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Introduction
The international discussion on the climate 

change  and  the hypothesis  that  it  is  deter-
mined  also  by the  human  activities  fosters 
the renewable energy uses. Renewable ener-
gy uses play a key role to honor the commit-
ments  that  Italy has  signed  with  the Euro-
pean  Commission  in  order  to  achieve  by 
2020 for the whole Europe: (i) a reduction of 
20% in energy consumption; (ii) a reduction 
of 20% in CO2 emission compared to 1990; 
(iii) more than 20% of the total energy de-
mand will come from renewable energy. The 
Short Rotation Forestry (SRF) is one of the 
measures indicated by the article 3.4 (addi-
tional  activities)  of  the  Kyoto  Protocol 
(Schulze et al. 2002); they serve as feedstock 
for the pulp and paper industry but also can 
be  established  specifically  to  address  the 
feedstock  needs  for  energy  or  biofuel  in-
dustry  and  to  combat  desertification  pro-
cesses. Among these, the woody biomass at-
tracts great attention as a renewable energy 
and as alternative to fossil  fuels (e.g.,  fire-
wood,  wood  chips  and  pellets).  The  wood 

biomass  production  for  energy  has  promi-
sing productive and environmental benefits, 
with a minor impact on food markets, and a 
significant potential to lower net CO2 emis-
sions in the environment and improving the 
energy  balance  (Smith  1995,  IPCC  2007, 
Muller  2009).  SRF  system is  an  intensive 
cultivation:  the  fast-growing  hardwoods  at 
high  density are employed and the average 
period  of  rotation  is  less  than  10  years 
(Rockwood et al. 2004). The Italian interest 
of SRF as a renewable energy began in the 
1990s.  Based on recent inventories (Bisoffi 
et al.  2008,  Verani et al.  2009), the Italian 
surface of SRF was estimated around 7 000 
hectares,  mostly  established  in  northern 
Italy,  where  the  regional  services  of  Lom-
bardy, Veneto, Piedmont and Friuli released 
goods  grants  to  establish  and  manage  the 
SRF. Also European actions aimed to pro-
mote and extend the SRF since 2005 (Bio-
mass Action Plan).  Poplars  (Populus  spp.), 
especially modern hybrids, are well adapted 
to site conditions in Italy, and are the most 
common  tree  species  used  in  SRF  planta-

tions (Paris et al. 2011) because they show 
great plasticity over a wide range of habitats. 
However,  most  regions  in  central  Italy are 
affected by long summer dryness,  resulting 
to be a suboptimal site for poplar cultivation, 
due to the very high water consumption of 
the woody crop in comparison with northern 
latitudes. For this reason some poplar clones 
were  selected  for  growing  in  suboptimal 
sites of Italy.

Other  species  for  SRF,  such  as  willow 
(Salix spp.),  black locust  (Robinia  pseudo-
acacia L.) and eucalyptus (Eucalyptus spp.) 
are  still  under  research assessment  and  are 
not  commercially  available  yet  (Scara-
scia-Mugnozza  et  al.  2007).  This  was  be-
cause  Robinia is strongly sensitive to water 
limiting; eucalypts  are particularly sensitive 
to low winter temperatures; willows are also 
sensitive  to  water  limitations.  Indeed,  they 
are currently used in others European coun-
try like  Sweden  (Mola-Yudegoa  & Arons-
sonb 2008), Hungary (Rédei 1998) and Por-
tugal (Reed et al. 2003).

