolin-
cius et al. 2005), only very small differences between
two measurements were indicated. The difference from
the control for P, Ca and Mg was higher after 3 months
when 5.0 t ha! of wood ash were applied to compare
with the data obtained after 2 years (Table 2).

Chemical analyses of soil solution showed leach-
ing of chemical substances from the upper to the deep-
er soil horizons after the application of wood ash.
Higher nutrient concentrations were detected in soil
solution in below fine root zone (50 cm depth) com-
pared with the rooting zone (20 cm depth), and this
indicated a higher element output.

Even the highest wood ash dose did not signifi-
cantly affect soil solution pH, still it has increased from
5.0 (the control) to 6.2 (5.0 t ash ha') during the first
2 years after the treatment (data not shown). Howev-
er, the main pH changes were determined during the
second year after treatment when soil solution pH
increased by 0.9—1.2 pH units compared with the con-
trol. N fertilizer insignificantly decreased soil solution
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Table 2. Total concentrations of . . N P K Ca Mg
. . . Variant of experiment I
some macronutrients in forest litter gkg
3 months and 2 years after the ap- 2002 (3 months)"
plication of wood ash and N ferti-  Control _ 12.0240.15  0.6420.06  2.90£024 4.10£0.16 _ 0.66£0.06
: 5 tash ha’ 9.45+0.58*  1.10+0.02*  7.40+0.58* 28.88+1.68* 4.15+0.36*
géer;;z/[ean values are followed by g5\ o\ e 11912055  066£0.04 2184011  4.60£0.71  0.62£0.07
’ (2.5tash+180 kg N) ha'  10.62+0.55  0.90+0.12*%  4.78+0.35*% 14.55+1.98*% 1.96+0.17*
2004 (2 years)
Control 12.7340.13  0.81+0.03 0.66+£0.02  3.50+0.60 0.48+0.06
5tashha’ 9.40+0.55%  1.11x0.12*  1.80+0.20* 15.90+£1.29* 1.67+0.13*
180 kg N ha™! 11.67£1.60  0.70+0.11 0.53+0.07  2.93+0.93 0.43+0.11
(2.5 tash+180 kg N) ha'  11.07+0.61  0.89+0.02%  0.99+0.06* 9.30+0.68*  1.01x0.11*

* Significant difference from the control at significance level p<0.05
* The data for comparison are taken from Ozolincius et al., 2005.

pH, but the wood ash applied in combination with N
fertilizers reduced acidifying impact of nitrogen at 20
cm depth, and gave no response at 50 cm depth (data
not shown).

Wood ash had no effect on the NO, concentra-
tions in the soil solution neither 15 months nor 2 years
following the treatment (Table 3). After the applica-
tion of N fertilizers, however, the NO," concentration
increased by several folds at 20-50 cm depths indi-
cating very fast nitrate leaching. The wood ash ap-
plied together with N fertilizers also increased the NO
concentration by 5-folds both at 20 and 50 cm depths.
Thus, our data could not confirm that wood ash ap-
plication would cause higher NO," concentrations in

Table 3. The mean concentrations of NO,, K7, Ca?" and
Mg*" at 20 and 50 cm depths after the application of wood
ash and N fertilizers 15 months and 2 years after the treat-
ment (n=4)

NO; K Ca™* Mg™

Variant of experiment mg L’

20 cm depth
15 hs after tr
Control 0.36+0.03 0.65£0.06  4.1x0.3 0.97+0.08
1.25 tash ha”! 0.33+0.01 1.36+0.18%  5.51.0 1.4440.23
2.5 t ash ha” 0.34+0.01 0.47£0.14 5304 1.47+0.19
5 tash ha' 0.36+0.02 0.96+0.12  9.9+1.8* 2.24+0.37*
180 kg N ha 0.89+0.51 0.27#0.20  3.3x0.3 0.76+0.09
(2.5 tash +180 kg N)ha  0.66+0.21 0.96+0.17  5.6+0.7 1.40+0.07
2 years after treatment
Control 0.82+0.20 1.42+0.23  3.18+0.52 0.84+0.08
1.25tash ha' 0.88+0.23 1.030.11 3.70+0.39 1.08+1.05
2.5 t ash ha” 0.87+0.20 1.68+0.46  5.22+0.41*%  1.53+0.21*
5 tash ha” 1.37+0.43 0.96+0.40  5.17+1.70*  1.47+0.27*
180 kg N ha' 2.10£1.06 2.44+0.76  3.18+0.36 0.91+0.14
(2.5tash +180 kg N)ha 4.35+1.33%  2.36£0.30  6.36+1.37%  1.7320.18*

