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Abstract. The aims of the research work were to evaluate increase of productivity of Salix energy crop and forest planta-
tions by using sewage sludge fertilization, impact of sewage sludge on the environment, and to calculate economic income
from plantations. The most important problem during the first rotation cycle in willow plantations was weed control. After
using sludge weeds grew up, because sludge contains large amounts of nutrients. After cutting of sprouts in the second
growth season willow plantations produce more sprout from stand, and productivity increases from 0,2-0,6 t to 4,6-5,5 t
of dry mass/ha. Effect of sewage sludge fertilization is greater in the second season both in control plantations and fertili-
zed plantations. Average biomass production in fertilized plantations was 5,5 t of dry mass/ha per year. Shoot wood from
fertilized plantations contained on the average by 4-8 % more heavy metals than control plantation wood. The concentra-
tion of heavy metals in the top soil layer increased, but it did not exceed the Regulations issued by the Cabinet of Minis-
ters of Latvia about the soil quality, and the soil cultivation in the first three years was 760 LVL/ha. If the distance were
not longer than 40 km and a willow-cutting combine operated without pauses, costs for cutting, chip crushing and delivery

to consumers would achieve 4 LVL/m>.

Keywords: willows, plantations, energy wood, sewage sludge, fertilization.

1. Introduction

First plantations of energy crop in Europe were es-
tablished in the seventies of the 20 century [13]. Planta-
tions of poplars, alders, birches, but mainly willows are
established as alternative of agricultural production,
sewage treatment and utilization of sewage sludge for
plantation forest fertilization. Productivity of intensive
plantations is 30-40 m’ of wood (10-12 t of dry mass)
per year [5]. During the past few years interest in willow
as an energy crop has been growing in Europe [1].
Willow production has a high net energy output compa-
red, for example, to grain and oil seed production, and its
biomass yield is relatively high [1]. In addition, Latvia is
a natural habitat for willow. Substituting biomass for
fossil fuels in the generation of energy is an important
strategy for the EU in order to minify climate change and
enhance security of supply. For this purpose bioenergy is
promoted through several EU directives as well as natio-
nal policies. Biomass-based electricity is promoted in the
Renewable Electricity Directive which aims to increase
the use of renewable energy sources (RES) to 22 % by
2010 [2].

Latvia, like most European countries, since 2005 had
no laws of using sewage sludge in forestry, now we have
regulations issued by the Cabinet of Ministers No 362
(since 2 May 2006). Now in compliance with the EU Soil

Policy Directive working documents, plantation forests
are one of the most perspective areas of using sewage
sludge and wood ash as fertilizers which have not impor-
tant effect on the environment and allow significant inc-
rease of forest stand productivity.

In 2004 in Latvia 36164 t of dry mass of sewage
sludge were produced. Approximately 7684 t of sewage
sludge were used in farming, the rest was stored [7]. If
stored sewage sludge were used in forestry, especially for
fertilization of plantation forests, almost 2 000 ha of plan-
tation forests and willow crop plantations using such a
sludge for fertilization could be established. In such plan-
tations production of biomass could be 1620 000 tyry mass
per year and 60 000 tgry mass in €nergy crop plantations.

In Ireland if an irrigation rate of 150 kg ha™ N is as-
sumed, 1 ha will treat waste from 120 people. Thus to
treat 10 % of waste water from Northern Ireland would
require approximately 1250 ha of a coppice. This would
reduce costs both for short-rotation willow coppice
growing and their use as vegetation filters. Optimum
proportion by weight of nutrients for a short-rotation
willow coppice where N =100, is N =100, P =14 and
K =72. Mean figures for wastewater show a similar pro-
portional balance of N = 100, P = 18 and K = 64 [12].

In Sweden a recommended dose is 5 t of dry mass of
sewage sludge per hectare per year, which should, if care-
fully managed, cause no adverse effects on the soil,
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groundwater or vegetation. It is assumed that sewage slud-
ge meets the environmental requirements [4]. Willows
from phytoremediation are a potential source of biomass
for bioenergy [16], and ash from biomass production con-
tains nutrients like calcium, potassium and phosphorus that
ideally should be recycled for forest or agricultural soils,
thus closing not only the carbon cycle but also the fluxes of
mineral materials caused by these technologies [16].

