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INCREASE OF BIOMASS PRODUCTION OF FAST-GROWING WILLOWS
IN THE FIRST YEAR OF THE SECOND HARVEST CYCLE

Martin HAUPTVOGL

Slovak University of Agriculture in Nitra, Slovakia

The aim of the paper is to evaluate biomass production of three different willow varieties (Salix spp.) at the end of the first year
of the second harvest cycle (2012) and to compare the results with those obtained in the first harvest cycle at the end of the
first growing season after cutback (2008). The observed growth parameters included number of shoots per plant, shoot height
and diameter, and weight of fresh matter per plant. Three willow varieties were studied (Tora, Gudrun and Tordis). The individual
growth parameters were determined by destructive method. The number of the shoots per plant varied from 17.83 (Tora) to
30.17 (Gudrun). The shoot height ranged from 2.66 m (Gudrun) to 3.62 m (Tordis) and the shoot diameter ranged from 10.85 mm
(Gudrun) to 13.14 mm (Tordis). The variety with the greatest biomass production of the fresh above-ground matter was Tora
(5.43 kg plant), followed by Gudrun (4.97 kg plant™). Tordis provided the lowest yield (4.55 kg plant™). All of the observed growth
parameters had higher values than those determined at the end of the first year after cutback in the first harvest cycle. The most
significant increase was recorded in the above-ground biomass production with the percentage increase of 114%, 122% and 226%

in Tora, Tordis and Gudrun, respectively.
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In Europe, biomass and waste are the most important
sources of renewable energy, accounting for 67.7% of
primary renewable production in 2009 (EUROSTAT, 2012).
In this sense, purpose-grown fast-growing woody crops
represent a promising source of renewable energy. The
energy potential of purpose-grown biomass in Slovakia is
32 PJ (TSUP 2007). This amount represents 4% of the total
annual consumption, which is 800 PJ (TSUP 2010). Therefore,
this energy source can be seen as a local, mostly suitable for
single households or small communities. The biomass of the
fast growing perennial plants and trees can be used, except
of direct combustion, for production of methane, ethanol
and biodiesel (Herrera, 2006). Production of ethanol from
perennial plants and trees (second generation) is more
efficient from the soil use point of view than from annual
plants of the first generation (ex. maize and sugarcane)
(Graham et al., 1995). There is a wide range of environmental
advantages of biomass production from perennials instead
of annual plants (Kdgi et al., 2008; Rowe et al., 2009). The
whole life cycle of energy production, from the plantation
establishment to energy distribution, can be interesting
for many regions, especially in rural areas in terms of job
creation.

There is a wide variety of fast growing woody crops that
can be grown for energy purposes. Willows and poplars are
considered as the most suitable for Slovak conditions (other
feasible species include ailanthus, elm, rose, alder, linden,
hazel, rowan, birch, and larch) (Jandacka et al., 2007). First
plantations of short rotation coppice (SRC) willow for energy
purposes were established in 1970s in Sweden (Christensson
et al., 1993). The research of the SRC willow in Slovakia has
begun in 1994, when the first experimental plantations
consisted of Swedish willow varieties were established in
Kriva na Orave in northern Slovakia (Habovstiak and Daniel,
2001).The first field trial of SRC willow at Slovak University of
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Agriculture (SUA) has begun in 1996 with the establishment
of experimental base in Malanta (Huska, 2000).

The most crucial factor of commercial plantations is
the amount of above-ground biomass production. It is
therefore very important to study growth patterns of these
crops and capability of their adaptation into various climate
conditions. Willow (Salix spp.) has several characteristics
that make it a suitable woody crop for biomass production.
Itis characterised by the ability to provide maximum annual
growth and great amount of biomass already in few years
after planting. Willow is tolerant to high planting densities
and is able to reproduce fast and regrow after coppicing
(cutting) few centimetres above soil surface (Keolian and
Volk, 2005). The complex review of basic ecophysiology
of short rotation forest crops is provided by Mitchell et al.
(1992). Experimental studies show that willows are able
to provide considerably higher biomass production in the
second rotation cycle compared to the first rotation cycle
(Jug et al.,, 1999).

The aim of the paper is to evaluate biomass production
of three willow varieties at the end of the first growing
season of the second harvest cycle and compare the results
with the biomass production provided by one-year-old
shoots at the end of the first growing season (after cutback)
of the first harvest cycle.

