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Introduction
Use of biomass for energy has increased in 

Baltic Sea region countries in the last deca-
de.  It  is  partly  a  price-driven  process  and 
partly related to strategic goals of European 
Union to increase share of renewable energy 
in the total energy consumption (EC 2009). 
In Latvia this share has to reach 40% in year 
2020. Increased use of renewable energy de-
creases  the  dependence  on  imported  fossil 
materials and is an important  aspect in cli-
mate change mitigation effort (EC 2008). In 
forest-rich  countries  as  Fenoscandia  and 
Baltic states, biomass from wood is an im-
portant  component  in  the  total  renewable 
energy production.  Use of logging residues 
and stumps from clear-cuts is rapidly increa-
sing and is expected to rise in the next years 
as  a  consequence  of  strategic  decisions  of 
countries  (Malinen  et  al.  2001,  Wikström 
2007). Technologies have been developed to 

facilitate  the  use  of  logging  residues  from 
thinning.  However,  this  source  of  biomass 
has several limitations: in some areas soil de-
pletion and loss of increment in next rotation 
cycles  (Helmisaari  et  al.  2011),  quality  of 
biomass, accessibility, transportation distan-
ce.  Therefore  establishment  of  plantations 
for biomass production has been considered 
in  the  Baltic  states,  where  large  areas  of 
abandoned agricultural  land suitable to this 
purpose are available.  In  Latvia,  the above 
areas  cover  approximately 1.44  million  ha 
(VZD 2011). Currently,  broadleaved trees - 
hybrid  aspen  (Populus  tremuloides x  P.  
tremula),  grey  alder  (Alnus  incana)  and 
bushes (Salix spp. breeds) are used and re-
commended for the establishment of biomass 
plantations (LAD 2011). All the above spe-
cies  require  fertile  soils  and/or  fertilization 
to  ensure  productivity  (Miezite  2008, 
Lazdina  et  al.  2009).  However,  the  aban-

doned  agricultural  lands  are  often  on  poor 
soils, therefore looking at alternative species 
(including  Pinus contorta) is a relevant ob-
jective for biomass production.

Native  range  of  Pinus  contorta  in  north-
western America spreads from latitude 30 to 
64° N and  from 0  to  3900  m in  elevation 
(Wheeler & Critchfield 1985). Establishment 
of  Pinus contorta  plantations at commercial 
scale  in  Sweden  started  around  1970  (Elf-
ving et al.  2001), and was based on earlier 
research results  on  superior  productivity of 
this  species  in  comparison  to  native  Pinus  
sylvestris (Liss & Wirman 1985). Natural re-
generation  of  Pinus  contorta occurs  after 
forest  fires  or  clear  cuts  and  is  often  very 
dense. High density of stands can be retained 
throughout the rotation period, so that even 
at the age of 90 years there are still not less 
than  2000  trees  ha-1 (Smithers  1962).  Fur-
thermore,  greater  survival,  earlier  exposure 
of new needles, longer needles with a larger 
surface  area,  fast  root  development  and  a 
higher  productivity  per  unit  of  nitrogen 
(Norgren & Elfving 1995) make Pinus con-
torta a suitable species for biomass produc-
tion.

Biomass equations and estimates have been 
developed  and  published  for  stands  in  the 
native range of  Pinus  contorta  (Pearson  et 
al. 1984). For Europe, a very limited amount 
of such studies is available and usually only 
stem  biomass  is  calculated  (Mattsson  & 
Bergsten 2003,  Mattson et al.  2007). Com-
prehensive analysis of biomass equations by 
Zianis  et  al.  (2005) reveals  only one  avai-
lable  equation  for  total  above-ground  bio-
mass  of  Pinus  contorta,  developed  in  Ice-
land.

Considering  the  potential  of  the  species 
and the lack of comprehensive information 
on  its  biomass production,  the  aim of  this 
study was to  assess  the above-ground  bio-
mass of  Pinus contorta  Dougl. var.  latifolia 
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Biomass as a source of renewable energy is gaining an increasing importance in 
the context of emission targets  set  by the European Union.  Large  areas of 
abandoned agricultural land with different soils are potentially available for es-
tablishment of biomass plantations in the Baltic states. Considering soil and cli-
matic requirements as well as traits characteristic for lodgepole pine (Pinus 
contorta Dougl.  var.  latifolia Engelm)  and the scarcity  of  published know-
ledge, we assessed the above-ground biomass of Pinus contorta in comparison 
to that of native Scots pine (Pinus sylvestris L.) and factors affecting biomass 
production. Data were collected in 3 experimental trials, located in two sites 
in central part of Latvia: Zvirgzde and Kuldiga (56°41’ N, 24°28’ E and 57°03’ 
N, 21°57’ E, respectively). Trials were established with density 5000 tree ha -1, 
using seed material from Canada (50°08’-60°15’ N, 116°25’-132°50’ W) and 
two Pinus contorta stands with unknown origin growing in Latvia. Results re-
veal that absolute dry aboveground biomass of  Pinus contorta reaches 114 ± 
6.4 t ha-1 at age 16 on a fertile former arable land, 48 ± 3.6 and 94 ± 9.4 t ha -1 

