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Abstract

The aim of the study was to seek a method for the quick revegetation of depleted peat mining areas in a near-city
landscape, where the natural recovery of vegetation was impeded by a lack of some nutrients.
The test area was pure milled peat that remained mainly free of vegetation cover for ten years after the mining process

ended. Seedlings of Alnus glutinosa (black alder) and Betula pendula (silver birch) were planted in sewage sludge compost-filled
drill-holes with a diameter of 20 cm and depth of 50 cm. For comparison, spot-applied multicomponent fertiliser was used in
drill-holes of the same size, which were back-filled with the same peat, for the test group. Seedlings with spot-applied fertiliser
without drill-holes and control seedlings without treatment were also planted into cutover peatland. Significantly greater (p <
0.001) average annual growth of height (73 cm) was followed with one-year-old silver birches planted with sewage sludge
compost at the end of the growing season compared to other seedlings treated with multicomponent fertiliser (56 cm with
drill-holes and 55 cm without holes). Significantly longer (» < 0.05) root growth in the vertical direction (53 cm) was achieved
for compost-treated birches compared to both fertiliser treatment groups (47 and 42 cm). The average values of the length of
the largest leaves were determined in the case of the compost treatment group (83 mm) compared to fertiliser treatment
groups (68 and 67 cm; p < 0.05). Similar growth trends of the same parameters were achieved with one-year-old black alder
seedlings, but the differences were not statistically significant in most cases. Usage of sewage sludge compost with the current
drill-hole planting method can be suggested for afforestation of cutover peatlands with silver birch for its remarkably high
height growth-promoting efficiency compared to fertiliser treatments. With black alder, the height growth-promoting effect
of the compost was weaker, being similar to the fertiliser treatments.

Keywords: reforestation, afforestation, reconstruction, sewage sludge compost, biosolids, height growth

Introduction

There are many different scenarios for abandoned
cutover peatlands: recovering commercial peat production,
afforesting the peat area (Nilson and Lundin 1996, Holden
2004, Lachance et al. 2005), leaving it to regenerate natu-
rally (Ruseckas et al. 2015), restoring the bog plant com-
munity by blocking runoff (Gonzales et al. 2014, Jarasius
etal. 2015), creating an artificial lake, etc. Afforestation of
cutover peatland requires a different approach to affores-
tation of mineral soil. A serious lack of some nutrients in
peat, like phosphorus and potassium, may make ordinary
planting and seeding methods almost futile. Commonly
practiced microsite preparation methods for afforestation
planting as scalping and mounding have an effect on seed-
lings’ growth in soils, where a formerly limiting factor wa-
ter regime is improved (Londo and Mroz 2001, Pietrzy-
kowski et al. 2015). Scalping and mounding may also have
a growth-promoting effect, when availability of nutrients

to seedlings is improved by opening the nutrient-rich soil
layer for planting in the case of scalping or adding an
upper nutrient-rich layer in the case of mounding (Londo
and Mroz 2001, Pearson et al. 2011, Silvan and Hytonen
2016). Lack of at least some nutrients in soil layers can be
compensated for only by adding the needed nutrients to
the soil. If soil aeration and water availability are suffi-
cient, then afforestation can be significantly supported
with mineral fertilisers in nutrient-poor soils (Raid 1979,
1986, Valk 1992, Pikk 2001). Afforestation can be success-
fully supported with waste substances like wood ash or
peat ash (Huotari et al. 2008, Péarn et al. 2009, Kikamagi et
al. 2013, Hytonen 2016). Usage of oil shale ash mixed with
phosphorus-enriched filter-peat from a wastewater treat-
ment plant has shown promising results as a substrate in
the test growing of silver birch seedlings (Kdiv et al. 2012).
Application of sewage sludge before afforestation has re-
sulted in high gains in height growth in peat (Pikka 2005,
2006). Usage of surface-spread sludge has caused high
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weed competition, which decreased the survival of seed-
lings (Lazdina et al. 2013) and required weeding every
month (Pikka 2005).

In the current work, a new method of recycling sew-
age sludge compost for afforestation of cutaway peatland
was tested. To test the composted sewage sludge’s
growth-promoting efficiency, the height growth of two
domestic broadleaved forest tree seedlings (black alder
and silver birch) were compared. The seedlings were
grown with and without sewage sludge compost on
cutover peatland. As a comparison, using green com-
post in drill-holes (20 cm diameter, 50 cm deep) in an ear-
lier test resulted in significant height growth of tree seed-
lings on cutaway peatland (Jarvis et al. 2016).

The selection of the species was grounded on the
following assumptions. The black alder species tolerates
high water levels in soil, which is common on peatlands
during springtime. Black alder is also a common species
in wet areas. Silver birch is a pioneer species that natu-
rally spreads on cutover peatlands, when the peat con-
tains enough nutrients to support its growth. The choice
of seedlings was based on the fast-growing broadleaved
tree seedling availability on the market (one- and two-
year-old black alder seedlings and one-year-old silver
birch seedlings). There was a question whether two-year-
old black alder seedlings are as tolerant to transplanting
into a completely different growth environment with a
high soil fertility contrast; therefore, both one- and two-
year-old seedlings were used in the test.