The  SRF,  owing  to  the  high  density and 
competition,  grows with water and light  li-
mitations,  associated  with  susceptibility  to 
pest  attacks  (Giorcelli  et  al.  2010).  Hence, 
SRF plantations should be planted on “op-
timal  sites”,  with  the  support  of  “optimal 
cultural  practices” to  have higher  producti-
vity. Choosing the best planting density/spa-
cing resulted to be a key-decision to ensure 
high production and high survival over time. 
This was because SRF plantations are cha-
racterized  by continuous  growth  after  their 
cutting,  providing  a  living  inventory  of 
available biomass. Generally, harvesting of a 
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Short Rotation Forestry (SRF) plantations are estimated around 7 000 hectares 
in Italy, mostly established in northern regions. Recently thousands hectares of 
SRF were established in central and southern regions of Italy also (especially in 
Latium and Molise) due to the promising introduction of new clones resistant to 
summer water limiting and pest  attacks.  A poplar  SRF plantation was esta-
blished in central Italy in order to investigate the influence of site conditions 
and planting densities/spacings on the growth and yield production of three hy-
brid  poplar  clones  (AF2,  AF6  and  Monviso).  Cuttings  of  each  clone  were 
planted  at  two  different  densities/spacings  and  planting  design  as:  (a)  low 
density  =  7 140 cuttings  ha-1 in  a  single-row design (SR);  (b)  high density= 
10 360 cuttings ha-1 in a twin-rows design (TR).  Growth (both diameter and 
height)  and  yield  were  evaluated  after  biennial  (2006-2007)  and  triennial 
(2008-2010) rotation. Relationships between fresh weight and diameter were 
determined to calculate the yield of each clone expressed in MgDM ha -1 years-1. 
At the end of the triennial rotation (2010) all poplar clones showed very high 
stump survival rates with higher values in SR (89.9%) compared to TR (85.6%). 
AF2 clone can be advisable thanks to the higher yield production than both 
AF6 and Monviso. Considering planting densities/spacings, SR seems to be more 
advisable than TR in order to obtain a good biomass production and a low 
planting costs. Considering the coppicing cycles, triennial rotation allows hi-
gher annual yield production (average value of 13.0 MgDM ha -1) than biennial 
rotation (average: 10.1 MgDM ha-1).

Keywords: Short Rotation Forestry, Hybrid  Populus Clones, Coppicing Cycles, 
Yield, Growth, Optimal Density
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SRF is carried out every two years (biennial 
rotation) over 5-6 coppicing rotations in or-
der to obtain about 10-12 Mg ha-1 year-1 of 
dry above-ground biomass (Armstrong et al. 
1999,  Pontailler  et  al.  1999,  Benetka et  al. 
2002,  Facciotto et al. 2006,  Di Muzio Pasta 
et al. 2007,  Verani & Sperandio 2008,  Fara 
et  al.  2009).  Several  experiments  have ob-
tained new or already-in-use clones for bio-
mass production (Mau & Impens 1989,  Ba-
ratto et al. 2008,  Trnka et al. 2008). Hence, 
the  biennial  and  annual  yield  of  SRF  has 
been extensively assessed by several studies 
(Minotta & Muzzi 2007, Spinelli et al. 2008, 
Pannacci et al.  2009), many of which have 
focused on clonal poplar experiments, aimed 
at  testing  the  productivity  and  pests  resi-
lience (Filat  et  al.  2010)  under  contrasting 
latitudinal  sites  and  experimental  trials 
(Kauter  et  al.  2003,  Mareschi  et  al.  2005, 
Paris et al. 2011), but few studies have con-
tinuously  monitored  the  growth  of  a  SRF 
during its vegetative cycle.

The general objective  of this  work is  the 
assessment  of  productive  characteristics  of 
three selected poplar clones (AF2, AF6 and 
Monviso) to site conditions of central Italy, 
as affected by the rotation cycles, as well as 
by  the  planting  density,  comparing  low- 
(7 140 cuttings ha-1) vs. high-density (10 360 
cuttings ha-1) plantations.

Materials and methods

Site descriptions, plant material and ex-
periment layout

The experimental plantation (total surface: 
4  ha)  was  established  in  2005  within  the 
farm  of  the  Agricultural  Engineering  Re-
search  Unit  of  the  Agricultural  Research 
Council  (CRA-ING),  30  km east  of  Rome 
(Monterotondo; 42° 06’ N, 12° 37’ E), on a 
flat field, with a clay-loam soil texture and a 
low level of soil organic matter, nitrogen and 
phosphorus (Colorio et al. 1996). Both pre- 
and  post-planting  agronomic  practices  are 
shown  in  Tab.  1,  according  to  the  recom-
mended management practices in Italy (Fac-
ciotto  1998).  The  plantation  was  only irri-
gated  with  an  emergency-irrigation  in  July 
2005 (1400 m3) to promote a better rooting 
of cuttings.  Cuttings  had  a length  between 
220 and 280 mm with a maximum diameter 
of 28  mm. In  order  to  favor  the  coppice’s 
growth, a “cut back” at the end of the first 
vegetative season (2005) was carried out. At 
this date the average yield of the plantation 
was 1.9 MgDM ha-1.

