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The production of biomass for energy has been intensified worldwide during the last
years. However, its potential to face climate change is far away to be fully used yet. Agri-
cultural energy crop cultivation removes CO, from atmosphere and thermal conversion of
these crops can replace fossil fuels. This form of CO,-neutral energy supply however might
be constrained by other greenhouse gases, which are released during the production and
consumption of energy crops. Poplar and willow are very promising energy crops for farm-
ers due to their high productivity and low demand on inputs such as of fertilizer and labour.
To evaluate the whole process chain of field wood cropping, different plantations have been
established on a loamy sand soil in Northeast of Germany in 1994 and 2008. The measuring
program of the long-term practical oriented field experiment started in 1994 includes yields,
energy gain, N,O emissions as well as ecologically relevant plant and soil constituents.
Three different fertilization rates (0, 75, and 150 kg N ha™ yr) have been investigated for
poplar (P. maximovizcii x P. nigra) and willow (Salix viminalis). Based on the results of
this experiment a second experiment with reduced fertilization rates with poplar and willow
arranged in a random block design has been started in 2008. The focus of this experiment is
on nitrogen flux. Nitrogen fertilization led to leaching of nitrogen in all tests. The applica-
tion of 75 kg N ha™ yr™ caused an average increase of N leaching in the willow and poplar
plots of 25 kg N ha™ yr* and 40 kg N ha™ yr*, respectively. Furthermore, all results indi-
cate a more effective and environmentally sound field wood production without the use of
mineral nitrogen fertilizer and a low influence of fertilization on yields.

Bioenergy, poplar, willow, yield, fertilization, N,O, nitrogen.
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Introduction

Bioenergy has a key role in current German and EU strategies for climate
protection and security of energy supplies. Energy crop production removes CO,
from atmosphere and thermal conversion of these crops can replace fossil fuels.
This form of CO,-neutral energy consumption however might be constrained by
other greenhouse gases, which are released during the production and utilisation of
energy crops (Jorgensen et al. 1997, Crutzen et al. 2007). Energy farming on sur-
plus agricultural area presents an opportunity to create alternative income sources
besides food production, to strengthen added value and employment in rural areas
(Scholz et al. 2009). In general, energy crops should have characteristics like high
yields, low production inputs and high energy values to make the production of
energy from biomass even more economically efficient and to optimise the envi-
ronmental benefits.

Nitrogen fertilization is an important factor for efficient crop production. But
then, nitrogen applied as fertiliser to increase the biomass yield induces the emis-
sion of N,O. This GHG may play a key role in a life cycle assessment due to its
high global warming potential. Average values for N fertiliser induced N,O emis-
sion factors are reported for agricultural fields and grassland with a range of 0.5 to
5% (IPCC 2006). Relatively low values have been found for short rotation coppic-
es (SRC) (Hellebrand et al. 2008, Kern et al., 2010).

The objective of this study is to prove whether reduced nitrogen fertilisation
may influence the yield of woody biomass on a site with low supply of nutrients
and water. Among the environmental drawbacks during the production of willows
and poplars, nitrous oxide emissions have been analysed to optimise the fertilisa-
tion with nitrogen and to reduce environmental impacts during the production of
energy crops.

Materials and Methods

In order to select environmentally friendly plant species and cropping tech-
nologies two different field experiments has been established Northwest of Pots-
dam on a loamy sand soil (Scholz et al. 2001, Kern et al. 2012). The field for the
first experiment E1 (established in 1994) is divided in plots of 0.25 ha cultivated
with willow (Salix minimalis 12/21/83) and poplar (Populus maximovizcii x P.
nigra, Japan 105 and Populus maximowiczii x P. trichocarpa, NE42). In April
1994 the test cuttings were planted in double rows (distance 0.75 m) with 0.55 m
distance in the row and with 2.25 m distance between the double rows. For the de-
tailed analysis of the influence of fertilisation on yield and emissions the field is
subdivided in 4 blocks (A-D) with 624 m? each. Block A receives basic mineral
fertilisation and 150 kg N/ha. On blocks B and C 75 kg N/ha are applied in form of
wood- and straw ashes. Block D is not fertilised. On the entire area, no plant pro-
tection products are used (Fig. 1). As fertilisers, 540 or 270 kg/ha of calcium-

28



ammonium nitrate and 520 kg/ha of potash-magnesia/super-phosphate mixture, as
well as 660 kg/ha of coarse ashes each from a wood- and a straw combustion plant
are used (Scholz et al. 2001; Scholz et al. 2002). Furthermore, the influence of har-
vest cycles of 2 and 4 years on yields is investigated.

