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in the Velino river hydrographic basin (central Italy)
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1. Introduction
The reduction of emissions of greenhouse gases
and the need to move towards secure energy that is
sustainable and competitive have been recognized
as strategic challenges for Europe and have been
placed at the centre of the European political
agenda. In particular, the commitments made by
the European Council for 2020 provide specific
aims for all of the EU countries: a 20% cut in
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greenhouse-gas emissions; a 20% saving of energy
consumption compared to present projections
for 2020; a 20% necessary target for energy from
renewable sources, in terms of the total energy
consumption of the Union; and a 10% share
for biofuels in the overall fuel consumption for
transport in the EU (Tullus et al., 2009). Renewable
energies are thus of great interest in the need to
contribute to reductions in energy dependency and
to contribute to the fight against climate change.
Particular attention is dedicated to the production
of biomass through the cropping system known as
short rotation forestry (SRF).
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Riassunto: Specie arboree a rapido accrescimento come il pioppo, il salice, la robinia e l’eucalipto hanno in genere
bisogno di pratiche colturali intensive per forzare la produzione di biomassa. Nel presente studio viene valutato sia il
grado di adattamento di due cloni di pioppo (‘Monviso’, ‘AF8’) e la loro produzione di biomassa nel particolare contesto
dell’altopiano Reatino con sistemi di coltivazione a basso impatto. I cloni di pioppo sono stati piantati alla fine del 2010,
secondo il sistema di turni di raccolta biennale. L’altezza delle piante è aumentata durante la primavera, con ulteriori
forti incrementi sino a giugno. In questo periodo, la temperatura ha rappresentato la principale variabile forzante per
lo sviluppo delle piante, con la profondità di falda che ancora non rappresentava un fattore limitante per lo sviluppo
vegetativo del pioppo. Dalla fine di agosto, le piante sono tornate a mostrare incrementi vegetativi raggiungendo
nuovi massimi nella prima metà di settembre. In questa seconda fase di crescita si sono registrate forti correlazioni
con gli apporti pluviometrici. L’analisi della produzione di biomassa e il diametro alla base dei germogli principali
ha mostrato una bassa variabilità tra i due cloni analizzati. Il clone ‘Monviso’ ha mostrato la maggiore produzione
di biomassa, soprattutto durante il terzo anno, quando anche il diametro alla base è risultato mediamente maggiore
rispetto al clone ‘AF8’. La produzione media annua di biomassa durante il secondo turno biennale (2014-2015) è stata
superiore a quella del primo (2012-2013), nonostante l’assenza di pratiche di fertilizzazione e irrigazione.
Parole Chiave: Pioppo, SRF, variabili meteorologiche, falda acquifera, biomassa.
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Abstract: Short rotation plantations of fast-growing tree species like poplar, willow, false acacia and eucalyptus need
intensive cultivation practices to force biomass production. In the present study, the adaptability degree of two hybrid
poplar clones (‘Monviso’, ‘AF8’) and their biomass production were evaluated in the particular context of the Rieti
uplands (Italy) with low-impact farming systems. The hybrid poplar clones were planted at the end of 2010, according
to the biennial shift harvesting system. The plant heights increased during Spring, with further large increases during
June, which were not seen for July. Over this period, temperature represented the principal forcing variable for plant
development, as the water-table depth was not yet a limiting factor for poplar vegetative development. From the last
part of August, the plants showed new large average vegetative increases, which reached a second maximum in the
first half of September. Here, strong correlation between vegetative increase and rain volumes was seen. The analysis
of the biomass production and the base diameter of the main shoots showed low variability across these two clones. The
‘Monviso’ clone showed higher biomass production, above all during the third year, when the diameter at the base was
also larger in comparison with the ‘AF8’ clone. In this study, the mean annual poplar dry biomass production during
the second biennial shift (2014-2015) was greater than that of the first (2012-2013), with this increase also occurring
without fertilisation and irrigation practices in the second year of cultivation.
Keywords: Poplar, short rotation forestry, meteorological variables, water table, biomass.
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Northern European countries have adopted a
cultivation model that provides very high tree
densities of 15,000 to 20,000 plants/ha, with the
use of willow clones that are particularly resistant
to the cold. The turnaround can be annual,
biennial, or where growth is slowed by the weather
conditions, even every three or four years (e.g.,
for Scandinavia). This model in Italy was generally
adapted with a decreased density of 6,000 to
14,000 plants/ha, using also other species, such as
poplar, false acacia (Robinia pseudoacacia L.) and
eucalyptus (Manzone et al., 2009; Otto et al., 2010).
As the climate conditions are particularly favourable
in Italy, this has allowed the adoption of annual and
biennial shifts, the first with expected densities of
up to 14,000 plants/ha, with the biennial density at a
lower 6,000 to 10,000 plants/ha. Biennial coppicing
with single rows is particularly appreciated, mainly
because it combines the needs of the producer and
the market requirements with a certain balance, to
ensure good wood content compared to the cortex.
The latest tree-harvesting machines that have
been tested manage to collect this type of material
without problems, even at speeds between 5 km/h
and 8 km/h. However, the material product when it
is chopped and downloaded directly has a humidity
of 45% to 60%, which is a characteristic that makes
the product unsuitable for panels and reduces its
calorific value.
Fast-growing poplar plants have been widely
selected and bred for productivity and vitality, in
particular considering their high biomass yield
potential and their high carbon sequestration
potential (Mc Carthy et al., 2014; Rytter 2012).
Poplars can be planted and replanted as rooted
cuttings or simply as cuttings; however, if coppice
regeneration is preferred, the parent trees are
usually cut during the dormant season to promote
viable regeneration through sprouting (DeBell and
Alford 1972; Kramer and Kozlowski 1979; Strong
and Zavitkovski 1983). The sprouting and rooting
can be affected by the species or hybrid, the tree
size, and the environmental conditions (Blake 1983;
Stanturf et al., 2001; Laureysens et al., 2003); among
which the water availability is one of the most
important factors promoting root development
considering that water-stressed cuttings had fewer
and shorter roots (Puri and Thompson 2003).
The objectives of the present study were to evaluate
the principal relationships between the vegetative
development of poplar plants under short rotation
forestry and the environmental variables of the
Rieti uplands, which is characterised by high soil
water holding. Moreover, the adaptabilities of two