Meteorological  data  (average annual  tem-
perature and annual precipitation) were col-
lected  from  a  nearby  station,  located  few 
meters from the plantation. These data were 
calculated over the five observed years (from 
2006 to  2010)  and  compared with  the last 
ten years (from 2001 to 2010 - Tab. 2). An-
nual  precipitation  reached  a  maximum  of 

927.2 mm for the year 2009 and a minimum 
of 473.0 mm for the year 2007. May-August 
precipitation  values  were  similar  among 
years  (except  2007),  with  a  mean value  of 
the last 10 years of 42.3 mm. Average annual 
temperature  during  the  study  period  was 
15.7  °C,  whereas  for  the  same  period  the 
average  monthly  temperature  for  July  was 
25.4  °C,  with  a  mean value  of the last  10 
years of 15.3 °C. Drought period was shorter 
in the years 2008-2010 (3.5 months) than in 
years 2006-2009 (5 months).

Three poplar  clones were evaluated:  P.  x 
canadensis Moench “AF2”, P. nigra L. x P.  
x generosa  A. Henry “AF6”,  P. x generosa  
A. Henry x P. nigra L. “Monviso” (Picco et 
al.  2007). They are the most trade between 
those  selected  for  biomass  production  and 
for  their  resistance  to  natural  infections  of 
Melampsora spp. and  Marssonina brunnea. 
To test the influence on growth of density/ 
spacing, the plantation was established with 
two  different  planting  designs,  differing  in 
densities  and  spacings,  both  as  single  and 
twin rows, hereafter called “SR” and “TR”, 
respectively; (i) low density (7 140 cuttings 
ha-1) were placed in a SR (2.80 m between 
the rows and 0.50 m along the row); (ii) high 
density (10 360 cuttings ha-1) were placed in 
a  TR (2.80  m between  twin-rows,  0.75  m 
between  the  row  forming  a  pair,  0.50  m 
along the rows).

The experimental data were recorded from 
2007 to  2010,  in  order  to  test  two experi-
mental treatments (factors): (i) two planting 
densities/spacings (main plot); and (ii) three 
clones (sub-plot). Each clone of SR was re-

plicated  six  times  on  elemental  plots  (18 
plots totally) with a unit surface area of 67.2 
m2. In the TR, each clone was replicated four 
times (12  plots  totally)  with  a unit  surface 
area of 57 m2. The size of SR and TR plots 
were respectively 8.4 m x 8 m (three rows 
and 16  stumps per row) and 7.1  m x 8 m 
(two twin-rows and 32 stumps per row).

Field performance measurements  
(growth and yield)

Field performance was evaluated yearly by 
measuring  the  diameter  at  breast  height 
(DBH) of all shoots in each replicated plot. 
Total  height  (H)  was  measured  on  thirty 
shoots  for  each  clone,  in  each  replicated 
plot. A tree caliper (Silvanus type 1208, ac-
curacy 0.5 cm) was used for measuring the 
DBH  and  a  logger’s  tape  for  determining 
tree height after felling.

In order to assess the yields for each clone, 
allometric  relationships  between  fresh 
weight  and  DBH were  determined  in  both 
SR and TR using non-linear regressions ac-
cording to  Al Afas et al. (2008) and  Verani 
& Sperandio (2008) as follows (eqn. 1):

where Y is the fresh weight of shoot (kg), x is 
the DBH (cm) and a and z are the regression 
parameter to be determined. To estimate the 
parameters a and z, a destructive sampling of 
180  living trees (30 shoots  x 3 clones x 2 
density) was made. To obtain the dry weight 
from fresh weight,  the  moisture  content  on 
45  shoots  (15  per  clone)  was  determined. 
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Tab. 1 - Main agronomic practices in the studied plantation.

