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Abstract: Land use competition between food/feed and energy crops could exclude the estab-
lishment of Short Rotation Coppice (SRC) plantations, as bioenergy woody crop, on productive
agricultural land. A solution could be the cultivation of multipurpose plantations producing bio-
mass and logs for industry, as an innovative alley coppice system. This is a mixture between high
value timber trees and SRC of poplars and willows. The advantages of this cultural model could
be that: 1) the farmers can receive payments for biomass every 2-5 years during juvenile phase of
the high value timber trees, ii) the timber trees can be planted at final spacing, avoiding plantation
thinning, ii1) the SRC, with a rapid canopy closure, has a positive environmental impact, reducing
soil erosion and increasing biodiversity, iv) the SRC can protect the timber trees from wind and
storm, v) a modulated light competition of SRC towards the timber trees causes the correct
growth of their stem, reducing pruning intensity. This paper refers preliminary results obtained
during the first 7 years in experimental plots, in northern Italy, comparing alley coppice of poplar
SRC with Sorbus and Pyrus trees and sole timber trees without any mixture. Data reported con-
cern on tree growth and stem form, along with some preliminary observation on light competi-
tion. The timber trees in the alley coppice treatment reached satisfactory stem dimensions, asso-
ciated with improved wood quality in comparison to the sole timber trees. Although the timber
trees in the alley coppice plots were dominated by the poplar SRC shoots, the light competition
was not so intensive for inhibiting the growth of the Sorbus and Pyrus trees. Research funded by
Moprolegno Project (2006-09) and “AgroCop” Project”-WoodWisdom-Net - ERA-NET Bioen-
ergy (2012-°15).
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Introduction

Energy and valuable timber are two commodities strongly in shortage in Europe. Bioenergy plan-
tations, such as Short Rotation Coppices (SRC), can be established on agricultural land, with ro-
tation cycles of 2-5 years, using fast growing tree species (e.g. Populus spp., Salix spp., Eucalyp-
tus spp., Robinia pseudoacacia), with coppicing ability and able to support very high planting
density (ca. 6000-10000 plants ha™") (Bergante and Facciotto, 2011; Paris et al., 2011). In Europe
SRC is gaining attention for producing biomass for energy conversion (heat, electricity) in alter-
native to imported fossil fuels, and for reducing emission of greenhouse gases. SRC can be more
attractive than traditional forms of plantation forestry for the short length of rotation cycles, and
because cultivation practices are fully mechanized from planting to harvesting (EI Kasmioui,
Ceulemans, 2012; Faasch, Patenaude, 2012; Manzone et al. 2009).

In Europe there is also a large commercial flux of high quality timber that is mostly imported
from developing countries, mostly as tropical hardwoods. In the last two decades many attempts
have been done in Europe for encouraging farmers to establish valuable timber plantations with
endemic/naturalized tree species, like cherry (Prunus avium), walnut (Juglans spp.), oaks
(Quercus spp.), ashes (Fraxinus spp.) (Fady et al., 2003; Magagnotti et al., 2010). Unfortunately
those attempts have not always been very successful, because timber tree species require soils
with medium-high fertility (Lauteri et al., 2006; Mohni et al., 2009). Furthermore the length of
the rotation cycle (30-50 years) is scarcely attractive for farmers/landowners (Palma et al., 2007)
and the cultural practices for improving stem form and wood quality, such as pruning and thin-
ning, are expensive and un-profitable (Bisoffi et al., 2009).

A solution to these problems can be mixing timber trees with SRC in alley coppice system, as
innovative land use management addressing important productive and environmental issues. The
main advantages of alley coppice system could be that: 1) the farmers can receive payments for
biomass from SRC every 2-5 years for 10 or more years when high value timber trees are in the
juvenile phase, i1) the high value timber trees can be planted at definitive spacing, so that planta-
tion thinning could be avoided, reducing production cost, iii) the SRC, with a rapid canopy clo-
sure, have a positive environmental impact reducing soil erosion and increasing biodiversity (soil
fauna, birds and little mammals), iv) the SRC can protect the high value timber trees from wind
and storms, v) light competition of SRC towards the high value timber trees causes the correct
growth of their stem and the formation of a smaller number of thin branches, in comparison to
traditional mono-cultural model of plantation forestry, reducing pruning intensity.

The average duration of a SRC plantation is 10-15 years, with dramatic yield depression after this
limit (Dillen et al., 2013; Geyer, 2006). The soil occupied by the SRC therefore needs to be up-
rooted and used for another crop or for the establishment of a new SRC plantation. Thus, alley
coppice system is a specific form of agroforestry system in which the long lasting element is the
timber trees population.