50 cm depth
15 hs after tr
Control 0.35+0.02 1.30+0.24 3.5+0.2 1.11+0.19
1.25 tash ha”! 0.37+0.03 1.22+0.25 3.6+0.3 1.11+0.07
2.5 t ash ha” 0.35+0.01 0.92+0.07 6.0+0.3* 1.59+0.23
5 tash ha” 0.37+0.03 0.92+0.11 5.9+0.6* 1.90+0.24*
180 kg N ha 1.11+0.51%  0.54+0.16 4.240.6 0.78+0.03
(2.5tash +180 kg N)ha!  0.92+0.31%  1.46+0.28 6.9+1.2% 1.62+0.29
2 years after treatment
Control 0.86+0.15 0.85+0.31 2.81+0.22 0.83+0.12
1.25tash ha' 0.81+0.07 0.84+0.08 2.76+0.26 0.93+0.07
2.5 t ash ha” 1.59+0.53 0.80+0.15 4.33+0.92%  1.43+0.23
5 tash ha' 1.12+0.33 0.83+0.34 3.80+£0.32*%  1.75+0.06*
180 kg N ha 8.71£5.92*%  1.10+0.48 7.49+4.52%  2.20+1.41%
(2.5tash +180 kg Noha! 4.41x2.48*  1.46+0.28 7.51£1.87*%  1.85+0.24*

* Significant difference from
p<0.05

the control at significance level

soil solution and thus increase the risk of leaching
(Saarsalmi, Mélkonen 2001, Nilsen 2001, Nohrstedt
2001 and Gundersen ef al. 2006). Otherwise, the amount
of NO," is reduced by active roots uptake and N im-
mobilization by microorganisms (Vestgarden et al.
2003).

The K* concentration at 20 cm depth increased
from 0.654+0.06 mg L' (control) up to 0.96+0.12 mg L-
' (5.0 t ash ha') 15 months after the treatment, yet no
changes were found after 2 years (Table 3). Our data
showed that K" could be leached more intensively than
P, which confirmed earlier studies (Frank and Stuanes
2003, Saarsalmi et al. 2004 and Ozolincius ef al. 2005).
Wood ash, as well as N fertilizers increased the down-
ward transport of exchangeable Ca* during the first
year after the treatment (Ozolincius et al. 2005). The
difference from the control by 1.4—1.6 fold was also
evident after 2 years (Table 3). Similar tendencies of
wood ash effects were indicated for Mg, which con-
centrations increased by 1.7-2.3 fold during the sec-
ond year after treatment. Our findings reflect well the
specified order K>Mg>Ca>P of the solubility and the
potential plant availability of the macronutrients in the
wood ash.

2. Changes of soil microflora and mycorrhiza

The mentioned chemical changes in forest litter
and mineral topsoil, and intensified downward trans-
port of some substances to the deeper soil horizons
subsequently caused changes in biological parameters,
such as soil microflora and mycorrhiza.

Significant quantitative changes in forest litter
microflora were observed 3 months after wood ash
application. The number of the ammonifying microor-
ganisms increased from 6 (1.25 t ash ha') up to 22 fold
(5.0 t ash ha'') (Table 4). The increase in ammonifying
microorganisms in the plots treated by pure N was,
however, not significant. So, this phenomenon could
probably be explained by the decreased acidity of
forest litter (Table 1). The main changes caused by
forest litter pH increase (alkalization) were determined
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Table 4. The number of ammonifying microorganisms 3 months after the application of wood ash. Mean values
are followed by SE, n=4