Proceding crop Wheat
Plowing deep (cm) 80
Fertilization (kg ha-1) 100 P2O+100 K2O
Harrowing deep (cm) 15
Planting date March 2005
Chemical weed control Post-emergence
Top dressing (kg ha-1) 100 N
Irrigation (m3 ha-1) 350 (July 2005)
Cut-back date February 2006
Harvesting date December 2007; March 2011

Tab. 2 - Summary of main meteorological characteristics during the study period (2006-
2010) and for the last ten years (2001-2010). Data and metadata of PET (potential evapo-
transpiration for Monterotondo site) were extrapolated from the database of the Research 
Unit  for  Climatology  and  Meteorology  applied  to  Agriculture  (CRA-CMA).  Source: 
http://old.politicheagricole.it/ucea/forniture/index3.htm

Year
Annual
Rainfall

(mm)

Rainfall
May-August

(mm)

PET
(mm)

Aridity
Index

(P/PET)

Average
Annual Temp

(°C)

Average
Temp July

(°C)
2006 512.6 30.3 - - 15.8 27.2
2007 473 18.5 - - 16.5 25
2008 780.5 49.5 - - 15.5 24.5
2009 927.2 65.4 - - 15.6 24.5
2010 905.3 75.4 - - 15 25.7

2001-2010 627.5 42.3 1010 0.62 15.3 25.4

Y=a xz

http://old.politicheagricole.it/ucea/forniture/index3.htm


Field performance of poplar for bioenergy 

Shoot fresh weight was measured on woody 
disks  taken  from  basal,  middle  and  upper 
parts of the stem just before each coppicing 
cycle.  Woody  disks  were  immediately 
weighed in the field with  a precision scale 
(Orma model  BC16D)  and  then  taken into 
the  laboratory  for  moisture  determinations, 
according to the thermo-gravimetric methods 
(UNI ISO 3130 1985, UNI 9091 1987). The 
results  of  non-linear  regressions  between 
fresh weight and DBH are reported in  Tab.
3.  Except  the  clone  AF6  of  TR  in  2007 
(R3S2),  observed coefficients of determina-
tion  (R2)  from regression  analysis  were al-
ways  larger  than  0.8.  Yield  (expressed  in 

MgDM ha-1) of each clone was obtained by 
multiplying the estimated weight (using the 
specific allometric equation)  of each single 
shoot for the number of the shoots per hec-
tare.

Field  performance  in  the  following  gro-
wing stages was evaluated as: roots aged 3 
years  and  stems aged  2  years  (R3S2,  year 
2007 just  before the first harvesting);  roots 
aged 4 years and stem aged 1 year (R4S1, 
vegetative season 2008); roots aged 5 years 
and  stems  aged  2  years  (R5S2,  vegetative 
season 2009); roots aged 6 years and stems 
aged 3 years (R6S3, vegetative season 2010 
just before the second harvesting).

Statistical analysis
Data collected on DBH, H, yield,  number 

of  shoots  ha-1 and  shoots/stump  ratio  were 
compared  among  clones  and  analyzed  by 
two-way  ANOVA  in  each  separate  year 
using PRISM software version 4.01 (Graph-
Pad  Software,  Inc.  San  Diego,  CA,  USA). 
Measurements on individual trees were used 
as observations, whereas densities (2 levels) 
and clones (3 levels) were defined as factors. 
When  significant  differences  (α =  0.05) 
between means were detected, post-hoc tests 
were performed  using  Tukey HSD test  for 
determining significance. Pairwise Student’s 
t-test  was used  to  test  differences in  wood 
moisture content between R3S2 and R6S3.

Results 

Effect of clone on growth and yield
Variability among clones was observed in 

most  of  the  studied  parameters  in  R3S2, 
R4S1, R5S2 and R6S3 respectively (Tab. 4 
and Tab. 5). Apart R3S2 where non-signific-
ant  differences  in  DBH and  stool  survival 
were detected, AF2 clone usually has always 
shown  a  better  growth  performance  com-
pared to AF6 and Monviso clones. Yield in-
teractions  between  density  and  clone  were 
significant in both R3S2 and R6S3 and re-
flected the much greater increases for TR in 
R3S2 and for clone AF2 in R6S3.