Soil value 30

Corg 0,9 %
pH-Value 57
Rain 587 mm
Groundwater 8 m

Cocksfoot grass
1. vin. + Undersown grass

Willow Sa
an 105 + Undersown grass

- Poplar Jap
\~
Poplar Japan 105

Poplar NE 42 + Undersown grass
N :
: Perennial rye
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Trﬁicale

Fig. 1. Experimental field E1 at the ATB (long term experiment since 1994)
1 pav. ATB jrengti eksperimentiniai laukeliai E1 (ilgalaikiai eksperimentai nuo
1994 m.)

For the second experiment E2 (established in 2008), a randomized block-
design was chosen with four replicates. Poplar (Populus maximovizcii x P. nigra,
clone Max 4) and willow (Salix viminalis, clone Inger) treatments are examined in
terms of yield, N,O emissions as well as nitrate leaching. The experiment consists
of three N-fertilisation treatments (0, 50, and 75 kg N ha™* yr'') investigated on two
square large-plots with 1800 m? each (see Figure 2). The subplots have a size of
9 m x 10 m. In April 2008 the test cuttings were planted with 0.5 m distance in the
row and with 1 m distance between the rows. To minimise boundary effects, only
48 internal plants of each plot were examined. At the beginning of each vegetation
period (June 2008, April 2009-2012), nitrogen was applied in form of calcium
ammonium nitrate (CAN). In the winter of 2009 the aboveground biomass was
harvested with a brush cutter. A second harvest has been done after 2 years in win-
ter 2011.
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Fig. 2. Experimental field E2 at the ATB (new experiment since 2008)
2 pav. ATB jrengti eksperimentiniai laukeliai E2 (nauji eksperimentai nuo 2008 m.)

Furthermore, the area-related nitrate leaching rate has been measured at ex-
perimental field E2. Self-Integrating Accumulators (SIAs) filled with a resin-quartz
sand mixture were installed at a depth of 90 cm below the main root zone of willow
and poplar trees according to Bischoff (2009). The SIA remained in the soil for
half year periods, collecting and adsorbing nitrate from the leachate before being
excavated and analysed.

The investigations of the nitrous oxide emissions were started in 1999 for the
experiment E1 and in June 2008 for the experiment E2 and were conducted four
times a week. The soil incubation took place in-situ in closed chambers for 90
minutes in the morning. The incubation was followed by a gas-chromatographic
analysis, with a detection limit of N,O for 5x10° ml, as described by Hellebrand et
al. (2003).

Results and Discussion

Yield: The yield is the most important parameter determining the environ-
mental and energetic efficiency of the production of energy crops. Related to the
measuring period of 10 to 17 years the highest dry matter (DM) yields in total were
measured in experiment E1 on the poplar plot Japan 105 with an average of
11.5 tyy ha™ yr (2 year harvest cycle). The undersown grass seems to have no in-
fluence on yields after the first 10 years (Figure 3). The yield averages over the
whole investigation period of 19 years are 9.0 tg, ha™* yr™ for the trial with under-
sown grass resp. 10.4 tg, ha™ yr* without grass.
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Fig. 3. SRC Yield in experiment E1 (long term experiment since 1994, 2 year rota-
tion cycle)

3 pav. Trumpos rotacijos zeldiniy derlius eksperimentiniuose laukeliuose El
(ilgalaikiai eksperimentai nuo 1994 m., dviejy mety rotacijos ciklas)