In order to achieve the desiderated benefits in alley coppice system, the tree species mixture and
the layout of the plantation need to be carefully designed for avoiding competitive interaction for
site resources (soil moisture and nutrients, light) between slow growing timber trees and fast
growing SRC woody crops. In fact, most of tree species suitable for SRC are well known for their
high water and nutrients uptake (Guidi et al., 2008; Lars, 2002; Morhart et al., 2013; Pistocchi et
al., 2009). Furthermore, the fast growth along with the high planting density of SRC should rap-
idly reduce the solar radiation available for companion timber trees in an alley coppice mixture.

A transnational European project named AgroCop (WoodWisdom-Net — ERA-NET Bioenergy -
2012-2015; http://www.agrocop.com) is currently investigating alley coppice system in Europe,
and a network of experimental sites was set up for studying the correct assumption of the benefits
of the studied system. The AgroCop network included an experimental plantation that was estab-
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lished in northern Italy, Po Valley, in 2006 within an Italian local project (Moprolegno, 2006-
2009), for comparing alley coppice plots and pure timber plots.

Materials and Methods

The experimental site

The experimental field, with a total area of 1.5 ha, was established at Mezzi Farm (45°08°11” N;
8°30” 50” E, 102 m a.s.l.), located near Casale Monferrato (AL, northern Italy), on a flat agricul-
tural field with alluvial soil. Mezzi is the experimental farm of CRA-PLF research Institute. The
climate of the area, according to Kdppen-Greiger world climate classification (Kottek et al.,
2006), is warm, temperate, fully humid, with an hot/warm summer. Average temperatures are
12.9, 24.4 and 0.5 °C, as annual, maximum and minimum averages of the hottest and coldest
months, respectively. Average yearly precipitation is 745 mm, with almost 400 mm distributed
during the growing season from April to September (Bergante and Facciotto, 2011). The soil tex-
ture is sandy and sandy loam. Experimental plots were established for comparing pure plantation
of Sorbus domestica L. and Pyrus spp. with the mixture of these noble hardwoods with poplar
clones under SRC management as alley coppice system, using a randomized block design with
two replications for each of the two treatments (pure timber trees and alley coppice) Three micro-
propagated clones of Sorbus domestica were used: TOSCA 3, TOSCA 10/15, TOSCA 10/16);
and one clone for Pyrus spp. L. (PVC 74-15-53). One year rooted plantlets, selected and provided
by University of Milan (Prof. C. Piagnani and D., Bassi — Piagnani et al., 2009; Facciotto et al,
2009), were used as planting material. Timber trees were planted at a spacing of 8 x 8§ m. Three
clones of poplar were used for the experiment: Lux and Oglio (Populous deltoids Bartr.); Triplo
(P. x canadensis Monch). The distance between poplar and noble hardwood trees was 3 m. Poplar
was planted as un-rooted stem cuttings, 120 cm long, placed horizontally, 5 cm below the soil
surface with an inter-row distance of 2 m. Before the establishment of the plantation, the soil was
ploughed to a depth of 40 cm, and then arrowed before planting. Ryegrass (Lollium perenne L.)
was sown as cover-crop and organic mulch was used on timber tree rows for weed control. Dur-
ing the summer of the first year, three harrowings were carried out between the SRC rows. Dur-
ing the second and following years, the cultural practices were reduced: weed control by disc
harrowing was done only once in late spring. Sprinkler irrigation was applied once or twice per
year in late July-August, depending of the current precipitation. One or two treatments against
leaf beetles Chrysomela populi L. were applied in spring and summer. Poplar rows in the alley
coppice plots were harvested mechanically at the end of the 2™, 4™, and 6™ year since plantation
establishment.

Measurements

At the end of each vegetative season, tree survival, stem diameter at breast height (mm), and total
stem height (cm) were recorded both on timber trees and poplars. The total fresh weight of poplar
stems and branches were measured on a sample of 10-30 trees per clone at the end of each rota-
tion cycle, for the estimation of poplar yield with allometric regressions between stem diameter
and total shoot weight. In 2013, new eco-physiological measurements were carried out in order
to study the inter-relationships between timber and poplar trees. The percentage total light trans-
mittance (PTLT, %) was estimated with hemispherical photos (HPs), using a digital camera (Ni-
kon Coolpix 995), equipped with an hemispherical lens (Nikon fisheye converter FC-E8 0.21x).
Two sets of hemispherical photos were performed. A first one, on April 29" for estimating PTTL
for timber trees in mixture with SRC, just before the third biennial poplar harvesting, when pop-
lar trees were already in full budburst. The HPs were carried out according to standard proce-
dures: after sunset, with diffusive radiation, levelling the camera and orienting it to the magnetic
north. The camera was set at midway between each pairs of timber trees, along the row, to an
height of 1.5 m above the ground surface, imitating the light conditions in the mid-canopy of the
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timber trees. A second set of HPs were recorded on August, 7", on the canopy top of poplar-
timber mixture, for measuring PTLT of poplar shoots, after almost 2 months of growth since
coppicing. On each measurement session, 5 HPs were taken for each treatment and block. Digital
photos were then analysed with the Gap Light Analyser software (Frazer et al., 2000), using cor-
rect data input for sun and sky parameters of the region. Percentage TLT calculations were made
for the period between April 1 and October 30, covering approximately the entire growing season
for timber and poplar trees, from budburst to leaf shedding.