Considering that the moisture content  ob-
served in R3S2 and R6S3 showed non-signi-
ficant differences among clones and among 
densities  with  an  average  value  of  54.2% 
(Tab.  6),  yields  obtained  from both  R3S2 
and  R6S3  showed  significant  differences 
among clones  (P<0.05  for  both).  This  was 
because  AF2 clone  gave  the  highest  mean 
yield  (11.0  MgDM  ha-1 year-1),  whereas 
Monviso the lowest mean yield (8.8 MgDM 
ha-1 year-1) in R3S2. Similarly, yield of AF2 
clone  also  reached  highest  mean values  in 
R6S3 (13.9 MgDM ha-1 year-1) compared to 
both  AF6  and  Monviso  clones  (13.2  and 
12.0  MgDM  ha-1 year-1 respectively).  This 
was because at the end of the triennial rota-
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Tab. 3 - Relationships between fresh weight and DBH for each clone and planting design 
observed at the end of the two coppicing rotations.

Planting
Design Clone

2007 (R3S2) 2010 (R6S3)
a z R2 a z R2

SR - 
Low density

AF2 0.252 1.94 0.84 0.363 1.92 0.93
AF6 0.17 2.25 0.84 0.302 2.09 0.96

Monviso 0.136 2.52 0.96 0.327 1.98 0.92
TR - 

High density
AF2 0.218 2.01 0.92 0.451 1.69 0.94
AF6 0.188 2.19 0.63 0.488 1.81 0.94

Monviso 0.335 1.84 0.9 0.939 1.21 0.92

Tab. 4 - Main effect of experimental treatment on both growth and yield at the end of the bi-
ennial rotation (R3S2). Means in vertical sequence not followed by the same letter are signi -
ficantly different at P = 0.05, according to Tukey’s HSD test. (ns): not significant; (*): P =  
0.05; (**): P = 0.01; (***): P = 0.001.

 Treatment
Growth year 2007 (R3S2)

DBH
cm

Height
m

Shoots
plant ha-1

Shoots/
Stump

Survival 
%

Yield 
Mg ha-1 y-1

AF2 2.6 a 4.8 a 28 552 a 3.6 a 92.2 a 11 a

AF6 2.7 a 4.6 a 28 197 a 3.8 a 90.6 a 10.8 a

Monviso 2.7 a 5.3 b 21 780 b 2.9 a 92.5 a 8.8 b

TR - High density 2.9 2.7 24 214 2.6 89.3 11.8
SR - Low density 2.4 4.8 28 180 4.2 94.2 8.5
Average 2.7 4.9 26 176 3.4 91.7 10.1
Clone ns *** ** ns ns *
Density ns ns ** ** * **
Clone x Density ns ** ** ns ns ***

Tab. 5 - Main effect of experimental treatment on both growth and yield at the end of the triennial rotation (R6S3). Means in vertical se -
quence not followed by the same letter are significantly different at P = 0.05 according to Tukey’s HSD test. (ns): not significant; (*): P =  
0.05; (**): P = 0.01; (***): P = 0.001.

Treatment

2008 2009 2010
1st year (R4S1) 2nd year (R5S2) 3th year (R6S3)

DBH
cm

Height
m

DBH
cm

Height
m

DBH
cm

Height
m

Shoot
plant ha-1

Shoot/
Stump

Survival
%

Yield 
Mg ha-1 y-1

AF2 1.8 a 3.7 a 2.6 a 6.7 a 3.3 a 6.7 a 27 551 a 3.3 a 90.2 a 13.9 a

AF6 1.4 b 3.2 b 2.2 b 6.0 b 3.1 a 5.7 b 25 612 c 3.4 a 84.3 b 13.2 a

Monviso 1.5 b 3.3 b 2.0 b 6.4 a 2.8 b 6.7 a 26 639 b 3.5 a 88.9 a 12.0 b

TR- High density 1.5 3.4 1.9 5.7 2.7 6.2 28 840 3.0 85.6 12.2
SR - Low density 1.6 3.4 2.3 6.3 3.4 6.6 24 361 3.8 89.9 13.9
Average 1.5 3.4 2.1 6.0 3.1 6.4 26 601 3.4 87.8 13.0
Clone *** *** *** *** ** ** * ns * *
Density ns ns ** *** ** ns ** ns * *
Clone x Density ** ns ns ** ns ** ** ns ** **
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tion, AF2 showed both highest stump survi-
val (90.2%) compared to AF6 (84.3%) and 
Monviso  (88.8%),  and  highest  number  of 
shoots (27 751 trees ha-1) compared to those 
of the other two clones (25 612 and 26 183 
shoots ha-1 for both AF6 and Monviso).