Wood ash generated during the combustion of wood
for energy contains both macro- and micronutrient ele-
ments required for plant growth. The most abundant ele-
ments include Ca and K with fair amounts of Mg, Al, Fe,
P and small amounts of trace elements. Nitrogen, inclu-
ding organic and inorganic forms, is present only at low
levels in wood ash because it is volatilized during com-
bustion. Nitrification rates might increase in wood ash-
treated soils, although wood ash itself does not supply
significant amounts of N. Wood ash application increased
soil pH, especially at a 0-10 cm depth. In a 0-10 cm soil
layer, soil pH increased from 6,1 to 6,9 in control soils,
and 7,1 in 10 and 20 Mg/ha treated plots. The increase in
pH was smaller at a 10-20 cm depth, ranging from 6,3 in
control soils to 6,5, and 6,7 in 10 and 20 Mg/ha treated
plots. Extractable P, K, Ca, and Mg concentrations were
higher in wood ash-amended soils than in control soils.
Extractable P concentrations increased linearly with inc-
reasing ash application at a 0—10 cm depth [9].

Measurements of a courser ash fraction indicate that
a large amount of Cd, Pb and Zn present in wood is vola-
tilised during gasification. Optimization of the process
parameters should aim at concentrating most of the heavy
metals in a small ash fraction, achieving low metal levels
in more voluminous ash fractions. Clean ashes then could
be recycled on the soil, and disposal costs for contamina-
ted ashes would be minimised [16].

Baseline values of metals in plants reported by Kaba-
ta—Pendias & Pendias (0,1-2,4 mg/kg Cd; 1-400 mg/kg
Zn, 0,2-2,0 mg/kg Pb and 5-20 mg/kg Cu) [16]. These
ranges represent normal values over a wide variety of plant
species. More specific baseline metal concentration values
in willow wood has rarely been reported for Salix viminalis
of 4,5 mg/kg Cu and 23 mg/kg Zn [11]. Concentrations of
several elements in branch wood Salix. viminalis from
uncontaminated soil were reported to be 1,1 mg/kg Cd,
2 mg/kg Cr, 3,1 mg/kg Cu, 3,3 mg/kg Ni, 0,1 mg/kg Pb
and 9,6 mg/kg Zn [3].

Reed canary grass and SRC were two of the few
bioenergy crops that currently could potentially be grown
north of latitude 65' N. Short-rotation coppices (SRC)
were currently potentially widespread in Europe. They
were predicted to decline from the most southern and
western areas and increase further north, particularly in
latitude 55'-64' N (north UK and Scandinavia), where
they may be able to grow in a further 50 % of the land
area. SRC were also predicted to approximately double
their range in latitude 65'-71' N. SRC and reed canary
grass have the same distribution as they have the same
climate rules (600-2000 mm of rainfall with maximum
temperatures of 38 °C) [15].

At the moment willow plantations in Latvia are es-
tablished mainly for producing cuttings and shoots for
fence production. These plantations were small and loca-
ted around all Latvian farmers who produced fence and
wattles but now are interested in growing willows for
energy production.

Investigation object and methodology

Harvested shoots were planted in a mineral soil in
May of 2004 and 2005. Plantation in Marupe located at

565132,76'N
235839,84'E

was established with Salix viminalis in 2004 and Sven in
2005.
Olaine plantation located at

5649 24, 12'N
2358 08, 76'E

was established with Sven, Tora, Tornhild in 2005.

The shoot length and diameter were measured in
November of 2005 at the end of the vegetation season.
Biomass was calculated as volume of conical frustum:

V= %nh(Rlz +RRy + Rzz),

where R, — top radii; R, — bottom radii; / — height.

The moisture content of wood was determined by
drying in a forced air oven at 105 °C until reaching a
constant weight (LVS ISO 11465:1993).