Variant of Number of microorganisms, mill g"1 (%)

experiment Total Bacteria Actinomycetes Micromycetes
Control  9.4+0.8 (100) a* 8.2+0.7 (87.2) a 0.820.1(8.5) a  0.40+0.02 (4.3) c
1.25tashha! 57.6%3.9 (100) c 51.843.9 (90.0) ¢ 54+0.7(9.4) ¢ 0.35+0.02 (0.6) b
2.5tashha’  98.0£10.2 (100) d 92.1£10.1 (93.9) d 5.620.5(5.8) ¢ 0.28+0.02 (0.3) a
5tashhal  204.5+12.3 (100) e 196.8+12.3 (96.3) e 7.4+0.8 (3.6) d 0.27+0.02 (0.1) a
180 kg N ha'  15.1+1.6 (100) b 13.0£1.3 (86.5) b 15+0.5(10.2) b 0.50+0.02 (3.3) d
(z'sligaslill;}llgg 118.5+8.7 (100) d 109.5+9.9 (92.4) d 8.7£1.6(7.3) d 0.31x0.02 (0.3) b

* Values marked with the same letter within the treatments are not significantly different at significance level p<0.05.

for bacteria. The number of bacteria increased by 6—
24 fold, while the number of actinomycetes increased
by 7-10 fold. There were no changes in the number
of micromycetes that usually are very tolerant to en-
vironmental changes.

Under the influence of wood ash the structure of
microorganisms’ communities had slightly changed. In
3 months the proportion of bacteria increased from 87%
in the control up to 96% in the 5.0 t ash ha™' plot. The
proportion of micromycetes decreased from 4% (con-
trol) to 0.1% (5.0 t ash ha™"). The percentage of actin-
omycetes did not change. Such a situation leads to
the assumption that there is a possibility for the ac-
cumulation of incompletely decomposed organic ma-
terial because bacteria usually participate only at the
first stage of litterfall decomposition.

Actinomycetes and micromycetes, being able to
decompose more complex substances, together showed
a relative decrease. However, the reduced activity of
these organisms could be compensated by sporic
bacteria bacilli, which are able to decompose com-
plex organic residues. The amount of these bacteria
increased more than 10 fold (from 6 fold in the 1.25t
ash ha! plot up to 20 fold in the 5.0 t ash ha' plot) in
the forest litter after wood ash application (Table 5).

Unexpectedly unusual abundance of non-sporic
bacteria belonging to the Pseudomonas herbicola
group (these bacteria characterized by yellow pigmen-
tation on freshly dead organic material) was determined
in the wood ash plots. The Pseudomonas herbicola
group, being very sensitive to the acidity of substra-
tum, were therefore not detected in the acid forest lit-
ter characteristic of the control and the variant 180 kg
N ha' (Table 5).

The number of nitrifiers (nitrifying bacteria) in the
forest litter was small in all plots. The largest number
of them was found in the plots 5.0 t ash ha'! and (2.5
t ash + 180 kg N) ha''. However, here also, the largest
number of denitrifying bacteria was recorded. That
leads to the assumption that a certain amount of N
could be lost during the process of denitrification
preconditioned by decreased soil acidity.

Practically, in all variants treated by wood ash the
number of cellulose-decomposing bacteria in the for-
est litter increased by several folds, and they comprised
97-100% of all cellulose-decomposers, while in the
control the bacteria comprised only about 50%.

Wood ash had no influence on microflora of the
mineral topsoil (0—10 cm) (data not shown). The main
increase in the ammonifying microorganisms occurred

Table 5. Number of microorganisms in forest litter 3 months after the application of wood ash. Mean values are

followed by SE, n=4

Number of microorganisms, thou. g’!

Variant of Bacilli Pseudomonas Cellulose-decomposing
experiment 1A herbicola, Nitrifiers Denitrifiers .
mill. g mill. g"l (number of bacteria, %)
Control 0.0+0.0 a* 0.0+0.0 a 022+0.13 a 4+1 a 0.7+0.3 (51.1) a
1.25 t ash ha'! 6.0+1.1 c 6.4%1.9 b 0.22+0.13 a 11£3 b 12.8+1.2(96.6) a
2.5 tashha! 11.3x16 d 9.8+1.3 b 0.75+029 b 1945 ¢ 18.0+£2.2(99.8) b
5 tash ha! 19.5£23 e 251424 ¢ 1.39+0.56 bc 167+55 d 394+58(100.0) ¢
180 kg N ha™! 0.9+0.2 b 0.0+0.0 a 0.184%0.12 a 25+10 ¢ 0.8+0.2 (66.8) a
(25tashtl80 40004 g 133220 b 1512040 ¢ 230820 d 350456 (976) ¢
kg N) ha