Effect of density on growth and yield
Density  had  significant  effects  on  both 

growth and yield in R3S2, R5S2 and R6S3, 

whereas  non-significant  differences  were 
found in R4S1. In R3S2 we observed a den-
sity effect on shoots/stump ratio with highest 
values observed in SR compared to TR. At 
the end of the triennial  rotation (R6S3) the 
SR showed  higher  yield  (13.9  MgDM ha-1 

year-1)  compared  to  TR (12.2  MgDM  ha-1 

year-1). Conversely, at the end of the biennial 
rotation  (R3S2)  the  highest  yield  was  ob-
tained in TR (11.8 MgDM ha-1 year-1) com-

pared to SR (8.5 MgDM ha-1 year-1). Density 
effect on growth (DBH and H) was time de-
pendent as indicated by two different growth 
phases. The first phase was characterized by 
the absence of a density effect, which lasted 
2 years (i.e.,  R3S2 and R4S1).  Conversely, 
the second phase was characterized by an in-
crease in R5S2 and R6S3. This could be ex-
plained by the fact that TR showed lowest 
values  in  growth,  due  to  the  intra-specific 
competition  more  prolonged  in  R5S2  and 
R6S3 than in R4S1. DBH increased predic-
tably as density between trees decreased, as 
already reported (Alcorn et al. 2007), espe-
cially for the triennial rotation. Interestingly, 
total  height  (H)  increases  as  density  de-
creased for both coppicing rotations. Varia-
tions in height growth with changes in avail-
able  growing  space  could  be  attributed  to 
ontogeny,  to  the  range  of  tested  spacing 
treatments,  or to species. This was because 
height  growth  plays  an  important  role  in 
morphological acclimation to light competi-
tion  (Lanner  1985),  with  plants  tending  to 
allocate  more  photosynthate  to  height  than 
diameter growth, which results in increasing 
stem slenderness.  Moreover  we  observed  a 
change  in  distribution  among  diametric 
classes of the shoot populations according to 
the two harvesting date at the end of the first 
(R3S2)  and  second  coppicing  rotation 
(R6S3). This was because there was a shift 
towards higher frequencies in the lower dia-
metric classes in R6S3 (Fig. 1), such as for 
shoots  of the first  two diametric classes of 
TR (Fig. 2), with negative consequences on 
qualitative characteristics of the woody bio-
mass, likely due to an higher bark percentage 
(Guidi et al. 2008). This response could ex-
plain the occurrence of larger height growth 
in SR, and faster shifts  vs. higher diametric 
classes in R6S3 and TR, highlighting a diffe-
rent  trade-off  between  mechanical  stability 
of the stem and height growth.

Discussion
Poplar’s cultivation for yield production in 

central  and  southern  Italy  is  limited  by 
spring and summer drought. Of course, even 
in optimal climatic locations, the SRF culti-
vation  should  be  always  accompanied  by 
cultural  operations,  such  as  irrigation  and 
fertilization, for improving soil fertility. Op-
timal conditions for hybrid poplars cultiva-
tion  in  Italy are:  (i)  mean annual  tempera-
ture: 8.5 to 17 °C; (ii) summer precipitation: 
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Fig. 1 - Shoot DBH 
distribution among 
clones observed at 
the end of the two 

coppicing rotations 
(i.e., R3S2 and 

R6S3).

Fig. 2 - Shoot DBH 
distribution among 

planting designs 
observed at the end 

of the two coppicing 
rotations (i.e., R3S2 

and R6S3)

Tab. 6 - Moisture content observed in R3S2 
and R6S3.

