UHWERSITA
| DEGLI STUDI

[T1S AperTO

DI TORINO
AperTO - Archivio Istituzionale Open Access dell'Universita di Torino
Alternative planting method for short rotation coppice with poplar and willow
This is the author's manuscript
Original Citation:
Availability:
This version is available http://hdl.handle.net/2318/1616533 since 2016-11-25T11:44:47Z

Published version:
DOI:10.1016/j.biombioe.2016.02.016
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

11 March 2025



10

11

12

13

14

15

16

17

18

19

Alternative planting method for Short Rotation Coppice with poplar and willow

Abstract.

A reduction in energetic and economic costs is t@ythe sustainable development of Short
Rotation Coppices (SRC) for energy purposes. Duthmgr cultivation, the highest costs are
incurred during the planting and harvesting phagesew planting method, which involves the
horizontal disposition of stems or cuttings 120long, at a depth of 5-10 cm, could provide energy
and cost savings during planting. The results oédhlexperimental plots in Casale M.to (AL), one
in Cannara (PG) and one in Chioggia (VE) are shdwnizontal stems and long cuttings were able
to produce from 1 to 5 sprouts per meter (SP,ndepending on the genotype and environmental
conditions. Willow was able to produce on averagenf2.1 to 4.8 sp thand between poplars, the
speciesP. xcanadensisproduced more sprouts tHat deltoideg(3.9 sp nit compared with 1.9 sp
mY). Yields reached a maximum in a Casale M.to wigh 12.7 oven dry tons per hectare (Odt ha
1) for poplar ‘Orion’ and 12.3 Odt Hafor willow ‘Levante’ at the end of first year. Theriability

of sprouts production and growth of trees makesniethod suitable for SRC or stool-beds.

Keywords. Short Rotation Coppice (SRC), poplar, willow, pktion
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1. Introduction

Regardless of whether they are perennial or ancnagls, dedicated crops for energy production
represent an important environmental, economicsathl alternative to fossil fuels [1]. However,
to be useful in different situations, dedicated psrashould be sustainable on three levels:
agronomical production, environmental and econohijja Maybe in the future these crops will
become economically viable, but currently the potehe primary product (wood chips) does not
always cover cultivation costs and any economielrn on investment depends on public
financing [3-5]. However, the choice of an appratgigenotype and cultivation model suitable to a
specific environment and farm organization doedknhigh yields to be obtained, improving the
economic returns [6]. In addition, new technologaésl advanced mechanization in this sector
could also bring great advantages in terms of tam& economic expenditure: for example, in the
cultivation cycle of dedicated crops with fast gnegvwoody species, the plantation phase requires
an investment of both time and money for the prtidacof cuttings or seedlings, soil preparation
and plantation. However, if new methods and machiwmere introduced, hand-labour to produce
cuttings/seedlings and planting costs could beaediand plantation could be increased.

Among other species, poplar and willow are largefjized for biomass purposes due to their
characteristics [7]. They are fast growth specresshow very high rooting ability: stem cuttings or
young trees can be planted without roots, bothraditional poplar stand (as one or two year old
stems, 4-6 m tall) and biomass stand (as cuttidds30 cm long, or 90 cm long) with a success
probability near to 100 % [8-12]. So the vegetati@production of a selected genotype is very fast
and simple.

In Italy many different types of vegetative matkidike cuttings with variable length, one or two
year old stems), planting machines and plantatiethods [13-15] were tested in the past.
Currently, the short rotation coppices (SRC) atal@shed with cuttings 20-30 cm long and with a
diameter above 1-2 cm; for each cutting it is gassto obtain one or more sprouts, but whether

done manually or with dedicated machines (like Ro{&6], each cutting should be planted
2
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individually in a row. Considering the high densitiySRC (5000-10000 trees-Halabor and time
for cuttings preparation and planting has a veghtuost [17].

Taking advantage of the rooting ability of popladawillow, an experiment was set up to evaluate
an alternative planting method that uses horizosteins instead of cuttings, to avoid the costs of
cutting preparations. Indeed, in many natural sitma and especially in a river basin environment
or in traditional poplar stands, the alive branctied fall on the ground horizontally after pruning
produce roots and new trees in the spring. Depgndm branch or stem portion length, it is
possible to count one or more alive sprouts. Tharacteristic can be exploited to maximize the
cost/benefits ratio in the planting phase (mainlgultivations) as the SRC don't yet ensure swetabl
rents; in fact, a new method of planting baseduarh £haracteristics could reduce both the cost for

material production and the time for stand esthbiient.