It is problematic to use sewage sludge compost for
agricultural purposes because it may contain an excess
number of chemical contaminants that can be assimilated
by food crops (Médrus 2002, Lillenberg et al. 2010, Nei et
al.2011). However, sewage sludge compost is rich in min-
erals (McLaren and Smith 1996), enabling a long-lasting
supply of these minerals for the fast growth of plants.
Chemical contaminants are expected to be consumed from
compost by forest tree plants and accumulate in their
timber, enabling pollutants to be drawn out of circulation
(Lopez et al. 2014). The amount of compost needed to fill
the planting holes is remarkably smaller and is expected
to pose a less significant threat of components leaching
into groundwater compared with the method of mixing
the upper layer of the peat soil with a sewage sediment
compost in afforestation (Pikka 2005). According to Valluru
etal. (2010) even tiny amounts of P application (equiva-
lent to 125-500 grams of phosphorus per hectare) close
to root systems of pearl millet seedlings enhanced estab-
lishment under P-limiting conditions.

To increase its survival, it is important for a tree seed-
ling to maximise its dimensions (stem height, root length
and leaf size) as fast as possible after being planted into
the destination ground. Large dimensions enable the ex-
ploitation of a sufficient growth area necessary for the

future development of the tree. While the seedling is small
in its dimensions at the moment of planting and has lim-
ited resources to spend on growth, every possible sup-
port that can be provided gives it a competitive edge
over the surrounding weeds.

When plants have to spend less energy in penetrat-
ing their roots through thick soil, more energy remains
for other vital expenditures like growing larger and more
leaves. Larger total leaf area (more and larger leaves) in
turn enables higher solar energy assimilation to support
overall growth. The Leaf Area Index (LAI) is a more accu-
rate indicator for describing plant growth than the length
of the longest leaf. In this work, however, the longest
leaf length as the growth speed-indicating parameter was
used because it is the easiest to measure.

The compost doses do not support randomly situ-
ated weeds as much as the tree seedlings that are planted
directly on top of the compost portions because the tree
seedlings have a shorter distance to cover to reach the
compost doses than do the weeds. The compost por-
tions under the peat surface cannot be washed away by
runoff water from springtime snowmelt. That reduces
environmental risks.

Forestry regulations may require reforestation of an
adjacent clearcut area before next clearcut is allowed. The
reforestation requirement may state the number of trees
per hectare and the minimum average height they should
reach for an area to be considered reforested (Mairus
2006). The minimum height requirement, in particular,
necessitates fast, firm and supported growth of planted
seedlings. High seedlings (two or more years old) can be
planted in order to meet the height requirement immedi-
ately, but the relatively small root systems of nursery-
grown seedlings require a nutrient-rich soil solution to
support crown growth. The current method can thus be
especially helpful for supporting the early growth of tree
seedlings in all unfertile but moist soils.

Economically it may be profitable to start the new
forest generation as soon as possible after clear cutting
and to speed its growth through the help of compost
dosages to gain the maximum timber yield per year.

The general aim of the study was to test a method to
achieve fast revegetation of cutover peatlands in a near-
city landscape, where the natural revegetation process
was hindered by a lack of some nutrients. The first ac-
companying aim was to find a near-city recycling option
for composted city sewage sediment (industrial waste)
to lower its recycling cost. The second accompanying
aim was to create artificial composite soil that enables
forest trees’ fast growth for timber usage in the same
city. In cutover peatland, there is an abundance of water
and in compost there is an abundance of nutrients. To-
gether, the two substances can support plants’ growth
remarkably.
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The wider aim of the work was to create a reforesta-
tion method for water-sufficient forest areas near cities
that are currently without significant economical produc-
tion due to a deficit of some nutrients. These areas can
be put into faster wood production by using the described
method. Near cities the transportation costs for the com-
post to the growing site and for the wood back to the city
would be relatively small due to short distances. Low
transportation expenses can add economic viability to
the method.

The hypothesis was developed that all the measured
parameters that indicate growth speed of the seedlings
(stem height growth, root horizontal and vertical growth,
and the longest leaf length) will be improved with each
treatment (compost, fertiliser and drilled planting hole).

Material and Methods

A planting test for afforestation of cutover peatland
using sewage sludge compost was performed in the year
of2015.

General description of the cutover peatland test site

The test site is situated in the centre of Estonia, 30
km west from Tartu with coordinates N: 58°17’; E: 26°14”;
altitude: 37 m above sea level (Figure 1).
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Figure 1. Location of the test site

The test site was located on a depleted peat field
(cutover peatland) that was most recently used 10 years
ago, for producing peat for energy. The test site was a
flat, levelled surface, mainly free of vegetation. The main
weed species was the sparsely growing common reed
(Phragmites australis Cav.) at the southern end of the
test site. The soil upper layer, approximately 5 cm thick,
was loose milled peat; the underlying peat layer was a
thick, dark, moderately decomposed peat deposit with
sparsely scattered softened tree trunk remains in its

deeper part. The average depth of the peat layer was 150
cm (in the range of 110-250 cm). Under the peat layer was
a yellowish-bluish clay layer that contained limestone
grains. Remains of peat drainage ditches (with 40 m inter-
vals) were merely twenty cm deep with willows and reed
growing in rows in the locations of the ditches. The level
of the groundwater changed during the test period from
40 cm in June and 95 cm in July to deeper than 100 cm in
August and September. The nutrient content of the test
site peat is shown in Table 1. The test site was exposed
to direct sunlight throughout the day during the grow-
ing season.