specific hybrid poplar clones (‘Monviso’, ‘AF8’)
were evaluated in the study area, along with their
biomass production under cultivation with lowimpact farming systems, and also considering their
production of useful shoots for regeneration after
the initial harvest.
2. Materials and methods
2.1. Study area and climate data
This study was based in an area located near Rieti in
the upland valley of the Velino River hydrographic
basin (north Lazio Region, central Italy). The exact
location of poplar stands was in an area of about
7,000 m2 inside the Velino River basin (latitude, N
42° 25’ 30”; longitude, E 12° 49’ 45’’; altitude, 408
m a.s.l.) (Fig. 1).
The two hybrid poplar clones planted were
‘Monviso’, as (Populus × generosa) × Populus
nigra, and ‘AF8’, as (Populus × generosa) × Populus
trichocarpa (Paris et al., 2011). The planting of
these poplar clones was carried out relatively
recently, considering that both cutting types were
planted during October 2010.
The meteorological data for the study area were
provided by a station located nearby these poplar
stands (distance, 50 m) and managed by the
Apennines Centre of Mount Terminillo, of the
University of Perugia (http://www.cat.unipg.it).
The variables considered were: temperature (°C;
maximum, minimum), precipitation (mm), relative
humidity (%), solar radiation (KJ/m2) and watertable depth (WTD; cm). The daily data over the 5
years of the study (2011-2015) were elaborated to
obtain means to define the climate tendencies of
the study area, and the mean daily values were used
to calculate the monthly and 15-day means for all of
the variables, to evaluate the mean correspondence
over the entire growing period.
2.2. Agronomic cultivation techniques
The poplar clones were planted according to the
common short rotation forestry technique, with
spacing between and within the tree rows of 3.5 m
× 0.5 m, to provide an overall planting density of
about 6,000 cuttings per ha. Two stands of about
3,500 m2 were planted for each of the two hybrid
poplar clones.
The stands were without irrigation, except for during
the first year (2011) for the first few months of plant
engraftment. During the study years, no fertilisation
was applied, again except in the first year, with deep
manuring during the land preparation. Moreover,
no phyto-pathological interventions with fungicides
that are commonly used with short rotation forestry
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2.3. Vegetative monitoring methodology
During the entire study period, from March to
October, morphological recordings were carried
out every 15 days for 30 poplar plants. These were
taken as representative of the stands (15 for each
clone) over the entire investigation period, and
they included the plant height, to establish their
continuous vegetative growth rate (cm) in terms
of the height growth rate (HGR). In January of
each study year, other samples were considered,
to calculate the annual biomass produced by each
clone, with random sampling of 10 plants inside the
stands, to monitor: plant height, weight of fresh and