Ash content was determined by weighing after
ashing at 550 °C during 4 hours in a muffle furnace.

Movbility of heavy metals in soil and above water was
investigated in plantations fertilized with sewage sludge.
Heavy metal content in soil and stems were determinated
by atomic absorption spectrophotometry (AAS).

According to the data of measurement, economic ef-
fect and income from energy crop plantations fertilized
with wastewater sewage sludge and wood ash were calcu-
lated.

2. Results and discussion

Site preparation was started in autumn prior to planting.

Vegetation was then killed by application of Roun-
dup Eko, herbicide. Next spring, immediately before
planting, the soil was harrowed and rolled. Planting was
assumed to take place at an initial density of 12,000 cut-
tings per hectare (Fig 1).

In the spring of 2005 in Latvia prices were about
0,03 EUR per cutting for refined clones, including trans-
port, but cuttings from Sweden were 0,06 EUR per cut-
ting. A possible explanation of this is that the distribution
system was less developed in Latvia than in Sweden.

In the first rotation cycle in willow plantations, like
in birch, alder, pine plantations, the most important pro-
blem was the weed control. After using sludge weeds
grew up double-quick because wastewater sewage sludge
contains large amounts of plant nutrient elements.
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the following spring. Subsequently, harvest to willows
occurs every third year with a yield of 27 t/ha
(9 tary mass’ha/yr).Yields are generally significantly lower
during the first rotation period due to the plant’s need to
develop a root system [1].

In order to achieve the assumed yields, the planta-
tion must generally be located on soils of an average
quality. There were different amounts of nutrients in the
top soil layer of willow plantations (Fig 4).

m Marupe — control
B Marupe — fertilized with wastewater sewage sludge
E Olaine — fertilized with wastewater sewage sludge

Fig 1. Plantation planted in spring of 2004 pHKCI
Plots fertilized with sewage sludge were more gras-
sed but shoots were healthful and green (Fig 2). It is re- K20
commended to fertilize plantations in the second year to
- ' (mg/100g)
reduce costs of weed control in the first year. &
P205
(mg/100g)
NO3
(mg/100g)
NH4
(mg/100g)

Fig 2. Control plot and fertilized plot after weed control

0 2 4 6 8 10 12

Weed control was necessary as weeds could overrun

shoots [6]. Weeding of willows took more time than other
species in a similar area (Fig 3).

Fig 4. Amounts of main nutrient elements and pH value
of top soil layer

Better growth conditions were in the plantations of

80 Olaine and Marupe with sewage sludge fertilization
(Fig 4).
50
40
=30
19 18
20 12
, =
0 "
Pine Black alder Birch

Fig 3. Weeding time for different species planted under
similar growing conditions

In the second year after using sewage sludge fertili-
zation deciduous plantations need less weed control and
cultivation. During the next couple of years only mecha-
nical weed control was applied. During the winter after

planting the shoots were cut back in order to promote the Fig 5. Plantation established in 2004 after the first season
growth of several vigorous shoots from each plant during in autumn
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Willow plantations after cutting of sprouts in the se-
cond growth season produce more sprouts from stand
(Fig 5, 6). Effect of sewage sludge fertilization is greater
in the second season (Fig 7).

Fig 6. Sven, Tornhild and Tora in the second season
(2005/06)

Fig 7. Control and fertilized S. viminalis in the second
season (2005)

An average number of sprouts from sprout cutting in
first and second seasons was: Tora — 1,5 and 4,3; Torn-
hild - 1,2 and 5,1; Sven— 1,5 and 4,9; Salix viminalis —
2,3 and 4,3 (Fig 8).