The precipitation amounted to 291 mm and the sum
of the effective temperatures (average day temperature
over +5°C) was 1477°C during the period of 01 May-31
October 2015 as per information from the nearest weather
station in Rannu-Jdesuu (N: 58°23°08”; E 26°08°03”; alti-
tude: 33 m above sea level).

Compost

Compost was prepared from city sewage sediment
by Tartu Veevirk AS, the local waterworks company
(www.tartuvesi.ee). The process comprised heating the
sediment for hygienisation at 70 °C for an hour followed
by anaerobic digestion at 37 °C for 21 days with methane
production. In the following composting process, the
sludge was mixed with peat (in a volume ratio of 1:1) and
allowed to decompose in stacks; mixing took place once
a week for six months (Toomiste 2015). The peat mixed
with sludge was a combination of different peats origi-
nating from several peat mines, all with low pH and low
nutrient content. The mixed peat had been stacked for
approximately 25 years in a near-city open storage yard
and therefore was well decomposed (Vares 2016). The
compost had 30.5% of dry matter content and an average
specific gravity of 1 g/cm?’. The concentration of nutri-
ents in the compost in Table 1, and the heavy metal con-
centrations in Table 2 are given in comparison with the
allowed limit values.

The soil and compost samples were analyzed for
chemical indicators as follows:

pH, ., (pH in KCI solution) and total nitrogen (N)
were determined with the Kjeldahl method; available phos-
phorus (P) content, potassium (K) and calcium (Ca) were
determined with flame photometry (AOAC 1990); magne-
sium (Mg) was determined by flow injection analysis
(ASA and SSSA 1982), and soil organic matter content
was determined with the method of loss on ignition
(Schulte 1995). According to the existing classification
(Raudvili and Kanger 1996), the compost was with high
P and Ca content. In Table 1 are enumerated the results
of analyses.

Also, compost samples were analysed for trace ele-
ments as follows: zinc (Zn), copper (Cu), chromium (Cr),
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nickel (Ni), lead (Pb), arsenic (As) and cadmium (Cd) were
determined with the standard methods described in Eu-
ropean Standard 13657 (EVS 2003) and ISO 11047:1998
(ISO 1998), and mercury (Hg) was determined with the
standard method described in European Standard 13806
(EVS 2002). Table 2 lists the results of analyses.

Planting material

Three types of broadleaved bare-rooted planting
material were used: 452 one-year-old black alder (4/nus
glutinosa (L.) Gaertn.) seedlings, 296 two-year-old black
alder seedlings and 304 one-year-old silver birch (Betula
pendula Roth) seedlings were planted into cutover

Table 1. Concentration of nutrients in

. Substrate pHkcL Nitrogen Phosphorus Potassium Calcium  Magnesium Organic
the sewage sludge compost (in absolute % mg kg™! mg kg™! mg kg mg kg matter %
dry matter) used for filling the planting Compost 5.85 2.82 4880.70 1004.65 4253.00 2345.10 50.25
holes in the peat on the test site and i

ne p L feain depth 5,13 2.78 5.58 2690  11189.90 112310 70.22
concentration of nutrients in the peat (0- -10em
10 cm and 40-50-cm-deep peat layers) Fealindepth 528 2.96 3.01 11363 1129840 127400 71.27
Table 2. Concentrations Lmitvaiwe  peatland. All the seedlings were grown in the local RMK
. Element mg kg 1 o
of heavy metals in the mg kg Tartu Tree Nursery (RMK 2015) from certified seeds. All
sewage sludge compost  Chromium 5312 8.0 1000 the seedlings were planted manually during the period
used 1ndc11}rr ent pllantmlg Copper 125+ 31 1000 03-13 May 2015. Each of the three planting material types
test and limit values al- Zi 397 +99 2500 s . .
lowed ding t Areenic <01 N/A was divided into four groups. Each group was planted in
owed according to cur- ) : . .
rently valid reggulation ,\CAadmlum 041:2-8 062 fg one row according to one of the methods described be-
s ercury . 0. . . .
Lead 18.4 + 4.6 750 low. The rows were arranged side by side and approxi-

both in absolute dry
matter (Mddrus 2002)

Fertiliser

For comparison with the growth-enhancing effect of
compost, two test series of seedlings with fertiliser addi-
tions were also planted. The fertiliser was produced by
Yara Suomi OY (Yara 2015), product name “Yara Puutarhan
PK 3-5-20-13 (with low chloride content)”. The applied
multicomponent fertiliser was specially designed for us-
age on peat soils and contained a variety of micro-
nutrients. The list of components of the fertiliser is given
in Table 3.

mately 2 meters apart.

Planting

The first group of seedlings was the control group.
The seedlings were planted without treatment directly
into unprepared peat. Planting holes were dug manually
with a planting shovel preparing the planting hole for
each seedling with a size sufficient to fit the roots of the
seedlings into the peat.

The second group of seedlings was planted into
drilled holes filled with sewage sludge compost. The
holes were 20 cm in diameter and 50 cm deep and drilled

Table 3. Nutrients in the fertiliser that

. . . Element Gravimetric Element Gravimetric Element Gravimetric Element Gravimetric
was used in planting of the third and %
fourth test groups of seedlings Nitrogen 3.2 Magnesium 3 Copper 0.03 Zinc 0.02

Phosphorus 5 Sulphur 13 Manganese 0.03 Selenium 0.001
Potassium 20 Boron 0.01 Molybdenum 0.01

Note: The data was provided by the producer of the fertiliser (Yara 2015).