dry biomass (dry biomass of each stem following
oven drying for 10 days at 70 °C), and diameter at
the base of the cutting. Monitoring was also carried
out to ensure no heavy attacks of plant diseases
occurred that might have compromised the tree
development and the final production.
The sprouting of the clones was evaluated from
spring 2014, after the complete felling during
the preceding winter. The shoots were counted
for each stump, to include those that were visibly
attached to the buttresses. The tallest shoots from
each stump were measured for height and basal
diameter. The diameter was measured just above
the enlarged part at the base of the shoot, and the
height was measured from the base to the highest
living bud.
2.4. Statistical analyses
The data relating to the plant growth and the
environmental characteristics of the study area
were interpreted graphically and through statistical
analyses. ANOVA was carried out to reveal any
significant differences for both the vegetative
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growing techniques were necessary, as there were
no particular attacks above the standard threshold
of intervention. During each year, weeding was
carried out to remove weeds from between the
rows. The whole stand was felled in December
2013 at the age of 3 years, using a single-pass cutand-chip harvester, according to the harvesting
system of the biennial shift (i.e., not considering the
first engraftment year).
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Fig. 1 - Relief map
of the study area
(black dashed circle).
Insets: Photographs
of poplar stands planted
in the Velino river
hydrographic basin.
Fig. 1 - Mappa di rilievo
dell’area di studio (cerchio
nero). Inserti: Fotografie
dei pioppeti coltivati
nel bacino idrico del Velino.
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Fig. 2 - Mean monthly poplar plant heights (A) and their vegetative increase (HGR) (B), recorded from March to October
of each study year (2011-2015) for the ‘Monviso’ (left) and ‘AF8’ (right) poplar clones.
Fig. 2 - Altezza media mensile delle piante (A) e loro incremento vegetativo (HGR) (B), registrato da Marzo a Ottobre in
ciascun anno di studio (2011-2015) per il clone ‘Monviso’ (sinistra) e ‘AF8’ (destra).

development and the biomass production between
the two poplar clones.
Correlation analysis was carried out between the
15-day means of the poplar vegetative development
and the meteorological variables calculated as
means over the 4-year study period (2012-2015).
This did not consider the first year of development,
during which the poplar cuttings showed particular
growing behaviour in comparison to all of the later
years, as the engraftment phase. Then regression
analysis was carried out to define the predictive
variables in relation to the increases in shoot
height.
3. Results
In April 2011, 6 months after the planting of the
cuttings, the ‘Monviso’ and ‘AF8’ clones recorded
proliferation rate of 99.1% and 99.0%, respectively.