Moisture 
content %

2007
(R3S2)

2010
(R6S3)

AF2 52.41 55.96
AF6 53.01 55.62
Monviso 53.63 54.62



Field performance of poplar for bioenergy 

100-150 mm. In our case-study, local clima-
tic conditions were outside the optimum for 
poplars (aridity index of 0.62 mm). Indeed, 
we  observed  very  long  summer  drought 
(average 2006-2010: up to 4.0 months), and 
May-August  precipitation  always  below 80 
mm, with  an average value of  the  last  ten 
years of 40.2 mm. Therefore, the case-study 
is a sub optimal site for cultivation of poplar 
species. Yearly above-ground yields in SRF 
plantations for the same hybrid poplar clones 
planted in northern Italy (along the Po val-
ley)  are  greater,  ranging  between  5.6  and 
17.9  MgDM ha-1 year-1 (Paris  et  al.  2011). 
Nevertheless, the yearly yield obtained in the 
plantations  in  northern  Italy  are  similar  to 
those  observed  in  boreal  regions  (central 
Europe,  USA, and Canada) not affected by 
summer dryness (Armstrong et al. 1999, De-
Bell et al. 1996). Contrastingly, lower yearly 
productions  were  observed  by  Minotta  & 
Muzzi (2007) and  Pannacci et al. (2009) in 
SRF plantations of central Italy, with yields 
ranging  between  1.3  and  6.2  MgDM  ha-1 

year-1. The results obtained in this study are 
surprisingly  similar  to  those  reported  for 
boreal  (cold  temperate)  conditions,  ranging 
between  10.1  (at  the  end  of  the  first  cop-
picing rotation) and 13.0 MgDM ha-1 year-1 

(at the end of the second coppicing rotation). 
Christersson (2010) reported for Sweden an 
average  yearly  yields  of  3-10  MgDM  ha -1 

year-1 in 5-year-old plantations,  while  Will-
ebrand et al. (1993) reported average yearly 
yields varying between 8 and 14 MgDM ha-1 

year-1 in  6-year-old  plantations.  In  spite  of 
the short duration of the growing season and 
low soil nitrogen in boreal regions, a yield of 
20  MgDM  ha-1 year-1 could  easily  be 
achieved  in  our  plantation  by adding ferti-
lizers  and  selecting  appropriate  clones  and 
spacings, as reported for Swedish plantations 
by Weih (2004). This in fact would explain 
the  high  potential  of  the  studied  poplar 
clones, even in Mediterranean sites affected 
by summer drought.

Conclusion
In southern Europe, the use of SRF planta-

tions appears to offer a highly promising and 
politically desirable option among the range 
of renewable energy sources currently avai-
lable. SRF has been adopted mostly in nor-
thern  Italy owing  of  the favorable  climatic 
and  soil  conditions  for  poplars  cultivation. 
Demand for woody biomass for fuel, energy 
purposes  or  fiber  combined  with  reduced 
land availability has forced land managers to 
increase  productivity  of  SRF  plantations. 
Under such circumstances new high-yielding 
poplar  clones  were  tested  for  growing  in 
areas  of  central  Italy  affected  by  Mediter-
ranean  climatic  conditions.  Our  study  has 
shown that the climate of central Italy offers 
favorable conditions for the biomass produc-
tion of selected hybrid poplar clones, high-

lighting very high productive potential when 
summer dry periods are frequent (especially 
from May to August)  and temperatures are 
less mild (slightly higher than the normal).

The poplar clones tested had the best per-
formances  in  terms  of  growth  and  yield 
when  planted  in  a  SR  design  during  the 
second  coppicing  rotation.  Therefore  SR 
(7 140 cuttings ha-1) was more advisable than 
TR (10 360 cuttings ha-1) in order to obtain 
good biomass production with low planting 
costs.  At  clone-level,  AF2  showed  higher 
DBH values and yield productions than AF6 
and  Monviso  in  both  biennial  (R3S2)  and 
triennial (R6S3) rotations.

Significant  functional  relationships  be-
tween  fresh  biomass production  and  DBH, 
appropriate  for  this  climatic area and envi-
ronmental conditions, for every poplar clone 
were found. These may be used for a non-de-
structive prediction of dry yield and for rapid 
yield estimations of the shoot populations.
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