A comparison of amounts of active nutrient ingredi-
ents given to test seedlings with compost and with ferti-
liser is given in Table 4.

Table 4. Comparison of amounts of active ingredients in the
fertiliser and in the compost added to seedlings during planting

Amounts of active ingredients in: Amount of active

" Compost, ingredients in 13.5

ﬁ,‘;‘:giem Fertiliser, C‘:“_E%s" Fertiliser,  gin Ho5 litres of compost
gkg? 9X9 %Y 4in30g litres (30%  comparedto30g
matter drymatter) _of fertiliser (times)

Nitrogen 32 28.2 0.96 116.1 121
Phosphorus 50 4.8 1.50 19.8 13
Potassium 200 1 6.00 4.12 0.69
Magnesium 30 2.3 0.90 9.47 1
Copper 0.3 0.1 0.01 0.41 46
Zinc 0.2 0.4 0.01 1.65 275

using a Stihl BT 121 soil auger. The volume of each hole
was approximately 15.7 litres. The holes were filled with
the above-described sewage sludge compost, leaving
approximately 5-10 cm of unfilled space at the top for
seedlings roots (2-2.5 litres). In calculations, the volume
of the compost was rounded to 13.5 litres. The specific
gravity of the compost was close to 1 g / cm’, its dry
matter content was 30.5%, and the organic matter con-
tent in dry matter was 50.25%. Therefore, the dry matter
content in one compost filling was around 4.1 kg and
mineralized, and the readily available percentage for plant
assimilation was hence 49.75%, thus approximately 2 kg
of dry matter.
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During planting, the roots of the seedlings were sur-
rounded with the same peat that was drilled out. Only a
few roots were left directly in contact with the sewage
sludge compost; most of the roots were surrounded with
back-filled peat. Contact of most of the roots with the
compost was avoided because of the existing risk that its
very high content of phosphorous and potassium could
have inhibited root growth. According to former studies
(Fohse and Jungk 1983, Zia et al. 1988), high P and K
contents in the sewage sludge compost can inhibit
growth of roots and the entire plant, when roots are put
in direct contact with it. The drilled-out peat with low P
and K content peat (see Table 1) was used to form a
buffer between most of the roots and the compost.

The third group of seedlings was planted into drilled
holes that were the same size as those for the second
group, but the holes were back-filled only with the same
peat that was drilled out, and 30 grams of multicomponent
fertiliser was added. The purpose of the third group was
to compare its height growth results with the second
group to test if the sewage sludge compost additions
give an advantage compared with fertiliser additions. The
goals of back-filling were: a) to allow better aeration for
seedlings roots in naturally densely compacted peat, in
expectation that roots would grow deeper inside the
holes; and b) to enable easier and faster planting into
pre-prepared soft peat. In order to make sure seedlings
had the needed nutrients, approximately 30 g of PK ferti-
liser with microelements were inserted in peat soil-poked
holes. Only one hole, 10 cm in the southern direction
from each stem and 10—15 deep, was poked for each seed-
ling. The deep-placement spot-fertilizing method is taken
from orchard gardening, where it is used to fertilize al-
ready growing trees at their root levels without disturb-
ing root systems (Watson 1994, Lin et al. 1996). This
method is also used in afforestation (Koch and Pickersgill
1984, Vavticek et al. 2010) and for growing rice
(Hasanuzzaman et al. 2012, Rahman and Barmon 2015).

The fourth group of seedlings was planted into un-
prepared soil like the first group. The only difference
from the first group was that the same fertiliser was
added in the same way (also 30 grams) as with the third
group. The purpose of the fourth group was to compare
its height growth results with the third group to test if
the deeper planting holes with expectedly better root
aeration accelerate seedling growth more than fertiliser
without improving root aeration.

Watering

All of the seedlings were watered immediately after
planting with approximately one litre of water to avoid
root desiccation when planted into a peat mix that had
partially dried in the sun. No other watering was made
after planting.

The volumetric water content (VWC) of the soil was
measured with a Fieldscout TDR 300 (time domain
reflectometry) soil moisture meter using 200-mm long
measuring rods. Measured space inside the soil was an
elliptical cylinder with the longest diameter of 10 cm and
a depth corresponding to the length of the measuring
rods according to the tool manual. Measurement points
were 10- and 100-cm distances from seedlings stems. The
10-cm distance measurement points were chosen to be
as close to the tree stems as possible to describe water
status in the area of the greatest amount of root mass
after planting. It was not possible to measure close to the
stems without injuring the roots. Volumetric water con-
tent values were measured on 05 June, 12 July, 12 Au-
gust, and 13 September 2015.

Weeding

The test site was relatively free of weeds through-
out the growing season. In order to gain uniform vegeta-
tion conditions throughout the test site and to reduce
the probably moderate shadowing effect of the growing
reed in the southern part of the test site, the reed and
other weeds were cut on 25 July using a clearing saw. No
other weeding was done during the vegetation period.