The measuring period of experiment E2 is comparably short and maximum
yields of 6.2 ty, ha™ yr* has been measured for poplar resp. 4.6 tg, ha™ yr' for wil-
low (Figure 4).
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Fig. 4. SRC Yield in experiment E2 (new experiment since 2008)
4 pav. Trumpos rotacijos zeldiniy derlius eksperimentiniuose laukeliuose E2
(nauji eksperimentai nuo 2008 m.)
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Fertilizer-Induced Emissions: There are two sources of gaseous emissions
caused by fertilisers. The first one is the concentration of emissions relevant sub-
stances in plants such as nitrogen, phosphorus, sulphur and chlorine. They lead e.g.
to an increase of nitrous oxide emissions (NOy) of 10 to 50 mg/m? during combus-
tion (Obernberger 1997), which is significant compared with legal limits in the
range from 250 to 400 mg/m°.

The other source of gaseous emissions caused by nitrogenous fertiliser oc-
curs on the field. As a result of the activity of microorganisms the nitrogen forms
nitrous oxide (N,O), which global warming potential is about 300 times more ef-
fectively than CO,. As shown by gas measurements, carried out on the mentioned
experimental field E1 over several years, the application of 150 kg N/ha causes an
additional quantity of up to 2 kg N,O-N per hectare and year to be emitted from the
soil (Hellebrand, Kern, Scholz 2003). There is also an influence of the plant spe-
cies, which partially may be explained by the soil management. Poplar and willow
cause significantly less N,O emissions than common field crops such as cereals.
For instance, non-fertilised SRC fields emit only 15 to 30% N,O of conventionally
fertilised rye field (Fig. 5).
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Willow Poplar Rye
Fig. 5. Long-term N,O emissions of SRC and rye at experiment E1 (1999-2007)
5 pav. Trumpos rotacijos Zeldiniy ir rugiy N,O emisijy ilgalaikiai tyrimai eksperi-
mentiniuose laukeliuose E1 (1999-2007 m.)

Results from the field experiment E2 show the same trends for N,O emis-
sions.

With increased nitrogen fertilisation the rates of N,O emission increased dur-
ing this time (Figure 6). In the plots with 50-75 kg N ha-1 yr-1 the mean fertiliser
induced emission are approx. 34 % higher for willow resp. 13 % for poplar.
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Fig. 6. N,O emissions of SRC at experiment E2 (2008-2012)
6 pav. Trumpos rotacijos Zeldiniy N,O emisijy tyrimai eksperimentiniuose laukeli-
uose E2 (2008-2012 m.)

Figure 7 shows the balance of the nitrogen input by atmospheric deposition
and nitrogen fertilisation as well as the output of nitrogen due to the removal by
harvested crop, leaching and emissions of N,O. A further loss of N, due to denitri-
fication has to be taken into account, which is not reflected by this picture. The
amount of nitrogen incorporated into shoot biomass was only 14-34 % of the ap-
plied fertiliser corresponding with results given by Jug et al. (1999). The nitrogen
demand of willow and poplar was met by 46-70 % by deposition, which implies
that the soil under study is sufficiently supplied with a low rate of nitrogen fertilisa-
tion.

Leaching rates of nitrate were higher in poplar than in willow plots. Highest
leaching rates were measured at fertilisation rates of 75 kg N ha™ yr” resulting in
an increase of N leaching of 25 kg N ha™ yr™ for willow and 40 kg N ha™ yr* for
poplar. It could be shown in this study that the major path of nitrogen applied as
fertiliser was lost by leaching. In contrast to the leaching loss, the nitrous oxide
emissions, induced by fertilisation, were rather small. Another significant fate of
nitrogen fertiliser was the increase of weed biomass primarily in the willow plots.
The weed in the highest fertilised treatments contained additional 25 kg N ha™ yr™.
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Fig. 7. Nitrogen balance in a Short Rotation Coppice during the initial stage 2008-
2010.

7 pav. Azoto balansas trumpos rotacijos Zeldiniuose pradinéje augimo stadijoje
2008-2010 m.

Conclusions

Reducing the input of nitrogen fertilisers to arable land does not result in a
significant decrease in biomass yield, but it has positive effects on the environment.
Moreover, from an environmental, energetic and economic point of view, the ap-
plication of high fertilizer rates is generally inefficient.