Productivity increases from 0,2-0,6 t of dry mass/ha
to 4,6-5,5 t of dry mass/ha (Fig9). In the first season
Sven shows better growth results (1,3 m3/ha), but Torn-
hild — only 0,3 m’/ha. In the second season after fertili-
zing with sewage 14 t/ha stock of Tornhild is 9,5 m3,
while Sven produces less biomass than Tora and Tornhild
(Fig 9). In the first season Sven shows better growth re-

sults (1,3 m3/ha), but Tornhild — only 0,3 m’/ha. In the
second season after fertilizing with sewage 14 t/ha stock
of Tornhild is 9,5 m®, while Sven produces less biomass
than Tora and Tornhild (Fig 9).

B number of sprouts from cutE&hg) mm @ length of sprout, m

2005 Tora 144

2004 Tora

7 102

2005 Tornhild =H 136

4{;{;{;{;{;{;{;{;{.
A A

51

2004 Tornhild 7,3

2005 Sven

HH 12,5

2004 Sven i 104

Fig 8. Wilow growth in the first and second seasons in
Olaine

In Marupe Salix viminalis a control plantation produ-
ced one ton of dry mass from hectare (tyymass/ha), a fertili-
zed plantation — 5,5 t of dry mass/ha. In the first season
(Sven) there was 0,8 t of dry mass/ha in control planta-
tions, and 1,1 t dry mass/ha in fertilized plantations
(Fig 10).

When excluding fertilization and reducing mechani-
cal weed control, both costs and incomes decrease. In
Poland calculations show that if low external input (LEI)
management is employed, the farmer can afford a yield
reduction of up to 2,3 t/ha/yr (7,5 EUR/MWh) and
1,3 t/ha/yr (11 EUR/MWh), without suffering negative
economic consequences of that decision. The willow
yield must exceed 5,8 t/ha/yr (7,5 EUR/MWh) and
3,3 t/ha/yr (11 EUR/MWh) for the farmer [1].

There was no observed increase in concentration of
heavy metals above water during sewage sludge fertiliza-
tion. Concentration of heavy metals in the top layer of
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soil increased, but it did not exceed the Regulations issu-
ed by the Cabinet of Ministers of Latvia on the soil
quality standards [10, 11].

An average increment of concentration of heavy me-
tals in the mineral soil top layer was 14 %.

Shoot wood from fertilized plantations contained
averagely by 5-4 % more heavy metals than control plan-
tation wood. Stems from control plots contained: Cd —
0,052 mg/kg; Cr and Cu- 0,024 mg/kg; Pb-
0,024 mg/kg; Zn — 11,20 mg/kg of dry mass. The content
of Zn in stems from plots fertilized with sewage was
greater by 5 %, for Cr, Pb and Cu - by 4 %.

B m3 B dry mass tha

) | |
_ I 49
2005 Tora E._.F' PRI TR 198
05
2004 Tora Emzm 4 4
. 4.8
2005 Tornhild Frrmmmmmms RO = @_. 05

2004 Tornhild

Lz
E=2 1
w

‘,
i

2

7

) —————h 46
2005 Sven T T = E" al2

0,6
5291,2

L
i
f

s

2004 Sven

0.0 2,0 4.0 6,0 80 10,0

Fig 9. Productivity of willows in 20042005

Costs of plantations established in Latvia during the first tree years

@ plantation fertilized with wastewater sewage sludge (2004-2003)
Salix viminalis
B control plantation (2004-2005) Salix viminalis

M plantation fertilized with wastewater sewage sludge (2005) — Sven

B control plantation (2005) — Sven

tof dry
mass'ha

numbper Ok

sprouts

sprout
length, m

Fig 10. Effect of sewage sludge fertilization on Salix
growth and productivity in Marupe

There are no huge willow plantations in Latvia, and
costs are higher for pioneer growers. So far willow-for-
energy is grown commercially only in Sweden, occupy-
ing a total area of 14 300 ha in 2003 [14].

Costs of plantation creation and cultivation during
the first tree years in Latvia were 1 081 EUR/ha, inclu-
ding sewage diffusion and ploughing (Table). Costs of
cutting, chip crushing and delivery to consumers reached
3,4 Ls/m? if the distance was not longer than 40 km, and
a willow-cutting combine operated without pauses.