Measurements and statistical analysis of results

The seedlings’ height growth was monitored by
measuring their height with a measuring tape with 1-mm
accuracy. For the first time, the height measurements were
made after planting on 28-29 May 2015, when the seed-
lings were already rooted and the starting point of the
new shoots was clearly distinguishable on the stems.
The second height measurements were made after the
height growth of the trees had stopped on 20 September
2015. The annual height growth for each seedling was
calculated as the difference between the first and the
second height values. All the seedlings with animal
browsing damage were excluded from the data. All nega-
tive annual growth heights (diebacks) were also excluded
from the growth height analysis.

The number of seedlings excavated for root measure-
ments comprised 24 seedlings of two-year-old black al-
ders, 40 one-year-old black alders, and 40 silver birches
(104 seedlings in total). The trees were taken equally from
each treatment group. Root lengths were measured at the
horizontal level in four directions (the main cardinal points
N, E, S, and W) and in the vertical direction. All the root
lengths were measured from the root collar to the root
tips. Average horizontal root length for each seedling
was calculated based on the lengths of the four roots.
The depth of the uppermost root layer, where the longest
horizontal roots were situated, was in the range of 5-11
cm from ground level. For measurement of roots, the up-
per layer of the peat was removed and the longest roots
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in the cardinal directions were measured. For root depths,
a vertical half-circle hole was dug under the seedling fol-
lowing the deepest root of the seedling. All root lengths
were measured with a measuring tape.

From each tree, one leaf was picked that was esti-
mated to be the longest leaf blade. Leaf lengths were
measured on millimetre paper. The leaves were picked on
22 and 24 October 2015, when most trees still had leaves
attached. Only some silver birch control seedlings had
lost their leaves.

Statistical analyses were performed with MS Excel
2013 software. Two sample #-tests assuming unequal or
equal variances were chosen according to F-test results.
T-tests were used to test the effect of planting methods
on seedling growth parameters. All statistical tests were
considered significant at the level of p < 0.05.

Results

The promoting effect on the growth of the seedlings’
dimensions that was proposed in the hypothesis appeared
the most clearly in the case of silver birch seedlings treat-
ment groups. The dimensions’ growth decreased in the
following order: compost treatment, fertiliser-in-hole
treatment, only-fertiliser treatment, and control. The se-
quence is apparent in the case of stem height, vertical
root growth and leaf size (Figures 2-4). The growth dif-
ferences were significant, at least at the p = 0.05 level in
most cases, except between the fertiliser-in-hole treat-
ment group and the only-fertiliser treatment group, where
the differences were not significant. For significance lev-
els, see Tables 6 and 7.

The treatments’ growth-promoting effect can also
be seen in both the black alders’ longest average leaf
lengths and the one-year-old black alders’ vertical root
depths. It seems that black alders are less sensitive to
the treatments than silver birches.

Height growth

Height growth of compost-treated silver birch seed-
lings was significantly (p < 0.001) higher (73 cm) than
fertiliser-treated seedlings (56 cm with hole and 55 cm
without hole). The finding suggests that when planting
silver birches in peat it is advisable to fertilise them with
sewage compost rather than applying mineral fertiliser.
Compost-induced improvements in height growth were
weak for one-year-old black alders (+ 3 cm) and missing
for two-year-old black alder seedlings (-1 cm) compared
to the fertiliser-in-hole treatment group.

Differences in annual average height growth were
significant between most series of two-year-old black
alder seedlings except with the compost and fertiliser-in-
hole treatment groups.

With one-year-old black alder seedlings, annual av-
erage height growth differences were significant between

the control group and the rest of the treatment groups,
and between the compost and fertiliser-only treatment
groups. With one-year-old silver birch seedlings, all treat-
ments gave significantly different average annual height
growth results except between the fertiliser-in-hole and
fertiliser treatment groups (Figure 2).

According to Figure 2 and Table 5, remarkable height
growth improvement (30-33%) was achieved with com-
post treatment for silver birch seedlings compared to fer-
tiliser treatments.

Root lengths

Roots’ annual growth was calculated by subtracting
average initial root length at the time of planting from
final root length. The average initial root lengths were 10
cm in the vertical and horizontal direction for all seed-
lings, except for the one-year-old black alder seedlings,
which measured 5 cm in the horizontal direction.

In the vertical direction, the root lengths increments
were significantly shorter in all of the control groups
compared to almost all of the test groups with all three
types of tested planting material: one- and two-year-old
black alder and one-year-old silver birch (see Table 6).
Compost treatment resulted in significantly deeper roots
compared to the other treatments with silver birches. The
roots of all of three types of excavated test seedlings
with compost always grew to the bottom of compost-
filled holes (50 cm deep) and deeper in most cases. The
result raises the question of how deep the roots might
have grown if deeper holes had been dug.

In the case of the fertiliser-in-hole treatment, the roots
of 7 out of 26 excavated seedlings from all three seedling
types did not grow to the bottom of the 50-cm-deep holes.
In the fertiliser-only treatment group, the roots of 11 out
of 26 of the excavated three types of seedlings did not
grow to the 50-cm depth level. The back-filled peat was
remarkably softer compared to the surrounding unspoiled
peat layers, and hence the roots must have penetrated it
more easily.

In the horizontal direction, all silver birch test groups
showed significantly longer root growth compared to the
control group, and the compost group had significantly
longer horizontal roots increments (122 cm) compared to
the fertiliser-in-hole group (94 cm), (Figure 3, Table 6).
Contrary to expectation, the seedlings treated only with
fertiliser had a 102-cm-long horizontal root length incre-
ment on average. The root systems of seedlings in the
fertiliser-in-hole treatment group were distributed a little
deeper instead of growing in the horizontal direction. In
all test groups of silver birches, the roots grew to around
half of the 2-meter distance between seedlings (122, 94,
and 102 cm), covering most of the peat area, and made
colonisation of other plant species more difficult.