Finally on December 2013, measurements were carried out to detect positive effect of the mix-
ture with poplar SRC on the wood quality of timber trees .

The following equation was used (VVAA, 2000):
Q=3H-(E+F+DI+DF+ DM + CF + Kn + EB) [eq. 1],

with: Q= index of wood quality; H= log value, as function of log length and straightness index of
log axis; E = log eccentricity; F= fiber orientation; DI = absence/presence of insects damages; DF
= absence/presence of bacteria/fungi damages; DM= absence/presence of mechanical damages;
CF = presence/absence of critical fork; Kn = presence/absence of knots with a diameter > 2 cm;
EB= presence/absence of epicormic branches.

In this paper just a part of all observations and measurements are presented and discussed. This
with the aim of giving a first picture of the alley coppice functioning in the studied experimental
plots. A more complete set of data and information will be presented in further publications.

Results and Discussion

In Figure 1 are reported the growth rates in total stem height (H) for the tree species during the
first seven years, since the plantation establishment. Poplar SRC was managed with a biennial
coppicing rotation, therefore its values of H reflect the cyclical regrowth after coppicing in the
years 3, 5 and 7. The growth rates of poplar SRC in the studied plantation, with biennial rotation,
are lower in comparison with the average growth rates of the cultivation in northern Italy
(Bergante et al, 2010). The average height of 5 m of poplar shoots in our plantation, in the second
year of each biennial rotation, are more similar to the values of the cultivation with annual cop-
picing, probably due to the twin row planting lay out we used in this experiment. This planting
lay out, with very high stem density (>10000 stems ha™), may have depressed the shoot growth
for very high intraspecific competition (Mareschi, 2008). The timber tree species had a continu-
ous growth, reaching a total H at the end of the seventh growing season of 4.1 and 3.8 m for pure
Sorbus and Pyrus, respectively, while the same species reaching an H of 3.4 and 3.6 m, respec-
tively, in the alley coppice mixture. The analysis of variance did not show any significant differ-
ence between the treatments for H of timber trees after seven year of growth.
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Figure 1: Total height of timber trees (Sorbus and Pyrus) and poplar SRC, with biennial coppicing rotation, for the
first seven years since establishment in the alley coppice experimental field. AlleyCop= mixture of timber trees with
poplar SRC; Sole= pure timber tree stand.

G s Poplar SRC
—ll— Pyrus_AlleyCop

3 =8 Sorbus_AlleyCop
3 —8=—Pyrus Sole
= 4
_1:; —8—Sorbus_Sole
E
£ 3
1]
bt
™
£ 2
|—

1 e B

D 1 T T T T T T

1 2 3 4 5 6 7
years

The lower growth rates of timber trees in mixture with poplar SRC, in comparison with pure tim-
ber tree stands can be explained with the light competition of poplar, as shown by the low per-
centage total light transmittance (PTTL, %) measured for the timber trees in the alley coppice
treatment, at the beginning of the seventh growing season (Table 1). At that moment the timber
trees were completely dominated by poplar shoots, whose H was on average 5 m, i.e. 2.5 m
higher than the associated timber trees. On the contrary, any shading effect of timber trees was
observed on poplar shoots during the middle of seventh growing season (Table 1, August
measurement), when the poplar shoots were almost 2 m high. At that moment the timber trees
were 1.5 higher than the associated poplar shoots, but the crown of the timber trees was not
enough developed for shading poplar.

Table 1: Total light transmittance, in percentage to full sun condition (PTLT), estimated with hemispherical photos,
and available for timber trees and poplar SRC, on two dates of the 7™ growing season in the alley coppice exp. field.
Values in parenthesis are the standard error of means (+ sem).