Material and methods

The research was carried out in a willow plantation
established in 2007 in Kolifany in south-western Slovakia
(48°21°20" N, 18° 12" 23“ E). The altitude of the site is 180 m
a.s.l. The area belongs to warm, very dry and lowland climatic
regions. The sum of average daily temperatures above 10 °C
is 3000-2800 °C. The number of days with air temperature
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above 5°C is 237. The average annual temperature is 9.9 °C.
The long-term (1991-2000) average rainfall is 547.6 mm
(measured in Nitra, located 13 km from the site) (Spanik
et al., 2008). The whole area is plain with no occurrence of
surface water erosion (0°-1°). There is a stream Bocegaj in
the close vicinity of the plantation, so the underground
water level is relatively high. Soils are deep (60 cm or more),
without skeleton. The main soil type consists of gley fluvisol.
In terms of soil grain structure, it is moderately heavy (loam)
soil (Linkes et al., 1996).

Soil pH values ranged from 7.18 to 7.35 and humus
content was 1.16 to 2.50% (Hauptvogl, 2011). The studied
willow varieties originate from Swedish breeding program.
The planting material (20 cm long one-year-old willow
cuttings) was provided by company Lantmannen Agroenergi
(former Agrobréansle). Three willow varieties were studied:
Tora, Gudrun and Tordis. Tora (Salix schwerinii x S. viminalis)
is a cross between a Siberian basket willow and the variety
Orm. Gudrun (Salix dasyclados) is a hybrid between the
Russian variety Helga and the clone LangaVeka Réd from
Sweden. Tordis ((Salix schwerinii X S. viminalis) x S. viminalis)
is a cross between the varieties Tora and Ulv (Agrobransle
2006). The varieties were planted in double-rows with the
distance between the double-rows of 1.5 m. The distance
between rows within the double-row was 1.0 m and the
distance between individual plants in the row was 0.75 m.
This design represents density of 10,666 plants ha™.

The measurements of the growth parameters were
taken at the end of the growing seasons 2008 and 2012.
The results from 2008 represent biomass production of
the second year after the planting. As well as in 2012, it
is a production of one-year-old shoots, because there
was a cutback at the end of the first year of the plantation
establishment. The measurements were provided on
six plants from each variety that were chosen randomly
from four replicating plots. All shoots per plant were
measured and weighed individually. The methodology
of measurements is described by Hauptvogl (2011), Bako
(2012) and Husar (2013).

Single-factor analysis of variance (ANOVA) was used for
the statistical evaluation of the growth parameters studied
in 2012.

Results and discussion

In terms of total annual precipitation, the growing year 2008
can be characterized as normal. The total precipitation was
529.4 mm. A significant difference compared to long-term
normal was observed in August, which was extremely
dry (the amount of precipitation was 5 times lower than
normal). The average annual air temperature was 11.2 °C
(data provided by SHMU 2010). The annual total amount
of precipitation in 2012 was 467 mm, which is 79.7 mm less
than long-term normal. Months March (2.8 mm) and August
(7.3 mm) were extremely dry; while October (76.1 mm) was
very wet (data provided by Gab¢o, 2013).

The growth parameters of the three willow varieties
were observed at the end of the growing year 2012. The
measurements were taken on one-year-old shoots of shrubs
with six-year-old root system. The results were compared
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Figure1 The comparison of the number of shoots between

the growing seasons of 2008 and 2012

with one-year-old shoots of shrubs with two-year-old root
system. In our study, we did not observe the size of the root
system. According to Stephens et al. (2001), the roots of the
mature willow stand can reach to a depth of 2.5 m (Stephens
et al., 2001). Therefore, it plays a significant role in biomass
growth and development.

The biggest number of shoots per plant was provided by
Gudrun (30.17), followed by Tordis (20.17) and Tora (17.83)
(Fig. 1). The differences among the varieties were statistically
significant (Tab. 1). In 2012, Gudrun had an increase of 157%
in the number of shoots compared to 2008. Though Gudrun
did not have the highest average number of shoots in 2008, it
surpassed the other varieties in the subsequent year (Fazekas
2011, Hauptvogl 2011). Gudrun had the highest number of
shoots compared to the other varieties in another research
plantation in south-western Slovakia (Selice) at the end of the
first year after planting (Skladan 2011) and during the whole
first harvest cycle (Hauptvogl 2011). These numbers are much
higher than those observed by Stackeviciené et al. (2010) in
the same varieties grown on sod-podzolic sandy loam soil in
Lithuanian condition. The general characterisation of these
varieties studied in UK conditions also does not indicate that
their number of shoots should exceed 6 shoots plant™ in Tora
and Tordis and 8 shoots plant™ in Gudrun (Caslin et al., 2012).