In the case of horizontal root growth of one- and
two-year-old black alders, significant differences were
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Annual average stem height growth (cm)
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Control Comp. Fert+hole Fert Control Comp. Fert+hole Fert
Black alder 2 year old seedlings Black alder 1 year old seedlings
HAverage 13 30 31 24 8 16 13 13
SE 1 2 2 1 0 1 1 1
Number 72 75 71 66 110 112 108 108

Table 5. T-test p-values comparison table for differences
significances of average stem height growth. P-values < 0.05
are shown in bold

Black alder2y Black alder1y Silver birch1y

Control

Compost <0.001 <0.001 <0.001
Fertiliser in hole <0.001 <0.001 <0.001
Only fertiliser <0.001 <0.001 <0.001
Compost

Fertiliser in hole 0.852 0.063 <0.001
Only fertiliser 0.004 0.035 <0.001
Fertiliser in hole

Only fertiliser 0.001 0.619 0.629

seen between control and compost treatments. Differ-
ences were also significant between control and ferti-
liser-in-hole treatments in the case of one-year-old seed-
lings.

Leaf'lengths

There was a significant difference between the long-
est leaf lengths of the control and test groups. The com-
post-treated seedlings’ longest leaves were also signifi-
cantly longer than with both fertiliser-treated seedling
groups in the case of the one-year-old black alders and
silver birches. In all the seedling groups, a trend in leaf
length, from longest to shortest, for treatments was de-
termined as follows: compost > fertiliser-in-hole > ferti-
liser > control (Figure 4, Table 7).

Weeding
In the current work, in most cases (96%) neither sew-
age compost fillings nor the spot-applied fertiliser caused

Figure 2. Annual average

height growth (cm) of seed-

lings with different treat-

_I— ments. Error bars represent
standard errors, and the num-
bers represent successfully
grown seedlings in each se-
ries. Abbreviations: Control
denotes control seedlings
planted without treatment;
Comp. denotes test seedlings
planted into compost-filled
hole; Fert. + hole denotes
test seedlings planted into
back-filled 50-cm deep, 20-
cm in diameter holes with
spot-applied fertiliser; Fert.

ﬂ denotes test seedlings with
only spot-applied fertiliser;

SE denotes standard errors of
average height growth (cm),

Control Comp. Fert+hole  Fert.
Silver birch 1 year old seedlings

13 73 56 55
1 2 2 2 error bars on graph represent
72 77 74 77 standard errors; Number de-

notes the number of seed-
lings measured

weed growth around the seedlings. In 2% of the cases
the weeds grew high enough to create competition for
light with the tree seedlings (they were as high or higher
as the seedlings). All the competing weeds were cut once
during the vegetation period, on 25 July. Another weed-
ing was not observed as necessary.

Volumetric water content (VWC)

The average VWC values near the seedling roots
(10 cm from stems) were always significantly smaller than
when measured in equal distances between stems (one
meter from stems), see Figure 5.

Figure 5 shows two overlapping influences on peat
soil volumetric water content. Water content reduction
appears 10 cm from the seedlings (columns marked with
“A”): 1) due to seedlings’ transpiration and 2) a reduced
amount of absorbed water in loosened peat soil in drilled
planting holes (in the cases of the compost and fertiliser-
in-hole treatment groups). In the case of the control and
fertiliser treatment groups, the influence of loosened peat
soil around seedling roots was smaller to the measured
results. This was due to their only 5—10-cm deep manu-
ally dug planting holes, which contained a smaller amount
of loosened peat.

Volumetric water content was remarkably lower, be-
ing 18-28% 10 cm from the stems of the compost and
fertiliser-in-hole treatment seedlings with all types of
planting material compared to 42—49% measured 100 cm
from stems. In comparison, while there were no drilled
holes for the control and fertiliser-only treatment groups,
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Annual average horizontal and vertical root growth (cm)
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Figure 3. Comparison of the
average root length growth
(cm) in horizontal (H) and
vertical (V) directions. SE
denotes standard errors of 0
average root length (cm), er-
ror bars on graph represent
standard errors; Number de-
notes the number of seedlings
measured
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their volumetric water content was higher (35-43%) 10
cm from the seedling stems from June till September. Water
consumption caused by the seedling roots significantly
reduced water content near the stems in all tested seed-
ling types and groups compared to peat at a distance of
100 cm from the tree stems.

Discussion and conclusions

In the current test, significantly higher height growth
of silver birch seedlings was achieved with city sewage
compost compared to multicomponent fertiliser. Though
the test was performed during only one growth season,
the afforestation height requirement of 1 m (Maérus 2006)
was achieved with compost application. Similar high stem
height growth results have been achieved in previous
studies with sewage sludge on cutover peatlands (Gra-
deckas et al. 1998, Pikka 2005). In another afforestation
test, usage of sewage sludge for establishing forest on
sand dunes gave a remarkably positive stem height growth
effect, when the sludge was similarly inserted into holes
(with dimensions of 40 x 40 x 40 cm) and covered with
sand before planting. Sludge doses of 3—4 kg per plant-
ing spot (6—8 t ha' dry matter) were the most effective
and using sludge as mulch on a sandy soil surface less
effective (Kaposts et al 2000).