2. Material and methods

The main aim of the research herein described @stisathew method of planting poplar and willow
SRC, utilizing stems or stem portions, avoidingtiogs preparation. The goal is to determine the
sprouting ability, growth and productivity of SRCaptations established with this new planting
method.

Three experimental plots were established frormgpti997 to spring 2006 on the ‘Mezzi’ farm of
CREA-PLF in Casale Monferrato (AL), northern Italy.

The first experiment (CM1) compare horizontal pilagtof one year old stems (350 cm long) with
the cuttings method of SRC plantation (cuttingsl@f 20 or 30 cm long, vertically planted in the
soil). CM1 used the most cultivated poplar clondtaty, P. xcanadensisl-214’, and the results
confirmed the possibility of planting poplar honizally.

The second experiment, CM2, tested the horizomaalting with improved material: from the basal
and median part of each stem were obtained 2 psrti®0 cm long, while the apical part was

discarded. These are named in the paper ‘cutliBm long'.
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The experiment also compared behavior of two speaigooplar was compare®. xcanadensis
and P. deltoides(cuttings of the latter generally have a poor irgptability [9]). In the third
experiment, CM3, the method of horizontal plantings applied to a wider number of poplar
clones and it was extended to willow clones. Thipegiment also tested a prototype planting
machine made in collaboration with the researcharsthe University of Turin, ltaly (its
characteristics will be explained in a separateepap

Finally, this new plantation method was appliedtwo other sites, Cannara (PG) in the region of
Umbria and Chioggia (VE) in the region of Veneto,tést its response with different clones and
other soil and climate environments: in a heavy $BiG, central Italy) and a peat soil (VE, north-
eastern Italy). Table 1 summarizes the main inféionaof all trials, including the clones tested.

In all trials, the stems were harvested from aldbed in January and stored at 0-4 °C until it was
time to produce the planting material that neededée re-hydrated for at least 2 days before
planting (water immersion).

The planting method for horizontal stems and lontjimgs consisted in opening a furrow, 5-10 cm
deep, using a small ploughshare the operator neudbivn the stems (CM1) or long cuttings (other
trials) in such a way that the upper part of onerlaps the basal portion of the next; the furrow is

then closed.

21  Mezzi farm, Casale Monferrato (AL)

The ‘Mezzi’ farm of CREA-PLF is located in CasaleoMerrato in nothern Italy, on the river Po
floodplain (Lat45°08’N, Long08°27’E, Alt116 m aslyhe climate is sub-continental with a mean
annual temperature of 13 °C and rainfall of abdb® ™m per year (with 400 mm during the
vegetative season, from April to October). The s®ikandy-loam [18]. The water table is not

available for trees as it is at an average depthrof

211 First trial: CM1
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CM1 was carried out in spring 1997. One-year dldms of clone ‘I-214’ were planted
horizontally: stems were 350 cm long and the appeat of each stem (50 cm) was laid over the
bottom part of the next. This plantation method waspared with traditional cuttings plantation
(vertical planting). The cuttings were preparedliffierent ways: the cuttings long 10 cm (Gg)tt

30 cm (Cutip) and part of the cuttings 20 cm long (Gg)ttvere mechanically prepared with a band
saw; another part of cuttings 20 cm long was madyaald accurately prepared (Cuif), choosing
the best buds. Both cuttings and stems were manplkahted. Inter-row spacing was 1.80 m and
inter-plant distance between vertically plantedtinogs was 0.70 m. A plot included 30 vertically
planted cuttings or 7 horizontally planted stemsaAdomized complete block with 5 replications
was the experimental design applied. Soil was gledg(35 cm) and harrowed before planting.
Weed control was performed with a three disc haraod a manual hoeing along the rows during
the growing season. Three sprinkling irrigationS (Bm each time) were applied during growing

season to support shoot growth.

212 Second trial: CM2

CM2 was established in Spring 2004 with cutting® tih long deriving from the basal-medium
portion of the stem. Three different clones, dhexcanadensisNeva’, and twoP. deltoides
‘Dvina’ and ‘Lena’ were tested.