* Values marked with the same letter within the treatments are

p<0.05

not significantly different at significance level
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mostly due to the changes in bacteria quantity, while
the amount of actinomycetes and micromycetes re-
mained unchanged. Positive influence of wood ash on
the topsoil microorganisms of other studied group was
revealed only after the highest wood ash dose appli-
cation (5.0 t ash ha™'). Here, the number of bacilli in-
creased by about 30%, Pseudomonas herbicola bac-
teria — by several folds.

It was presumed that due to the changes in the
topsoil chemical composition and in the number of soil
microorganisms and their activity after the application
of wood ash would influence the tree growth, and first
of all, fine root growth and mycorrhiza. Special atten-
tion was paid to plots treated with 2.5 t ha' and 5.0 t
ha' of wood ash. Morphological indices of fine roots
and mycorrhiza one year after the application of wood
ash showed no differences in fine root morphology
except total length and number of root tips. These two
parameters were insignificantly reduced after 5.0 t ash
ha'! application (Table 6). Our results corresponded
with the data of authors who have recorded that the
applications of wood ash can cause the reduction of
root tips (Erland and Sdderstrom 1991) and small (di-
ameter 0—1 mm) live roots (Clemensson-Lindell and
Persson 1992).

Table 6. The morphological indices, mycorrhiza and vitality
of Scots pine fine roots one year after the application of 2.5
and 5.0 t ha'! of wood ash. Mean values are followed by SE

Variant of experiment
Control 2.5 tash ha'
Morphological indices of fine roots
314.05+13.85 321.78420.85

Indices 5.0 tash ha'

Total length, cm 291.20£23.70

Surface area, cm”  52.28+1.48 56.38+3.12 52.68+£3.94
Volume, cm® 0.78+0.03 0.79+0.03 0.77+0.06
Number of tips* 1074.38+103.79  1029.45+69.44  949.38+75.15
Mass, g* 0.31+0.02 0.3340.02 0.3240.03
Mycorrhiza (occurrence, % of total)
White 44.25+7.44 41.00+2.89 32.2547.66
Light-yellow 12.50+2.84 22.2548.00 12.50+3.28
Dark 18.00+8.14 31.7546.09 31.00£6.56
Pink 26.2549.45 23.75+10.96 30.75+£10.73
Coralloid 23.7545.66 47.25+11.25 42.2549.15
Cenococcum sp. 33.50+13.23 43.00+19.67 29.33+11.86
Vitality class 3.6340.10 3.4340.15 3.20+0.07

* Mean value per middle root sample

Clusters of coralloid mycorrhiza were identified in
42-47% of the samples after the application of 2.5—
5.0 t ash ha”!, while it amounted to only 23% in the
control. Light-yellow mycorrhiza having smooth thick
mantle was identified in 22% of the samples in the plots
treated with 2.5 t ash ha'!. However, in the control and
the plots treated with 5 t ash ha”!, the light-coloured
mycorrhiza made u[ 12% of the samples analysed. A
number of authors hold the light-coloured mycorrhiza
to be more “efficient” (Gobl 1963, 1967 and Illema-
xaHoBa 1962). However, there are indications that the

dark-coloured mycorrhiza is superior (Dominik 1965).
The dark-coloured mycorrhiza was found in 31-32%
of the samples in 2.5 and 5.0 t ash ha'!, while for the
control this index was 18 %. The proportion of Ceno-
coccum sp. was lower (29% of the samples) in 5.0 t
ash ha'' plot, compared with the control and 2.5 t ash
ha”!, which was 29-34%. Regarding the occurrence of
Cenococcum sp., the data of this study agreed with
the results obtained in studying the mycorrhization of
pine container stock. These authors found the propor-
tion of Cenococcum sp. to be higher in the control as
compared with the stock planted out in ash-fertilized
plots (fertilization dose 7.5 t/ha) (Erland and Séder-
strom 1991).