Long term test have shown, that yields of SRC were reduced only within the
first 5 to 10 years. Later there is nearly no difference between the blocks. The rea-
sons of this ecologically very useful phenomenon are not clarified up to now.

Cropping SRC is one way of mitigating direct and indirect greenhouse gas
emissions including those CO, equivalents required for the production of mineral
nitrogen fertilisers. Further research is needed to specify the excellence of the per-
ennial energy crops and to enhance the distribution of poplar and willow in agricul-
ture.
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ZEMES UKIO PASKIRTIES ZEMEJE AUGINTU TUOPU IR GLUOSNIU
ILGALAIKIO DERLINGUMO IR DUJU EMISUUJ PRIKLAUSOMYBE
NUO TRESIMO AZOTO TRASOMIS

Santrauka

Pastaraisiais metais biomasés gamyba energijos reikméms suintensyvéjo vi-
same pasaulyje, taciau biomasés potencialas nevisiskai panaudojamas spresti kli-
mato kaitos problemoms. Auginant zemés Tikio energetinius augalus i$ atmosferos
pasalinamas CO; ir paverciant Siuos augalus | Siluming energija jais galima pakeisti
iskastinj kura. Sis CO, poziiiriu neutralus energijos gamybos bidas gali biiti ribo-
jamas dél kity Siltnamio efekta sukelian¢iy dujy, kurios issiskiria ruoSiant ir naudo-
jant energetinius augalus. Tuopos ir gluosniai yra labai perspektyviis energetiniai
augalai tkininkams dél didelio jy derliaus ir mazy traSy ir darbo jégos sanaudy.
Norint jvertinti visg lauko medienos auginimo procesa, 1994 ir 2008 metais Siaurés
ryty Vokietijoje priesmélio dirvozemyje buvo jveistos jvairios augaly plantacijos.
1994 metais pradéta naudoti lauko bandymams skirta ilgalaiké tyrimy programa,
pagal kurig buvo vertinamas energijos padidéjimas, N,O emisijos, taip pat ekologi-
niu poziiiriu svarbios augaly ir dirvoZemio sudedamosios dalys. Tirtos trys skirtingos
trasy normos (0, 75 ir 150 kg-N-ha™ per metus) auginant tuopas (P. maxi-movizcii x p
nigra) ir gluosnius (Salix viminalis). Remiantis Sio bandymo rezultatais, 2008 metais
buvo pradétas antras eksperimentinis tyrimas, kurio metu atsitiktine tvarka iSdéstyti
tuopy ir gluosniy laukeliai buvo tresti sumazintomis trady normomis. Sio bandymo
metu daugiausia démesio buvo skirta azoto kitimui. Azoto trasy kiekis 1émé azoto
i§plovima atliekant visus bandymus. Naudojant 75 kg-N-ha™ trady norma per metus,
azoto iSplovimas gluosniy ir tuopy sklypeliuose vidutiniskai padidéjo po
25 kg-N-ha™ ir 40 kg-N-ha™ per metus. Be to, pagal visus rezultatus efektyvesné ir
maziau kenksminga aplinkai lauko medienos gamyba nenaudojant mineraliniy azo-
to traSy, taip pat maza tresimo jtaka augaly derliui.

Bioenergetika, tuopos, gluosniai, derlius, tresimas, N,O, azotas.
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3ABUCUMOCTB MHOT'OJIETHEM YPO)I{AI?'IuI{OCTI/I 1 T'A30BBIX DMUCCHUA
OT IPUMEHEHMST A3BOTHBIX VJIOBPEHUI ITPU BbIPALLIMBAHUM TOIIO-
JIEM U UB HA 3EMJISIX CEJIbCKOXO3SMCTBEHHOI'O HASHAUEHU S