Three randomized blocks were applied to evaluateusing and growth ability. Soil was ploughed
(30 cm) and harrowed befor@lanting. Weeds were controlled by applying cheisica
(Metholachlor2.5 |-h& + Pendimetalin2.5 |- h&) immediately after plantation. Between rows, the
soil was disc harrowed twice during the vegetateason of the first year; in addition, two
sprinkling irrigations with 80 mm of water were deé due to sandy soil for support the young
trees during the dry season. One treatment @ittorpyrifos-methil+ Deltamethrin2 kg-ha was
needed again&hrysomela populL. The clones selected are resistant or toleratiié other main

poplar diseases [19].
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213 Third trial: CM3

CM3 was planted in spring 2006; it covers a surfaic2500 ni and it is a SRC plantation with 7
poplar clones and 3 willow clones. The spacing betwrows is 2 m. The experimental design was
randomized complete blocks with 3 replicationsld-greparation and field management were done

in the same way as for CM2.

2.2 Cannara (PG)

Cannara is located near Perugia, in Central Itdlgt42°59’'N, 12°34’E, Alt185 asl). The
experimental trial was within a commercial standtthovers a surface area of more than 6 ha.
Mono-clonal plots, with a surface area of 37% were completely randomized with 3 replications.
In spring 2007, due to the high clay content, thié was prepared using subsoiling to reduce soil
compaction before being plowed and harrowed. Helbscwere not applied during plantation or
plant establishment, no disease control was caougdand no irrigation or fertilization was cadie
out; only one weeding (mechanical control) was eddd each vegetative season. Cuttings 120 cm
long of 19 clones oPopulusandSalix genus were horizontally planted with an inter-rdiatance

of 2.50 m.

2.3 Chioggia (VE)

The site in Chioggia includes different trials wgbplar, willow and others tree species growing on
agricultural soils derived from reclaimed land I tdelta area of the Po river. The trial of interes
using cuttings 120 cm long horizontally plantedvexs a total surface of 1.2 ha, and was
established on three fields with a similar areagach field four clones were tested: ‘I-21#. (
xcanadensi} ‘Imola’ (P. xcanadensis ‘Vesten’ P. xcanadensis and ‘Baldo’ P. deltoide} all
planted in spring 2014 in single rows with an i@ distance of 4 m. After corn cultivation,

minimum tillage was applied; weed control was perfed with repeated mulching and two manual
6
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hoeings along the rows. Neither irrigation (watlé is at a depth of 50 cm) nor disease control

were necessary.

24 Field measurements and analysis
In all the plots, the following measurements wesdqgrmed at the end of the first year:

- number of alive sprouts per meter (sp)m

- diameter at breast height (Dbh) in mm;

- total height (H) in cm.
In Cannara (PG), due to scarce growth, height amdber of sprouts were measured in the first
year, while diameter and height were repeatedeagétiul of the third year.
Utilizing the sp n values, the final plantation density (Dens) wakdated in trees hg and
aboveground dry biomass vyield (B) in oven dry tpes hectare (Odt FHa or oven dry tons per
hectare and per year (Odt*hg™) utilizing a regression equation from diameter (iDland dry
weight (DW), [20-22]. Data were analyzed with ANOVa&nd a post hoc test was performed when

possible, utilizing R software (R Core Team, 20/P3)24]

3. Results

31 CasaleMonferrato, CM 1

The differences in performance between types oferi@twere statistically significant for all
factors analyzed: diameter at breast height, twaht, number of sprouts per meter, and biomass
yield. The sprouts of stems horizontally plantedcteed a higher diameter at the end of the first
vegetative season, 22 mm, compared with a genegahnof 18.6 mm; the same was true for
maximum height (336 cm for horizontally plantednsse compared with a mean of 292 cm). The
best result of number of sprouts per meter (3 was measured on trees derived from cuttings 30
cm long (Cuti), that, producing on average 1.4 sprouts per mbtere a rooting near to 100%.

The other best result of sprout production waseadd with cuttings manually prepared and 20 cm

7
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long (Cutkorm); with 1.3 sprouts per meter this underlines thpartance of a good were apical bud.
All the sprouts of each stem started along thelbagidle part, and more than one meter of stem in
the apical part had no sprouts.

Trees derived from Cutgave the best biomass yield (4.21 Odt k@), directly followed by trees
derived from stems horizontally planted (3.58 Odt g?), whereas the shorter cuttings prepared

with a band saw (Cu#gand Cutfg) had the lowest growth and lowest yield (Table 2).