Blackalder 2 year old seedlings
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Table 6. T-test p-values comparison table for significant dif-
ferences of average root length growth (coarse and fine roots
together). P-values < 0.05 are shown in bold

Black alder 2y Black alder 1y Silver birch1y
Horizontal  Vertical Horizontal ~ Vertical  Horizontal ~ Vertical
Control
Compost 0.023 <0.001 0.024 <0.001 <0.001 <0.001
Eelftiliserin 0.114 0.069 0.005 <0.001  <0.001  <0.001
ole
Only fertiliser 0.149 0.002 0.057 <0.001 <0.001 0.003
Compost
Eelﬂi'iser in 0.812 0.010 0.720 0.240 0.015 0.043
ole
Only fertiliser 0.824 0.410 0.434 0.004 0.198 0.010
Fertiliser in
hole
Only fertiliser 0.981 0.076 0.180 0.302 0.587 0.230

If the peat layer was shallower (50 cm for example),
then the compost-filled drill-holes helped the vertical
roots to grow into the mineral soil underneath (see Fig-
ure 3) because the vertical roots reached to that depth on
average compared to most other treatments. Interestingly,
the vertical roots of fertiliser-only treated two-year-old
black alders also reached a depth over 50 cm but not the
roots of fertiliser-in-hole treated seedlings. It would have
been interesting to test with deeper drill-holes to see how
deep the compost-filled drill-holes could help to extend
vertical root growth. For the trees growing in peat, it is
beneficial to extend their roots into the mineral ground

N 2017, Vol. 23, No. 3 (46) I 1sSN 2029-9230

651



BALTIC FORESTRY

[ PRELIMINARY ASSESSMENT OF AFFORESTATION OF CUTOVER PEATLAND /.../ . JARVIS ET AL.

Aweragel on gest leaf length (mm)
90

85
80
75
70
65
60
55
50

45

AN\ N\\&

.
Control

Fert.

Comp. Fert. +hole

)

Control Comp. Fert. +hole

Blackalder 2 year old seedlings Blackalder 1 year old seedlings

W Average 52 86 83 80 44 72 67 5i
£ 1 2 2 2 1 2 2

Number 61 73 74 68 105 0! 0

-

G
-
I

0

G

Table 7. T-test p-values comparison table for significant dif-
ferences of average longest leaf lengths. P-values < 0.05 are

shown in bold

Black alder 2 y Black alder 1y Silver birch 1y

03 05

Figure 4. Comparison of the
average longest leaf lengths
(mm). SE denotes standard er-
rors of average longest leaf
(mm), error bars on graph rep-
resent standard errors;
Number denotes the number of
leaves measured

Comp. Fert. +hole Fert.
Silver birch 1 year old seedlings
45 83 68 67
2 1 2 2
38 75 58 69

Control

under the peat, which is richer in minerals compared to
the peat. If the roots do not reach any other source of
mineral nutrients, then the trees remain dependent on
added nutrients.

In order to direct vertical roots into deeper soil lay-
ers, mineral fertiliser was also tested with and without
drill-holes. Slow-moving and slow-dissolving P and K
nutrients were put into the soil into trees’ root zones for
better assimilation from tree roots and in order to prevent
weed proliferation, which may occur if fertiliser is spread
on the ground under the trees (Huotari et al. 2007). In-

Average volumetric water content (%) in peat measured (A) 10cm and (B) 100 cm from stems of one-year-old black alder seedlings
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Figure 5. Comparison of volumetric water content (%) shows water removal by seedlings from stems’ close vicinity in
peat soil. Numbers in front of A and B indicate the month of the measurement (for example, 7 indicates July). SE denotes
standard errors of average volumetric water content measured in peat (%), error bars on graph represent standard errors;
Number denotes the number of measurement points
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serting fertiliser into one spot in the soil is also techni-
cally easier than mixing it uniformly with the soil. The
roots of trees tend to surround the spot-inserted ferti-
liser ration and get nutrients from the vicinity of the fer-
tiliser spot in a water-dissolved form. It would have been
interesting to test if mixing mineral fertiliser uniformly
into back-filled holes (Lin et al. 1996) in peat would have
prolonged roots’ vertical growth compared to spot-ferti-
lising. Plant roots have plastic reactions to heterogene-
ous supplies of nutrients in soil (Hodge 2003), therefore
the shape of the nutrient-rich soil-space under the plant-
ing spot may affect the shape of the plant root system.

The sizes of the leaves describe nutrient availability
for the plants (Miiller et al. 2000, Niinemets et al. 2002).
Their reduced size can be caused from reaction to lack of
potassium (Jordan-Meille and Pellerin 2004) or lack of
phosphorus (Fletcher et al. 2008). When leaf lengths of
the untreated and test seedlings were compared, the dif-
ference was significant. One-year-old black alders’ leaf
sizes differed significantly among all the treatment groups
(see Table 7). Granier and Tardieu (2009) claim that plant
leaf sizes are indicators of many environmental stresses;
in addition to lack of nutrients they can also react to
salinity, low light, or water deficiency. In the current study
the leaf size of one-year-old black alder seedlings reacted
significantly positively to compost, having the longest
length among the test groups (72 mm). Loosening soil
around the roots of the fertiliser-in-hole seedlings re-
sulted in a length of 67 mm, while the fertiliser-only treat-
ment resulted in an average leaf length of 58 mm. The
effect might be due to the improved respiration of roots,
seedlings’ lower energy consumption when growing their
roots in less dense peat soil, or a combination of both of
these factors. In comparison, control seedlings had an
average leaf length of only 44 mm.