Fig. 2 shows box plots of the mean monthly poplar
plant heights and HGR from March to October for
the 5 years of the study for the two poplar clones.
In Fig. 2A, the plant heights evidence different
vegetative development from the first planting year
(2011) to the third growing year (2013), when overall
the plants reached a maximum height of close to 8
m. Both of the poplar clones were cut at the end
of the third growing season (December 2013), so
the plant heights during 2014 were particularly
heterogeneous, although they revealed strong
growth that exceeded a mean of 4 m (‘Monviso’,
408 cm; ‘AF8’ 389 cm). Fig. 2B shows the mean
vegetative increases calculated month by month,
which records little variability overall, except for
the first planting year (2011).
The analysis of variance provided statistical
evidence considering the mean monthly poplar
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Parameter

Source
DF
term
Monviso Plant height A (Year)
4
S(A)
50
Total (Adj) 54
HGR
A (Year)
4
2011-2015
S(A)
35
Total (Adj) 39
HGR
A (Year)
3
2012-2015
S(A)
28
Total (Adj) 31
AF8 Plant height A (Year)
4
S(A)
51
Total (Adj) 55
HGR
A (Year)
4
2011-2015
S(A)
35
Total (Adj) 39
HGR
A (Year)
3
2012-2015
S(A)
28
Total (Adj) 31

Sum of
squares
2178796
930783.4
3109580
5461.25
21236.75
26698
1945.625
19383.25
21328.88
2092334
859091.6
2951426
5355
19673
25028
1697.344
18395.13
20092.47

Mean F-ratio Probability
Power
square
level
(alpha=0.05)
544699
29.26 0.000000*
1
18615.67
1365.313
606.7643

2.25

0.083465

0.596989

648.5417
692.2589

0.94

0.435993

0.229017

523083.6
16844.93

31.05

0.000000*

1

1338.75
562.0857

2.38

0.070218

0.625095

565.7813
656.9688

0.86

0.47269

0.212805

HGR, height growth rate; *, Term significant at alpha = 0.05
Tab. 1 - Analysis of variance considering the mean monthly poplar plant heights and vegetative increases (HGR) recorded
from March to October of each study year for both of the poplar clones.
Tab. 1 - Analisi della varianza delle medie mensili di altezze e incrementi vegetativi (HGR) di entrambi i cloni di piante di
Pioppo. I dati sono stati registrati da Marzo ad Ottobre di ciascun anno di studio.
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Clone