3.2 Casale Monferrato, CM2

Among the genotypes tested, the clone ‘Neva’ redcheproduction of 5 sprouts per meter
(significantly different from others clones) andsabiomass yield was higher but not statistically
significant (Table 3). Since all material was etyjuptepared, and cultural inputs were the same, the
differences among clones are due to genetic factarghis experiment, with the same time
commitment, machinery and material, with the chaita suitable genotype it has been possible to
achieve an approximately 5-fold increase in plaotatiensity and 2-fold increase in biomass yield

(Figure 1).

3.3 Casale Monferrato, CM3

Statistically significant differences were foundvween clones, for all factors considered (plantatio
density analysis is the same for sp because density comes from a simple calculati®njtings
120 cm long produced, as a general mean of theriexgrat, 3.2 sprouts per meter, but the best
clone (‘SE65-066") reachedl sprouts per meter. The mean height at the ertdeofirst year was
315 cm; ‘Levante’ reached 393 cm, followed Bydeltoides84-078’ which reached 373 cm. The
maximum diameter was measured on Ehealeltoidesclone '85-037’. Mean biomass yield was 8

Odt ha', though cloné. xcanadensigOrion’ for example yielded 12.7 Odt Ha
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The final density tended to be very high, near@8( — 25000 trees HaTo obtain the same result
with a traditional plantation method would demantbigh cost for the cuttings preparation, and a
huge time commitment for field planting [25].

A contrasts analysis was performed between thergeyaplar and willow, and between spedfes
xcanadensisand P. deltoides Differences between poplar and willow were sigaifit for all
factors: the willows reached a greater height, pced a higher number of sprouts and had a higher
yield, but the poplars had a larger diameter. Amibregpoplar specie®,. xcanadensilones were

higher tharP. deltoidedor all factors (Table 4).

34 Cannara, PG

The comparison of different poplar genotypes imi@aa (PG) highlighted a variable behavior of
sprouting, growth and biomass production, with aevdifference between the best and worst
genotypes (Table 5); the highest sprouts produdtiom cuttings 120 cm long was reached by
‘Diva’, and overallP. xcanadensislones had a higher sprout (about 2.5- 3 §) whereas some
P. deltoidesclones had a low sprouting ability in this enviment and with this plantation method
(from 1 to 2 sp ). The mean height at the end of the first year ®#@k.1 cm; the differences
among the clones were not statistical significihe mean diameter at the end of the third year was
32.9 mm; theP. deltoidesOglio’ reached 51 mm. The mean height at the @nithe third year was
501.3 cm; the differences among the clones weteststal significant, and the higher clone was
‘Imola’ with a mean of 693 cm. The clone ‘Oglio’gjiled 13.23 Odt Kay ™, followed by ‘Baldo’
with 11.49 Odt hd y*. Among willows, clone ‘S76-008%alix babylonicahybrid) had the highest
yield, 4.50 Odt hay™. A contrasts analysis was performed between ¢nerg poplar and willow,
and between speci® xcanadensiandP. deltoidesDifferences between poplar and willow were
significant for the three variables measured at ¢he of third year: poplars reached larger
diameters, greater height and higher yield. Amdmggdoplar specie$]. xcanadensiclones were

higher butP. deltoideshad a larger diameters and produced a higher yield
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35 Chioggia (VE)

The clones of poplar tested in the trial of Chieggad a similar behavior ahovatest did not
give significant values (Table 6). The average sfa@roduction was 0.7 per meter, corresponding
to a density of about 1680 trees'l{mter-row spacing was 4 m); diameter at breasytiteieached

a mean value of 15.7 mm, but only the clone ‘Baldad a higher than average value (19.2 mm).
Average height was 248 cm. Mean biomass yield waé @dt hd, though cloneP. deltoides

‘Baldo’ yielded 0.58 Odt Ha

4, Discussion and conclusions

In poplar cultivation, the importance of studiesplanting material depends on their possibility to
reduce costs and time for material production atahting, while contemporarily improving
biomass yield [26, 16]. In some studies on willB®RC grown in the UK, it has been calculated
that the costs for material preparation determnoeirad 47% of the plantingvestment [27], while,
material preparation plus establishment count ¥ 6and it should be kept in mind that soill
preparation is a necessary activity for most cri@®. More recently in Germany, Schweier and
Becker [29] calculated that poplar establishmeninte for 13% of the total costs of ten years of
cultivation.