Year Month Activities Costs per ha (EUR)
First August—September grass cutting 50,00
September—October analyses of soil 34,29
October diffusion of sewage sludge (70 t of undried sewage per ha) 150,00
November ploughing 60,00
November planting cuttings (12 000/ha) 342,86
total 637,14
Second April-May herbicides (Basta) (6 1/ha) 95,71
April-May planting 92,86
Juny—August weed control 100,00
July—August grass cutting between rows 28,57
November—February cutting back of shoots 51,43
total 368,57
Third Juny—August grass cutting between rows 28,57
November—February cutting back of shoots 51,43
total 80,00
total 1085,71
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In 2004 the Polish farmers growing willows are thus
eligible for a carbon credit of 11,25 EUR/ha. This subsidy
reduces the wood chip price that is required for break
even by 0,45 EUR/MWh, assuming a willow yield of
9 t/ha/yr [1]. But in Latvia there were no subsidies for
willow plantation establishers.

At the moment (2005) wood chip prices are lower in
Latvia than in most states of West Europe. Hence, in a
short-term perspective it might be more profitable for
willow farmers in Latvia to export their wood chips than
to sell them to domestic consumers. Over time biofuel
prices in Latvia are likely to increase, provided that poli-
cy measures are implemented in order to meet the RES
targets for 2010 and 2020.

The costs of producing willow wood chips, inclu-
ding transport to the heating plant, amount to about 267
PLN/ha under the Polish conditions, excluding land rental
costs and overheads. This cost is based on a yield of
9 t/ha/yr and corresponds to 8 EUR/MWh [1].

3. Conclusions

1. Fertilization with sewage has a positive effect on
Salix growth, but it causes problems with weed control.
The second season is optimal for fertilization to decrease
problems with weeds.

2. In the first season the dry mass of control planta-
tions without sewage was 0,2-0,6 t/ha, but in the second
season after fertilization with sewage sludge 14 t/ha
(700 kgN/ha) the dry mass of shoots reached 4,6-5,5 t/ha.

3. Shoot wood from fertilized plantations contained
heavy metals averagely by 5—4 % more than control plan-
tation wood.

4. The top soil layer in plots fertilized with sewage
contained heavy metals averagely by 4-5 % more than
that in control plots.

5. Costs of plantation creation and cultivation du-
ring the first tree years were 1 081 EUR/ha, and costs of
cutting, chip crushing and delivering to consumers rea-
ched 4,8 EUR/m’ if the distance was not longer than
40 km, and a willow-cutting combine operated without
pauses.

6. If all costs covered by plantations owner willow
chips cost price 2010 would be — 24 EUR/m’, but if costs
of sewage fertilization covered by producer — 121,4 EUR/m’.
Considering inflation, also wood-processing chip costs
could achieve 21-23 EUR/m’.
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TRESIMO NUOTEKU DUMBLU JTAKA TRUMPOS ROTACIJOS KARKLU PLANTACLJOMS
D. Lazdina, A. Lazdins, Z. Karins, V. Kaposts
Santrauka

Mokslinio tiriamojo darbo tikslai yra jvertinti misko prieaugj ir Salix energinj paséliy produktyvuma trgSimui naudojant
nuoteky dumbla; nuoteky dumblo itaka aplinkai ir apskaiiuoti plantacijy ekonomin¢ nauda. Svarbiausia problema pir-
mosios rotacijos karkly plantacijose buvo piktZolés. Dumbla paskleidus piktZolés augo, nes jame buvo daug nitraty. An-
trojo karkly augimo sezono metu jie duoda daugiau atZaly, todél produktyvumas padidéjo nuo 0,2-0,6 t iki 4,6-5,5 t
sausosios masés i§ hektaro. TreSimo nuoteky dumblu jtaka buvo didesné kontrolinése ir treStose plantacijose antrojo
augimo sezono metu. Vidutinis biomasés kiekis treStose plantacijose buvo 5,5 t sausosios masés i hektara per metus. Ugliy
medienoje trestose plantacijose buvo vidutiniskai 4-8 % daugiau sunkiyjy metaly nei kontroliniy plantacijy karkly medie-
noje. Sunkiyjy metaly koncentracija pavir§iniame dirvoZemio sluoksnyje padidéjo, bet nevirsijo Latvijos ministry kabi-
neto nustatyty leidZiamyjy dirvoZemio kokybés riby, dirvoZemio rekultivacija per pirmuosius trejus metus buvo
730 LVL/ha. Jei atstumas nevir§yty 40 km ir karkly pjovimo kombainas dirbty be pertrauky, pjovimo, smulkinimo ir
pristatymo vartotojams islaidos siekty 4 LVL/m®.