Pesrome

B nocjaeaHue roabl B MUPC 3aMCTHO YBCINYNIIOCH IPOU3BOACTBO OHMoOMacChl
IJIsL UCIIOJIb30BaHUs B DOHCPICTUYCCKUX LCIIAX. OZ[HaKO IOTCHIMAI OroMaccel Ja-
JICKO HC IIOJHOCTBIO HMCIIOJIL30BAH Ha HBIHCHIHEM 3Tall€ PCHICHUA npo6neM 10
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YIIYUILICHUIO YCIIOBUM OKpYy»Karomiei cpepl. [Ipu BbhIpaliuBaHUM SHEPreTUUECKUX
pactenmii u3z armocdepsl ynansercs CO,, a B pe3ylbTaTe TepMHUUECKON KOHBEPCUU
MOKHO 3aMEHHMTh 3HAUUTEJIbHOE KOJMYECTBO MMHEpPANbHOro Tomiausa. OmHako
aTOT HeHTpambHbIH M0 CO, 3MHUCCHAM BHI IIPOHU3BOICTBA SHEPTUH 000padynBaACTCS
OTpHLATEIBHBIM 3((GEKTOM TP NalbHEHIIeH MOAroTOBKE M MCHOIb30BaHNH. To-
MOJIb ¥ MBa SIBIISIIOTCSI OYCHBb MEPCIEKTUBHBIMU YHEPTeTHYECKUMH PACTEHHAMH W3-
3a BBICOKOH YpO)KalfHOCTH OMOMAacChl, HU3KHX 3aTpaT IpU BBIPALIMBAHUM U IIO-
TpeOHOCTH K yaoOpeHusiM. [1Jisi MOJTHOM OLIEHKH Mpoliecca BhIpallluBaHus OroMac-
cbl 3TUX pacteHuil B 1994-2008 rr. B ceBepo-BocTouHOH yactu ['epManum Ha mec-
JaHOW MoYBe OBUTH pa3BeICHBI TUIAHTAIINN TOTOJIS ¥ UBEI. B 1994 1. 6p11a cocTaB-
JIeHa JONTOCPOYHasi IPorpaMmMa MUCCIIeI0OBaHU I ONpelesIeH s TUHAMUKHU pocTa
SHEPTeTHYECKON IIEHHOCTH 3TUX pacTeHuid, m3meneHus N,O u BIUsHUSA Ha Kade-
CTBO IIOYBBI B JKOJOIMUYECKOM acmekre. McciaenoBanuck Tpu pasHble I'OJOBBIE
HOPMBI BHEceHHs ynoOpenuii (0, 75 u 150 kr-N-ra™) npy BeIpaIIMBaHUK TOTIOJIEI
(P. maximovizcii x p nigra) u us (Salix viminalis). CoriiacHO moy4eHHBIM pe3yiib-
tatam, B 2008 T. ObUT HayaT BTOPOH SKCIEPUMEHT Ha y4acTKax CO CIIy4aiHBIM
pacrmosiokeHueM Tomojied u uB. lIpuMeHsIHMCh yMEHBLICHHBIE HOPMBI a30THBIX
ynoOpeHuil. Bo BpeMsi ombITOB OCHOBHOE BHHMaHHE yIEJSAIOCH AUHAMHUKE H3Me-
HEHHS KOJIMYECTBA a30Ta B MOYBE. Y CTAHOBJICHO, YTO CITYCTS TOJl OCTAaTOK a30Ta Ha
y4acTKax C PacTeHHAMH yMeHbimics Ha 25 kr-N-ta’ m 40 kr-N-ra™ coorser-
CTBEHHO II0 CPaBHEHHIO C HAYalbHBIMH HOPMaMH BHECCHHBIX YIOOpeHHi
(75 kr'N-tal). D10 00BACHSIETCA TeM, YTO YAOOPEHHS BBHIMBIBAIOTCS BOIOIL.
O60011as pe3ynbTaThl UCCIEIOBAHIH, MOXHO YTBEPXKIaTh, YTO NMPUMEHCHHE MU-
HEpaNbHBIX YAOOPEHHUH Helleaecoo0pa3Ho M3-3a MaJoro BIHMSHUSA Ha YPOXKallHOCTb
OroMacchl M OTPULIATENILHOTO BIUSHUS Ha ITOYBY U TPYHTOBBIE BOABIL.
buosnepeemura, monoaw, usa, ypooicai, enecerue yooopenui, N,O, azom.
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