In the first experiment (CM1), tests on cuttingdém method of cutting preparation (mechanically
and manual/accurately) and planting method (vdrtarahorizontal) reflects the necessity to
improve material production (cutting lenght, mopeasits from one stem), and planting time (wide
surface planted faster through horizontal dispmsitf long stems). The results obtained for clone
‘I-214’ demonstrate that cutting length affects thenber of sprouts per meter, growth and biomass
production; indeed the growth of cuttings 10 cmglonas significantly lower than for other
cuttings. Cuttings 30 cm long produced a signiftahigher number of sprouts per meter, which is

in agreement with previous results obtained bydfriand Piotto [30]; for the cuttings 20 cm long,
10



252  the accurate preparation positively influencedgtewth results; in other experiments the influence
253  of preparation method was barely perceptible anslwed statistically significant [31, 32]. The yield
254  obtained from horizontal stems did not statisticdiffer from the yield obtained by cuttings 30 cm
255 long (that had the highest yield among cuttingd)e Bubsequent experiment CM2 with ‘Neva’,
256 ‘Dvina’ and ‘Lena’, conducted with a more appropei&ype of horizontal stem (120 cm long), gave
257 important first results about the potential of gsimproved material, and it also gave some
258 indication about the behavior of different genot/p€&he good rooting and sprouting ability F®f
259 xcanadensisgenotypes shown, with traditional planting methau, different environmental
260 conditions [33, 34] was also apparent with horiabptantation: the clone ‘Neva’ reached a density
261  of more than 28000 trees haa value that via the traditional method of pléntawould incur high
262 economic and energetic costs [16]. With the thixdegiment (CM3) it was possible to probe the
263 response to horizontal plantation among a widegeanf genotypesP. xcanadensiclones had
264  better sprouting results th&h deltoidesand on average willow performed better than thelars
265 and reached results in accordance with Lowthe-Tlsomeal. [28]; in the environment without
266 limitations on water, the number of sprouts strgnghd positively influenced the final biomass
267 production, even though sorfe deltoidessuch as '85-037’, still produced a high biomass tb
268 their large diameter. With the trial of Cannaravés possible to test the same and other genotypes
269 on heavy soil condition. Also in this trial, maRy xcanadensiglones produced a high number of
270 sprouts, but with small dimensions: the effectdefsity on growth, survival and biomass vyield
271 were well explained by Bullardt al [35] for willow; the underlying issues are reldt® the lower
272 growth diameter and higher mortality at very hidganpation densities, referable to an effect of-self
273  thinning, tied up to the LAI and the pedologicab#abilities [36]. Nevertheless, high density is
274  linearly correlated to high biomass yield duringfiyields. In this trial (PG), at the end of thestf
275 year, the average height was 101 cm and it wasissiple to measure dbh; the growth was lower
276  with respect to other trials. With reference ordythie willow species, this was most likely due to

277  lack of water (no irrigation and low rainfall); senauthors [37] have found that for willow planted
11
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with the layflat method, drought can have sericupdacts during establishment: cuttings 120 cm
long, superficially planted (5-8 cm) are much maresceptible to drying out, compared with
cuttings vertically planted that can use the wateailable in the soil up to a depth of 30 cm.
Finally, in the trial of Chioggia, established ogap soil, it is clear that the low productivity,roed
from low number of sprouts per meter and sprout etisions depends on environmental
characteristics: all the clones had poor resulid ao significant differences were obtained by
Anova; the density obtained (near to 1700 tre€Y fsasimilar to 5-y rotation model, another most
utilized model in Italy. Interesting results may bktained in the next years; in another trial of
Casale Monferrato [38], comparing the high densitdel with harvest every 5 years and the very
high density model with harvest every two years, fdirmer shows low tree growth and production
values during the first and second year, but, sylesetly, a rapid growth of trees brought about a
greater biomass yield compared to the second model.

For poplar and willow, that show a very high spmogtability in vegetative reproduction, the
method presented in this paper (cuttings 120 crg lmorizontally planted) may represent a valid
alternative to short cuttings vertically plantedpecially for SRC and stool-beds with very high
density. However, we must emphasize that the plaitation density that can be obtained via this
method can only be estimated during the planniragehas the exact density achieved will depend
on many factors. In fact, the Authors' opinionhattdifferent species and clones respond diffeyentl
and generally the genotypes that show high rootaiges with traditional cuttings [33-34], also
show high sprouting ability with horizontal plarginProbably, this new method incurs a reduced

time and costs for material preparation and planitid].
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