ReikSminiai Zodziai: karklai, plantacijos, mediena energijai, nuoteky dumblas, trgsSimas.

BJIMSIHUE WJIOBOT'O YIOBPEHUS HA IIJIAHTAIIMM UBHSIKA KOPOTKOM POTALIUU
A. Jazauna, A. Jlazgunum, 3. Kapun, B. Kanocre
Pe3zome

Llenpro HAy9HOTO MCCIEROBAaHHS OBUIO OIEHUTH MPHPOCT JIEca M YHEPTeTHIECKYI0 MPOIYKTHBHOCTE MoceBoB Salix B pe-
3yJIbTaTe WCIOJIB30BAaHUS B KauecTBE yIOOPEHHs] CTOYHOTO WJa; BO3JEHCTBHE, OKa3bIBAEMOE CTOYHBIM WJIOM Ha OKpY-
KAWOIIYI0 CpPely, M pacCYuTaTh 3KOHOMHYECKYIO MOJb3y IUIaHTanui. [J1aBHOW mpoOieMol Ha IUTAHTAIUSIX WBHSKA
nepBoil portanuu ObUIM copHsku. [locie momajgaHus Wia Ha IUIAHTALMKM OBICTPO POCIH COPHSKHM M3-32 OOJIBIIOrO
KOJIMYECTBAa HUTPATOB B HEM. Bo BpeMsi BTOPOro ce3oHa pocTa WBHSAKA MOSBISAIOCE MHOTO OTPOCTKOB, MPOAYKTUBHOCTh
yBenuuuBanack ot 0,2-0,6 T no 4-5,5 T cyxoil mMaccel ¢ rektapa. BausHue uinoBoro ymnoOpeHus: Obiio OOJBIIMM Ha
KOHTPOJBHBIX M yJOOPEHHBIX IUTAHTALMAX BO BpeMsl BTOPOro ce3oHa pocTta. CpeaHee KOJNHMYECTBO OMOMAacChl Ha
YIOOpEHHBIX IUIAHTAIUSIX COCTABHIO 5,5 T CyXOH Macchl 3a rof. B pocTkax apeBecHHBI ¢ yIOOpEHHBIX IUIAHTaIWH B
cpenHeM Obio Ha 4-8 % Oonblle TSDKEIBIX META/UIOB, YeM B JPEBECHHE HBHSIKA C KOHTPOJIBHBIX IIIAHTAIWH.
KoHneHTpanust TsHKeNbIX METAUIOB B TOBEPXHOCTHOM CJIO€ TIOYBBI YBEIWYMIIACh, XOTS M HE NPEBBICHIIA YCTAHOBIEHHBIX
[MpaBurenscTBoM JlaTBUM NpeaenbHBIX BeIMYUH. PekynpTHBanys MOYBHI B IepBbIe TPH Troja coctaBuia 730 naTos/ra. B
cily4ae, eciu paccTosiHde He npebimiaeT 40 kKM M KoMOaifH MO cpe3Kke MBHsKa paboTaeT 0Oe3 mepephlBOB, pacXoibl Ha
Cpe3Ky, H3MeJIbUeHHE U J0CTaBKY IIOTPEOUTENIM COCTABAT 4 naTa/M’.

Kurwuesble ciioBa: WBHSK, IUTaHTallMU, APEBECHUHA, CTOYHBIN ui, yz[o6peHHe.
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