To adequately describe the fertilization effect,
apart from root morphological traits, it is essential to
assess root vitality and mycorrhization. The assess-
ment of the vitality of fine roots showed the highest
average vitality degree 3.2 for the fertilization dose of
5 t ash ha!; 3.4 for dose of 2.5 t ash ha"!, and 3.6 for
the control.

3. Changes in ground vegetation diversity, tree
foliage and litterfall

Following the primary data (Ozolinéius et al., in
press), wood ash and N fertilizers significantly de-
creased the cover of bryophyte in the period from 2002
to 2004. The cover of the bryophyte decreased from
98% to 90% in the plots treated with 5.0 t ash ha’,
and from 99% to 92% in the N-fertilized plots. No
changes of vascular plant cover were found. Despite
the changes of the bryophyte cover, the Shannon di-
versity index for all treatments has varied from H[1=0.7
to 1.2. But no significant differences among treatments
were indicated (Fig. 1). The given results showed that
neither wood ash nor N fertilizers changed the ground
vegetation diversity in the first 2 years experiment
period.

2o o] ‘ 02002 02003 2004 ‘
5
=
E
s10+ IR - dT- - - - d- -1 - - - - - -
5
=
=
H
=
17
Control 1.25 t/ha 2.5 t/ha 5.0 t/ha 180 kg N/ha  (2.5t+ 180
kg N)/ha

Figure 1. Shannon diversity index of ground vegetation be-
fore the experiment (2002), one (2003), and two (2004) years
after the application of wood ash and N fertilizers (n=4).
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Most often analyzing the consequences of wood
ash, i.e. the changes in the content of mineral nutri-
ents in the soil and plants, effects on growth, etc., the
mechanisms through which wood ash influence plants
is still little understood (Mandre and Korsjukov 2002).
Initially, the nutrient imbalances or changes of nutri-
ent concentrations as stress factors may cause sig-
nificant changes on the physiological processes in
trees. The concentrations of chlorophyll a varied in a
narrow range of 1.2-1.3 mg g', chlorophyll 5 — 0.3—
0.4 mg g, carotenoids — 0.40-0.45 mg g' (Table 7),
and calculated ratios of chlorophylls (a+b)/caroten-
oids was about 3.5-3.6.

In this study, a significant increase in the chloro-
phylls was detected in current year needles 3 months
after the application of 180 kg N ha': the concentra-
tion of chlorophyll a increased by 0.18 mg g' and
chlorophyll » — by 0.15 mg g' (Table 7). Not signifi-
cant but still an increase in chlorophyll ¢ was indi-
cated in the current year needles when the wood ash
in doses of 2.5-5.0 t ha'! was applied, and also in a
combination of wood ash together with N fertilizers
treatment. There were no significant changes in chlo-
rophylls @ and b in the first year needles (Table 7).
Our results partly confirm earlier results received in
Estonian studies when wood ash has direct response
on the concentrations of the chlorophyll increment
(Mandre and Korsjukov 2002). Generally, wood ash
comprised of essential plant macronutrients (K, Mg,

Ca, P) is treated as the amendment to the soils (Table
2) but at early stage some of these elements signify
the pigment synthesis in tree (Mandre and Korsjukov
2002 and Skuodiené 2005).

The concentrations of aminoacid proline signifi-
cantly increased by 1.5 fold after the application of
wood ash together with N fertilizers in the current year
needles. Similarly, the pure N treatment also increased
this content by 10% (Table 7). However, the concen-
tration of proline decreased by 15% in the plots treat-
ed with different (1.25-5.0 t ha') wood ash doses.

Wood ash had no significant effect on needle
nutrient concentrations, except that a 1.2—1.3 fold in-
crease in the N and Ca concentrations was found in
the needles after N fertilizers addition (data not shown).

It is interesting to mention that the concentrations
of all chemical elements investigated (N, P, K, Ca),
except Mg, were higher in the needles in the plots
treated with 180 kg N ha''. A significant increase by
1.2 fold was similarly detected for Zn in the current
year needles. The values of other elements varied
within the uncertainty range.