Treatments Camera Position Along timber tree row Poplar top canopy

(and date) (29 Apr. 2013) (7 Aug. 2013)

Total light transmittance (%)

Alley Coppice 66.05 (2.35) 98.52 (0.15)

Sole timber 99.45 (1.3) -

The light competition of poplar towards the associated timber trees seems positively affecting
timber wood quality, as shown by the wood quality index (Q), measured at the end of seventh
growing season (Table 2). Light competition has indeed improved the stem form of timber trees,
forcing them to grow with a straight log and with thinner branches, in comparison to sole timber
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trees. This result is in full agreement with other experiments on mixed timber plantations, demon-
strating the positive effect of trees mixture on timber wood quality (Loewe et al., 2013; Mohni et
al, 2009).

Table 2: Total index of wood quality (Q total) for 7 years old Sorbus and Pyrus timber trees as affected by mixture
with poplar SRC (alley coppice) in the exp. field.

Treatments Q total
Alley Coppice 55
Sole timber 32
Conclusions

The preliminary results presented in this paper show that the hypothesized beneficial effects of
alley coppice mixture can be achieved throughout a balanced mixture between slow growing tim-
ber trees and fast growing poplar trees under short rotation coppice management. After seven
growing seasons, the timber trees in the alley coppice treatment reached satisfactory stem dimen-
sions, in association with improved stem form and wood quality in comparison to sole timber.
We used a distance of 3 m between the timber trees and poplar rows. This distance seems to leave
enough room to the timber trees for growing without a too strong, detrimental competition with
the adjacent poplar trees. We detected a light competition of poplar shoots towards the timber
trees, but so far it has not been so intensive to inhibit the growth of Sorbus and Pyrus trees.

Mixed timber trees plantations, although strongly recommended for their productive and envi-
ronmental advantages, are rarely applied at commercial level because their technical management
is more complex in comparison to mono-specific timber plantations (Kelty, 2006). Alley coppice
design could be an innovative mixture in relation to its management simplicity, especially con-
cerning the mechanization of cultural operations and marketability of final and intermediate
products.

Acknowledgments

The research activity was funded by the research project n. 807 “MOPROLEGNO” — Regione
Lombardia-Italy (2006-09), and by the transnational European project named “AgroCop”
(WoodWisdom-Net — ERA-NET Bioenergy, 2012-2015; http://www.agrocop.com), with the fi-
nancial contribution of the Italian Ministry of Agriculture and Forestry (MiPAAF), concerning
the Italian side.

Bibliography

Bergante, S., Facciotto, G. (2011). Nine years of measurements in Italian SRC trial with 14 pop-
lar and 6 willow clones. Procedings of the 19th European Biomass Conference and Exhibition, 6-
10 June 2011, Berlin, Geramany.

Bergante, S., Facciotto, G., Minotta, G (2010). Identification of the main site factors and man-
agement intensity affecting the establishment of Short-Rotation-Coppices (SRC) in Northern Italy
through Stepwise regression analysis. Cent Eur J Biol, 5: 522-30.

1973



Bisoffi, S., Minotta, G., Paris, P. (2009). Indirizzi colturali e valorizzazione delle produzioni
legnose fuori foresta. O. Ciancio Ed., Atti III Congresso Nazionale di Selvicoltura, Taormina,
Italy, 16-19 Ott. 2008. Accademia Italiana di Scienze Forestali, p. 729-736. ISBN 978-88-
87553-16-1, doi: 10.4129/CNS2008.099.

Dillen, S.Y., Djomo, S.N., Al Afas, N., Vanbeveren, S., Ceulemans, R. (2013). Biomass yield
and energy balance of a short rotation poplar coppice with multiple clones on degraded land dur-
ing 16 years. Biomass and Bioenergy, 56:157-165.

El Kasmioui, O., Ceulemans R., (2012). Financial analysis of the cultivation of poplar and willow
for bioenergy. Biomass and Bioenergy, 43:52-64.

Faasch R.J., Patenaude, G. (2012). The economics of short rotation coppice in Germany. Biomass
and Bioenergy, 45:2 7-40.

Facciotto, G., Bergante, S., Gugino, C., Piagnani, C., Lioia., C. (2009). Biomass production in
mixed plantation with SRC and noble hardwoods. Procedings of the 17th European Biomass
Conference and Exhibition, 29 June-3 July 2009, Hamburg, Geramany.

Fady, B., Ducci, F., Aleta, N., Becquey, J., Diaz Vazquez, R., Fernandez Lopez, F., Jay-
Allemand, C., Lefévre, F., Ninot, A., Panetsos, K., Paris, P., Pisanelli, A., Rumpf, H. (2003).
Walnut demonstrates strong genetic variability for adaptive and wood quality traits in a network
of juvenile field tests across Europe. New Forests, 25: 211-225.