Fig. 3 - Summary chart of the 15-day means of the ‘Monviso’
poplar vegetative increase (HGR) and the meteorological variables calculated as means over the 4-year study period (20122015). The data for the ‘AF8’ clone were similar, and so are not
shown here. HGR, height growth rate; TA, Overall mean temperature; WTD, water table depth; I, first half of the month; II,
second half of the month.
Fig. 3 - Tabella riassuntiva delle medie quindicinali di incremento vegetativo del clone ‘Monviso’ (HGR) e delle variabili
meteorologiche calcolate come medie nel corso dei 4 anni di
studio (2012-2015). I dati registrati per il clone ‘AF8’ risultano
simili, quindi non sono stati riportati. HGR, tasso di incremento
in altezza; TA, temperatura media; WTD, profondità di falda; I,
prima metà del mese; II, seconda metà del mese.
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plant heights and vegetative increases (HGR)
recorded from March to October of each study year
(2011-2015) for both of the poplar clones (Tab. 1).
The same table confirmed the box plots of Fig. 2
evidencing significant differences considering the
high variability of poplar plant heights that were
influenced above all by the cutting in the third
year, and partially by the plant growth over the
first year. The exclusion of the data from the first
year provided more homogeneous HGR values
for the last 4 years of the study (2012-2015), but
also considering the entire period no significant
variances were shown. Moreover, no significant
differences between the clones were found in
terms of the heights and diameters of their tallest
shoots. This extreme uniformity of the vegetative
development between these two clones conditioned
also the subsequent phase of the study, for the
evaluation of the principal relationships between
plant growth and environmental variables, which
also led to similar data for the two clones. In this
sense, it was considered sufficient to include here
only the data for the Monviso clone.
Fig. 3 illustrates the two principal phases of the
‘Monviso’ poplar vegetative developments: the
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first that occurred during June, and the second
during the first part of September. The plant
height increases started during spring (particularly
in the first part of April), although they then
increased drastically during June, while in July
this decreased significantly. From the last part of
August, the monitored plants recorded new high
mean vegetative increases, which reached a second
maximum in the first half of September.
The principal meteorological variables considered
in Fig. 3 present their typical seasonal trends, with
a greater tendency for temperature increases to
the end of July and the first half of August. There
was a contemporary reduction in the rain volumes,
which reached their minimum during the first
half of August. The WTD depends principally on
temperature and rain, and this reached its maximum
at the end of August (i.e., the water table was at its
lowest level), thus showing a delay in comparison
with the maxima of the other variables. The WTD
also remained high through September.
Tab. 2 presents the data for the correlation analysis
between the 15-day means of the poplar HGR and
the meteorological variables, as calculated as means
over the 4-year study period (2012-2015), again
not considering the first engraftment year. Tab.
2 presents the data for the three periods during
which the correlations were calculated, with the
first considering the entire period of the year when
HGR
HGR
HGR
(Mar-Sep) (Mar-Jul I) (Jul II-Sep)
0.70*
0.86*
-0.84*
TMAX (°C)
0.76*
0.85*
-0.72*
TMIN (°C)
0.73*
0.86*
-0.81*
TA (°C)
RAIN (mm)
-0.24
-0.63
0.85*
RH (%)
-0.25
-0.74*
0.89**
0,04
0.92**
-0.85*
RAD (KJ/m2)
WTD (cm)
0.57
0.82*
0.50
July I, first half of July; July II, second half of July; HGR,
height growth rate; TMAX, maximum temperature; TMIN,
minimum temperature; TA, overall mean temperature;
RH, relative humidity; RAD, solar radiation; WTD, water
table depth; * p <0.05; ** p <0.01.
Tab. 2 - Correlation matrix for the poplar height increment
(HGR in cm) during three growing periods and the meteorological variables considered for the ‘Monviso’ poplar
clone. The data for the ‘AF8’ clone were similar, and so are
not shown here.
Tab. 2 - Matrice di correlazione tra gli incrementi vegetativi
(HGR) del clone “Monviso” e le variabili meteorologiche durante tre periodi di crescita. I dati per il clone “AF8” sono
risultati simili e quindi non sono stati riportati.

the vegetative monitoring was carried out (MarchSeptember). The second period considers the first
part of the year (from March to the first half of July
[July I]), while the final monitoring period considers
the last part of the year (from the second half of July
[July II] to September).
In the monitoring period from March to July
I, different strong positive correlations were
seen between poplar HGR and: the monthly
mean temperatures, the WTD and above all the
solar radiation (r=0.92). Over this period, the
temperature and solar radiation represented the
principal forcing variables for plant development,
while the WTD increase depended on the seasonal
progressive rain reduction. This did not yet emerge
as limiting for the poplar vegetative development.
Moreover, a strong negative correlation was
seen considering the vegetative increase and the
rain volume, although the phenomenon is easily
attributed to the natural opposite trends of these
variables through the season. Thus, naturally, the
onset of summer involves rapid vegetative increases
and progressive rain reduction.
In the vegetative monitoring period from July II
to September, strong correlations between HGR,
precipitation and relative humidity were evidenced
(respectively r=0.85 and r=0.89), while the
onset of the temperature reduction (particularly
during September) resulted in high negative
correlation between HGR and the mean monthly
temperatures. Also in this period HGR resulted
more correlated with solar radiation (r=-0.85) that
with temperature.
Tab. 3 presents the data relating to the regression
analysis during the two poplar monitoring
periods identified during the preceding statistical
analysis: March-July I, and July II-September.
The dependent variable in both of the regression
analyses was represented by HGR, while the
meteorological independent variables that emerged
as more significant were different. In the first
period (March-July I), the solar radiation (RAD)
was selected considering that its use as a unique
variable gave high significance (R2 = 0.85). During
the second period, the solar radiation was again
considered, along with rain, thus showing their
importance for the extremely high percentage of
explained variation (R2 = 0.97).
The analysis of the biomass production and the
diameter at the base of the main shoot that involved
the sampling of 10 plants during each winter part
of the study (January) presented the low variability
of the two poplar clones and their responses to
plant cutting during the third year (Fig. 4). The
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Multiple Regression: March – July I
Dependent variable
HGR
Independent variable
RAD
R2
0.8481
Regression Equation
Independent
Regression
variable
coefficient b(i)
Intercept
-32.9344
RAD
0.1424