The litterfall study showed neither significant
wood ash nor N fertilizer influence on the amount of
litter, and its different fractions, and there was no
change in the seasonal variations during a 3-year pe-
riod after the treatment (Fig. 2). The maximum amount
of litterfall was formed during an active vegetative
period from May to July and comprised about 25-30%

Table 7. The concentrations of  Variant of chlorophyll a chlorophyll b Carotenoids Proline
chlorophyll a, chlorophyll b, experiment current year first year current year first year currentyear first year current year
carotenoids, and amino acid mg g' DW mg 100 g' DW
proline in the current and first ~ Control 1.2740.04 1.29+0.05 0.32+0.03 0.3740.04 0.42+0.03  0.45+0.02 3.10+0.03
year Scots pine needles 5 1.25 t ash ha™! 1.2840.09 1.23#0.09 0.32+0.06 0.30+0.05 0.45+0.03 0.47+0.01 2.70+0.23
months after the application of 2.5 tash ha' 1.2940.05 1.36+0.05 0.30+0.03 0.36+0.04 0.45+0.02 0.46+0.02 2.60+0.02*
wood ash and N fertilizers. 5.0 t ash ha™ 1.3040.03 1.31+0.07 0.32+0.02 0.34+0.04 0.45+0.01 0.46+0.00 2.70+0.50
Mean values are followed by 180 kg N ha 1.4540.04* 1.36+0.06 0.47+0.04* 0.41+0.05 0.44+0.01 0.43+0.03 3.40+0.10%*
(2.5¢180kg N) ha! 1.3020.05 1.21+0.14 0.34x0.04 0.3320.08 0.44+0.02  0.450.01 4.40+0.40*

SE, n=4

* Significant difference from the control at significance level p<0.05.

kg ha per month
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—>—1.25 tash /ha
—¥—2.5tash /ha
— & — Stash/ha
-9 --180kg N/ha
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Figure 2. Seasonal changes of

e==O=== (2.5 t ash+180 kg N) /ha

litterfall mass (kg ha' per 0 T
month) in Scots pine stand
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of total annual litterfall, and in autumn — about 55—
65%. This corresponded well with the studies of Vaicys
et al. (1979), Helmisaari (1992) and Thelin (2000). The
total annual litterfall amounted to 3.1 t ha’!, and the
needle part comprised about 2.6 t ha''. Despite the fact
that there were no significant differences from the
control, the following changes were obtained: 1.25—
2.5 t ash ha'! increased total litterfall by 5-9%, 5 t ash
ha' — by 24%, N fertilizers — by 27%, and wood ash
applied together with nitrogen — by 8%.

Neither was found any wood ash nor N fertilizer
effects on nutrient concentrations in litterfall needles.

Conclusions

1. Wood ash significantly increased soil pH and
total concentrations of the most of the macronutrients
after 2 years. However total N concentrations de-
creased due to ash application.

2. Wood ash increased the number of ammonify-
ing, denitrifying microorganisms and cellulose-decom-
posers in the forest litter 3 months after application.
Positive influence of wood ash on the mineral topsoil
microorganisms (bacilli, Pseudomonas herbicola bac-
teria and denitrifying microorganisms) was determined
after the application of the 5.0 t ash ha™'.

3. Wood ash slightly reduced total length of fine
roots and the number of root tips one year after treat-
ment. To compare with control, the highest degree of
fine roots vitality was found in the plots treated with
2.5-5.0 t ha"! of wood ash.

4. The Shannon diversity index of ground vege-
tation for wood ash and N fertilizers treatments has
varied within the range of H’=0.7-1.2, but no differ-
ences in ground vegetation diversity were indicated.

5. The slight increase in chlorophyll ¢ was de-
termined in the current year needles 5 months after
application of wood ash, but the main increase in chlo-
rophylls was found after the N fertilizer application.
Wood ash decreased the concentration of aminoacid
proline but it was increased by N addition.

6. Wood ash had no significant effect on the
chemical composition of needles. Increased N concen-
trations in both current and first year needles were
determined after the application of N fertilizers.