The highest shoots were measured in Tordis (3.62 m) and
Tora (3.50 m). Gudrun had the lowest shoot height (2.66 m),
which was almost 1 m lower than in Tordis. Similar order of
the shoot heights was observed also in 2008 with Tora and
Tordis having the highest shoots and Gudrun the lowest
shoots (Fig. 2). The percentage increase of shoot heights
in 2012 was 29%, 31% and 38% in Tora, Gudrun and Tordis,
respectively. The shoot heights observed in our conditions
in both studied years were lower than typical heights
obtained in the UK conditions, which are 4 m,4 m and 2.7 m
forTora, Tordis and Gudrun, respectively in the first year after
cutback of the first rotation cycle (Caslin et al,, 2012).

Similarly to shoot heights, the shoot diameters measured
in our conditions were lower in both studied years than
typical values in the UK conditions. These are 1.6 cm in
all studied varieties measured at 1 m in the first year after
cutback (Caslin et al., 2012). In our conditions, Tordis had the
highest values of the shoot diameter (13.14 mm) as well as
the highest percentage increase in shoot diameter (35%)
compared to 2008. The order of the other two varieties was
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Table 1 Single-factor analysis of variance (ANOVA) of the studied growth parameters among individual willow varieties (level
of significance is defined as: n: non-significant impact, +: significant impact in P <0.05, ++: P <0.01 and +++: P <0.001)
Growth parameter F P value F critical Significance (2)
Number of shoots 5.957337 0.012467 3.68232 +
Shoot height 15.74142 0.000207 3.68232 +++
Shoot diameter 4.760919 0.030048 3.885294 +
Weight of the fresh biomass 0.233767 0.794376 3.68232 n
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Conclusion
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mTora mGudrun m Tordis There was an increase recorded in all of the observed growth
_ parameters between the growing seasons 2008 and 2012.
E I I This is due to much more developed root system in the
Pl I first year of the second harvest cycle. The highest number
’g of shoots per plant was observed in variety Gudrun (30.17)
£ and the lowest in Tora (17.83). Despite having the lowest
g ° number of shoots, Tora provided the highest biomass yields
& (5.43 kg plant?). The highest values both in shoot heights
and diameters were found in variety Tordis. However, Tordis
0 : provided the lowest biomass yield (4.55 kg plant™). Due to
2008 Year 2012 the great number of shoots, Gudrun surpassed Tordis in
biomass production at the end of the growing season of
Figure3 The comparison of the shoot diameters between 2012 and provided 4.92 kg plant. Gudrun had the highest

the growing seasons of 2008 and 2012

the same as in the shoot height, with Gudrun having the
smallest shoot diameter (10.85 mm) (Fig. 3). The differences
among the varieties in shoot heights and diameters in 2012
were statistically significant (in case of shoot heights highly
significant) (Tab. 1).

The highest biomass yield was provided by Tora (5.43 kg
plant”). Tora had the highest yield also in 2008 (2.54 kg
plant’). The percentage increase represents 114%. The
highest increase in biomass yield was observed in Gudrun.
The biomass production was more than twice the value
obtained in the one-year-old stand in the first harvest cycle
(226%). This high yield was due to great number of shoots
per plant. Tordis had the lowest biomass yield (4.55 kg plant™)
with the percentage increase of 122%. It was reported that
willows are able to increase their biomass production by
33-400% in the second harvest cycle (Jug et al., 1999). There
was no statistically significant difference in the biomass
production among the varieties in 2012 (Tab. 1).
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percentage increase in biomass production, which was
more than twice the amount obtained in 2008 (226%).
The growth parameters among the studied varieties in
2012 were statistically significant, except for the biomass
production. In conclusion, we can say that the most
productive variety in both harvesting cycles was Tora. Even
though the differences in biomass production among the
studied varieties were not statistically significant, the results
indicate that Tora is the most suitable variety for biomass
production in our conditions.
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