Adj R2
Mean square error
Square root of MSE

0.8264
30.4040
5.5140

Standard error
Sb(i)
8.7948
0.0228

Probability
level
0.0072
0.0004

T-value
H0:B(i)=0
-3.7450
6.2520

Multiple Regression: July II – September
Dependent variable
HGR
R2
Independent variable
RAIN
Adj R2
Independent variable
RAD
Mean square error
Square root of MSE
Regression Equation
Independent
Regression
Standard error T-value
variables
coefficient b(i) Sb(i)
H0:B(i)=0
Intercept
39.0850
4.8823
8.0050
RAIN
0.1577
0.0387
4.0690
RAD
-0.0436
0.0109
-4.0140

0.9694
0.9389
1.8320
1.3535
Probability
level
0.0152
0.0454
0.0468

July I, first half of July; July II, second half of July; HGR, height growth rate; RAD, solar radiation;

‘Monviso’ clone had the higher biomass production,
particularly during the third year, when the
diameter at the base was also larger in comparison
to the ‘AF8’ clone.
As shown by the HGR parameter, both these last
morphological measures increased rapidly after the

4. Discussion
The relationships between the ecological and
biological variables here have allowed us to interpret
the principal environmental requirements of these
poplar trees in this study area. In these terms, the
importance of the WTD emerged clearly, whereby
when it was not limiting (from March to the first half
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Fig. 4 - Mean biomass production per tree and basal diameter over the study years for the ‘Monviso’ and ‘AF8’ poplar
clones (as indicated).
Fig. 4 - Produzione media di biomassa/albero e diametro alla
base per i cloni ‘Monviso’ e ‘AF8’.