7. The obtained results showed that the recycling
of untreated (raw and dry) wood ash to the forest
ecosystem could have primary deleterious effects on
soil, ground vegetation and tree foliage.
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NEPBUYHBIN D®PEKT YIOBPEHUS JPEBECHOM 301011 HA IMOYBY, )KUBOHN
HATIOYBEHHBI ITOKPOB W JPEBECHYIO JIUCTBY B JPEBOCTOSIX COCHBI
OBBIKHOBEHHOMI

P. O3oaunuioc, . Bapuarupure-Kadamunckene, K. Apmoaaiituc, T. laiiTneke, P. Byoxure, A.
Paryoruc, JI. Ckyoaene, FO. AneiinukoBene u B. Crakenac

Pesome

DKCIIEPUMEHT 110 YIOOPEHHIO APEBECHON 30101 OBLT 3alI0kKeH B 38-IIeTHEM COCHOBOM JpeBOCTOE (THH Jieca — Pinetum
vacciniosum) Ha Nec4aHo# mouse. B secy BeichimaHa chlllydas (HeCTaOMIM3MPOBAaHHAs) JpeBEeCHAs 30J1a M a30THEIC
ynoOpeHus. DKCepUMEHT cocTasisier 6 Bapuantos: 1) 1,25 T ra'; 2) 2,5 T ra'; 3) 5,0 rra';4) 2,5 T ra' + 180 kr N ra’'; 5)
180 xr N ra’'; 6) koutposb. B crarbe npenocrasieH nepBuuHbiil a3 dext ynodpenus yeca apeBecHoi 3omoii (3 mec. — 2 rona
rociie ynoOpeHus) Ha MO4BY, TOUYBSHHBIH PacTBOp, IIOYBEHHYI0 MUKPOQIIOpPY M OMOIOTMYECKyI0 aKTHBHOCTB, MEJIKHE KOPHHU
U MHKOPH3Y, pa3HOOOpa3ne >KMBOTO HAIOYBEHHOTO ITOKPOBA, XUMUYECKHH COCTAaB JIPEBECHOW JIMCTBBI, (PU3HOIOTHYECKHE
mapaMeTpsl M Omaj.

MakcuManbHas 103a peBecHoit 301bl (5,0 T ra') M3MeHnIa XUMHYECKHIT COCTaB JIECHOM MOJICTHIIKU: Yepe3 2 roja mocie
ynoOpeHHs TOBBICHIACH BeIMYMHA pH W CyMMapHbIe KOHIIEHTPAIlMM MHOTHX MHKpodaeMeHTOB. OfHAaKo cyMMapHBIe
KOHIIeHTparuu N mociie yioopeHus cHH3WINCh. Uepes 3 Mecsia B yJOOPEHHBIX APEBECHON 307101 IIIOIIaKaX yCTaHOBICHA
TIOBBIIIEHHAS! YUCICHHOCTh aMMOHU(DHIIUPYIOINX, TeHUTPUPUIHUPYIONIMX M IEIUTI0JI030Pa3IaraloluX MHKPOOPTraHU3MOB.
JlpeBecHast 30;1a yepe3 1 roj HE3HAYHTEIHHO CHH3MJA JIMHY MEJIKHX KOpDHEH M YMCIEHHOCTh KopemrkoB. Hampeicmias
’KU3HECTTOCOOHOCTh KOPEILIKOB YCTAHOBJICHA Ha y4acTKaX, yIoOpeHHbIX 2,5 — 5,0 T ra’' 1030ii 307l

Pa3noo0Opa3ne HalmoYBEHHOTO MTOKPOBA I10CIIe BHECEHHS PEBECHOH 30JIBI M a30Ta He M3MeHMIOCh. Yepes 5 mec. mocie
yI00peHus JPeBeCHOH 30101 He M3MEHHINCh U KOHLIEHTPAMU Xiopoduia a u b. 30j1a CHU3MIA KOJIMYECTBO aMUHOKHUCIIOTBI
MIPOJIMHA, TOTJAa KaK a30THEIE yIOOPEHMs ero TOBBICHIIN.

KawueBsnie caoBa: JApe€BECHas 30j1a, COCHa O6I)IKHOBCHH3.${, XUMUYECKHI CcoCTasB, MPIKpO(bJ'IOpa, MUKOpHU3a,
pa3H006pa3He HaImO4YBCHHOI'O MMOKpOBa, APEBECHAs JINCTBA.
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