Frazer, G.W., Canham, C.D., Lertzman, K.P. (2000). Gap light analyzer 2.0. Bull. Ecol. Soc. Am.
81, 191-197.

Geyer, W.A. (2006). Biomass production in the Central Great Plains USA under various coppice
regimes. Biomass and Bioenergy 30: 778-83

Guidi, W, Piccioni, E., Ginanni, M., Bonari, E. (2008). Bark content estimation in poplar
(Populus deltoides L.) short-rotation coppice in Central Italy. Biomass and Bioenergy 32: 518—
524.

Kelty, M.J. (2006). The role of species mixture in plantation forestry. Forest Ecology and Man-
agement 233: 195-204.

Kottek, M., Grieser, J., Beck, C., Rudolf, B., Rubel, F. (2006). World Map of the Koppen-Geiger
climate classification updated. Meteorologische Zeitschrift, 15:259-63.

Lars, R. (2002). Nutrient content in stems of hybrid aspen as affected by tree age and tree size,
and nutrient removal with harvest. Biomass and Bioenergy 23: 13-25

Lauteri, M., Alessio, G.A. and Paris, P. (2006). Using Oxygen Stable Isotopes to Investigate the
Soil-Plant-Atmosphere Hydraulic Continuum in Complex Stand of Walnut. Proc. Vth Int. Walnut
Symp., Eds. M.E. Malvolti and D. Avanzo, Acta Hort. (ISHS) 705: 223-230;
http://www.actahort.org/books/705/705 27 .htm.

Loewe, V.M., Gonzilez, M.O., Balzarini, M. (2013). Wild cherry tree (Prunus avium L.) growth
in pure and mixed plantations in South America. Forest Ecology and Management 306: 31-41.

Manzone, M., S. Bergante, G. Facciotto, 2014. Energy and economic evaluation of a poplar plan-
tation for woodchips production in Italy. Biomass and Bioenergy, 60: 164-170.

Manzone, M., Airoldi, G., Balsari, P. (2009). Energetic and economic evaluation of a poplar cul-
tivation for the biomass production in Italy. Biomass and Bioenergy, 33: 1258-64.

1974



Magagnotti, N., Nati, C., Picchi, G., Spinelli, R. (2010). Mechanized thinning of walnut planta-
tions established on ex-arable land. Agroforestry Systems, 82:77-86

Mareschi, L. (2008). Bioenergy plantations: productive and environmental sustainability of new
poplar hybrid clones. PhD Thesis )(in Italian), Universita degli Studi della Tuscia, Viterbo, Italy.

Mohni, C., Pelleri, F., Hemery, G. E. (2009). The modern silviculture of Juglans regia L.: A liter-
ature review. Die Bodenkultur 60: 21-34

Morhart, C., Sheppard, J., Spiecker, H. (2013). Above Ground Leafless Woody Biomass and Nu-
trient Content within Different Compartments of a P. maximowicii x P. trichocarpa Poplar Clone.
Forests 4: 471-487. doi:10.3390/f4020471.

Palma, J.H.N., Graves, A.R., Bunce, R.G.H., Burgess, P.J., de Filippi, R., Keesman, K.J., van
Keulen, H., Liagre, F., Mayus, M., Moreno, G., Reisner, Y., Herzog, F. (2007). Modeling envi-
ronmental benefits of silvoarable agroforestry in Europe. Agriculture, Ecosystems & Environ-
ment, 119:320-334,

Paris, P., Mareschi, L., Ecosse, A., Pisanelli, A., Sabatti, M., Scarascia Mugnozza, G. (2011).
Comparing Hybrid Populus Clones For SRF Across Northern Italy After Two Biennial Rotations:
Survival, Growth And Yield. Biomass and Bioenergy, 35:1524-1532. Doi:
10.1016/j.biombioe.2010.12.050.

Piagnani, M.C., Bassi, D., Maffi, D. (2009). Contributo della micropropagazione alla
valorizzazione del sorbo da legno. Italus Hortus 16: 5-8.

Pistocchi, C., Guidi, W., Piccioni, E., Bonari, E. (2009). Water requirements of poplar and willow
vegetation filters grown in lysimeter under Mediterranean conditions: Results of the second rota-
tion. Desalination 246: 137—46.

VVAA, (2000). Indagini sugli impianti arborei non da frutto (escluso i pioppeti) effettuati con
finanziamenti pubblici nella pianura emiliano-romagnola. Regione Emilia Romagna

1975



1976