tree cutting, in agreement with the short rotation
forestry technique. During the last year of the
study, Monviso evidenced more rapid increases in
biomass, also with the largest diameter at the base
of the plants, even if the differences between the
‘Monviso’ and ‘AF8’ clones did not reach statistical
significance.
Moreover, in the present study, the annual mean
poplar dry biomass production during the second
and third years (i.e., the first biennial shift of 20122013, without the engraftment year 2011) were 10.9
tons/ha and 9.8 tons/ha for the ‘Monviso’ and ‘AF8’
clones, respectively, while the mean biomasses
were 12.9 tons/ha and 11.7 tons/ha following the
fourth and fifth years, after the first harvesting (i.e.,
for the second biennial shift of 2014-2015).
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Tab. 3 - Regression analyses for the two study periods selected for the ‘Monviso’ poplar clone. The data for the ‘AF8’ clone
were similar, and so are not shown here.
Tab. 3 - Analisi di regressione tra incrementi vegetativi e variabili meteo durante due periodi di studio per il clone “Monviso”.
I dati per il clone “AF8”, risultati simili, non sono stati presentati.
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of July), this meant that the solar radiation (RAD;
always highly correlated with the temperature at
soil level) represented a large part of the forcing
phenomenon, with positive influence on the plant
vegetative behaviour (regression coefficient bi =
0.14). On the other hand, from the second half
of July to September, the WTD was so limiting
that the vegetative increases were determined by
the positive influence of summer storms (Rain,
bi = 0.16) and at the same time by the negative
influence of solar radiation (RAD; bi = -0.04).
Although the temperature in this second period
decreased, it did not represent a limiting factor
for plant development, as it was inside the optimal
temperature threshold for vegetative increase,
which is also favoured by the presence of the first
summer rain from August to September.
As concern as drought tolerance some Poplar
clones are considered isohydric, having tight
stomatal control and a minimum threshold of
water potential that cause stomata to close, while
other anisohydric, with loose stomatal control
and no discernable threshold of water potential
maintenance (Jones 2007; Maseda and Fernández
2006). It was hypothesized that isohydric poplars
clones would produce less biomass but have greater
“leaf-level water-use efficiency”, and therefore
would have greater drought tolerance. By contrast,
anisohydric poplars clones would accumulate more
biomass under no water stress, as well as mild to
moderate drought stress, maintaining high stomatal
conductance and CO2 assimilation rate, but would
have low survival rates during prolonged drought
(Attia et al., 2015).
In the Velino River basin where the study was realized
the near-surface water table and the high soil moisture,
interrupted only during particularly dry summers,
could permit to plant anisohydric poplars clones with
their faster growth and higher photosynthetic rates,
realizing higher biomass production. In other areas,
where the Poplar should be planted only in marginal
lands to prevent competition with food production,
the isohydric Poplar clones planting is preferable,
because their high water use efficiency and surviving
under poorer conditions, although their limited
growth performance (Murphy et al., 2011; Swinton
et al., 2011).
Moreover, in the selection of the poplar clones,
two important needs have to be combined: rapid
vegetative growth, and production of high-quality
timber. In addition, they should also show good
sprouting capacity, as this provides the benefit of the
use of the young shoots from the previous stumps,
rather than replanting. The advantages of rapid

initial growth may be experienced also in reduced
planting costs (Zasada et al., 2001). According to
Lust and Mohammady (1973), the efficiency of
shoot regrowth is influenced by plant species, clone
capacity, size and age of the stump, period when
the plant is cut, and soil condition.
In terms of the biomass production, some previous
studies have demonstrated that when using
common short rotations (i.e., ≤3 years), coppiced
stands are more productive than other stands that
can be derived from cuttings completely replanted
each time (Herve and Ceulemans 1996). According
to Stanturf et al., (2001), poplar plants should be cut
before they are 10 years old, to improve the levels
of shoot budding and sprouting in consideration
that during the growing season, felled trees will
produce fewer and shorter shoots since the levels
of starch and soluble carbohydrates in the roots are
low at this time (Johansson 1992). In this sense, the
harvesting has to be conducted as in the present
study, during the winter or in early spring, to
maximise the number and rate of shoot budding.
In this way, a poplar stand will begin to generate
vigorous shoots. The sprouting capacity of a stump
depends on the harvesting period (Johansson 1993).
A previous study evidenced that several 1-year-old
stands of the ‘NE-299’ clone of Populus nigra var.
betulifolia × Populus trichocarpa had different
survival rates of 65%, 9% and 5% for poplars cut in
June, July and August, respectively, compared with
92% and 93% for those harvested in September and
May, respectively (Crist et al., 1983).
These new shoots grow faster than seedlings
because of the existing root system of the stump,
which also allows them to develop a high leaf area
index in less time (Laureysens et al., 2005; Pellis et
al., 2004). In the present study, probably the good
development of the plant root system by the third
year when the trees were cut may have allowed the
stumps to generate vigorous young sprouts rapidly
during the spring, using the stored energy from the
already developed root system.
5. Conclusions
This study that followed the short rotation
forestry system has allowed an initial evaluation
of the advantages of this system, also from an
economic point of view. This allows continuous
shoot cultivation from the pre-existing stumps, in
comparison to the planting of new cuttings every
3 years.
According to the harvest system adopted here (i.e.,
the biennial shift), the second harvest produced
more biomass in comparison to the first, thus
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