The current planting method with below-ground spot-
applied compost and fertiliser shows less need for weed-
ing compared to the method of mixing the upper layer of
soil with a surface-applied sewage sediment layer for af-
forestation (Pikka 2005). In this case, it was necessary to
weed every month. In the current test the sewage sludge
was thermally treated for an hour before composting at
70°C, so any seeds in it lost their ability to germinate.

There is always a seed pool of ruderal plant species
(seeds of weeds) available on cutover peatlands. The
seed pool can germinate in improved moisture conditions
as described by Triisberg et al. (2013) or in the case of
improved nutrition availability (Huotari et al. 2007). In
the current test the loose and relatively dry back-filled
peat seemed to isolate the seeds of weeds from compost
and spot-applied fertiliser. No remarkably higher occur-
rence of weeds in compost or spot-applied fertiliser loca-
tions was noticed. A germination test for finding weed
seed occurrence density in peat was not performed.

The current method can be used, when the amount
of compost applied to support seedlings growth is lim-
ited per hectare due to environmental restrictions (Méaarus
2002). For example, the sewage sludge compost can con-
tain some amount of heavy metals, which limits its usage
(tonnes per hectare). The current method enables easy-
to-measure application volume per hectare due to meas-
urable dosage through the drill-holes’ dimensions and
their number per hectare. In addition, the compost por-
tions are placed directly under the roots of the seedlings
and are used up as the seedlings grow. Quick usage of
compost with high nutrient content reduces the risk of
the nutrients being displaced by soil water into other
(protected) areas that may be sensitive to it (Dyderski et
al. 2016).

This method can also be used in forestry for quick
reforestation of clearcut areas. The need for quick and
reliable reforestation comes both from regulations and
economic need.

The sewage sludge compost used in the current study
may cause lack of potassium for growing seedlings. In
Table 4 the amount of potassium in the compost filling
was around four grams. According to Uri et al. (2003) the
above-ground part of an average grey alder seedling used
around three grams of potassium during the first four
years of growth. If a similar consumption rate is expected
from black alder and silver birch species, a need for addi-
tional potassium will arise in the fifth year of growth.
One possible solution for the elimination of the potas-
sium depletion problem is to add wood ash to the sewage
compost (Lazdina et al. 2013). Wood ash is a plentiful
source of potassium (Huotari et al. 2008, Parn et al. 2009,
Mandre et al. 2010, Kikamégi et al. 2013) that enables
remarkable results in seedling growth in afforestation.

It is advisable to perform a test application of sew-
age compost and wood ash together on cutover peatland
in afforestation. If it is necessary to insert ash and com-
post separately into the planting holes, ash should be
inserted into the bottom of the planting holes, not on top
of compost, in order to prevent a thick, impenetrable layer
of hardened ash from forming (Neuschiitz et al. 2006,
2010).

An additional reserve supply of the compost can be
added between plants into the same size drill-holes as a
reserve for the plants for their further usage, when plant
roots grow in length and extend to the reserve compost-
filled drill-holes. An additional reserve compost supply
inserted at the same time of planting may reduce long-
term operational costs in growing forest on cutover
peatland. When this is done, the allowed limits must be
followed (Méérus 2002).

Hazardous components that exist in planting-applied
sewage sludge compost have been studied in the current
test and were found to be below regulatory pollution
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thresholds, particularly heavy metals (Médrus 2002,
Galbally et al. 2013, Nogueira et al. 2013). Some pharma-
ceutical residues like antibiotics (fluoroquinolones and
sulphonamides) tend to decompose during composting
(Lillenberg et al. 2010, Haiba et al. 2013).

Achieving faster growth of dimensions, as with the
sewage sludge compost-treated silver birch seedlings
most noticeably, leads to seedlings’ quicker proliferation
and their ability to occupy the soil between themselves
and the space above ground faster, leaving less room for
weeds to compete. Faster initial growth therefore ena-
bles faster and firmer afforestation.

Conclusions

The hypothesis was proved in many cases that the
measured parameters that indicate the growth speed of
the seedlings (stem height growth, roots’ horizontal and
vertical growth, and the longest leaf length) can be im-
proved with the following treatments: sewage sludge
compost, and fertiliser and drilled planting hole. Silver
birch seedlings were more sensitive to the treatments
compared to black alder seedlings.

In the current afforestation test, the afforestation
criterion (1 m stem height) according to the currently valid
regulations was achieved with one-year-old silver birch
seedlings in only one growing season. However, with
black alder one- and two-year-old seedlings, the goal was
not achieved.

The results of the current study suggest that sew-
age sludge compost acts as a firm height growth accel-
erator. It can be suggested for spot application in plant-
ing silver birch seedlings on cutover peatland because
its height growth-promoting effect achieved in the test
(73 cm) was significantly greater (30 and 33%) compared
to multicomponent fertiliser spot applications (56 and
55 cm).

According to the preliminary results described in the
current work, it is justified to utilise sewage sludge com-
post with the spot application method in afforestation.
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