at age 22 and 25, respectively, on a sandy forest land (Vacciniosa forest type). 
The biomass is significantly (p < 0.01) and considerably (more than two-fold) 
higher than that of the native  Pinus sylvestris and the productivity is similar 
(in fertile soils) or higher (on poor soils) than reported for other species in 
energy-wood  plantations.  Provenance  was  a  significant  factor  affecting  the 
above-ground biomass, and the ranking of provenances did not change signifi-
cantly between different soil conditions. It provides opportunities for further 
improvement of productivity using selection.

Keywords:  Introduced Species,  Productivity,  Provenance,  Above-ground Bio-
mass
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Engelm. in comparison to the native  Pinus  
sylvestris  and factors affecting biomass pro-
duction.

Material and methods
Study was  based  on  3  experiments  (Tab.

1),  located  in  two  sites  in  central  part  of 
Latvia:  Zvirgzde  and  Kuldiga  (56°  41’  N, 
24° 28’ E and 57° 03’ N, 21° 57’ E, respec-
tively).  Trials  in  Zvirgzde  (No  82  and  No 
707) were located on poor, sandy soil,  Vac-
ciniosa forest  type (according to  classifica-
tion  by  Bušs  1976),  while  the  trial  in 
Kuldiga  (No 702)  was on  fertile  clay soil, 
former  arable  land,  approximately  corres-
ponding  to  the  Oxalidosa forest  type.  Soil 
ploughing was carried out  in rows prior to 
planting.  Initial  spacing  in  all  trails  was 
2x1m (5000 trees ha-1),  two-years-old bare-
rooted plants were used, no thinning carried 
out  prior  to  measurement.  Experiments  No 
702 and No 707 consist of the same set of 
Pinus  contorta  provenances  from  Canada 
(50° 08’ - 60° 15’ N, 116° 25’  - 132° 50’ 
W), and one seed lot from a Pinus contorta 
stand from Latvia (Tab. 2). Experiment No 
82 includes only 3 provenances (54° 24’  - 
58° 38’ N, 122° 45’ W), each represented by 
5 open-pollinated families.

Each seed lot  (provenance or family) was 
represented by 50 to 60 tree block plots (in 
experiments  No  702,  707  and  82,  respec-
tively),  randomly  distributed  in  4  replica-

tions.  One to two Latvia’s  Pinus sylvestris  
provenances were used as controls in every 
experiment.  Height  and diameter  was mea-
sured for every tree at age 16 (trial No 702), 
22  (No 707)  and  25  (No 82).  To improve 
representation  of  Pinus  sylvestris for  com-
parison among species, sample plots (500m2) 
were  established  in  20  randomly  selected 
stands (age: 22 years) in the same forest type 
and  tree  heights  and  diameters  were  mea-
sured. For comparison purposes, material for 
experiment  No82 was increased  using  data 
from neighboring  Pinus  sylvestris  trial  No 
19,  established  at  the  same  year  with  the 
same spacing.  Moreover,  data from altoge-
ther 20 seed lots from phenotypically selec-
ted seed orchards, representing different re-
gions of Latvia, were included in the analy-
sis.

Above-ground  biomass  (including  whole 
trunk and all branches with needles) was es-
timated  with  equations  based  on  measure-
ments of 221 sample trees of Pinus contorta 
from  experiment  No  82  and  90  trees  of 
Pinus sylvestris from experiment No 19 and 
forest  stands (Jansons  et  al.,  unpublished  - 
eqn. 1):

for Pinus sylvestris and (eqn. 2)

for  Pinus contorta, where D is the  diameter 
at breast height, and H is the total height of 
the tree.

Both equations provided precise estimates 
of above ground biomass for the respective 
species and tree dimensions in Latvia (R2  = 
0.93 and R2= 0.96, respectively).

Equations were estimated using linear and 
non-linear  regression  analysis;  significance 
of  differences  was  determined  using  t-test 
and ANOVA when the assumptions of para-
metric tests were met, or using Mann-Whit-
ney U-test and Kruskal-Wallis test when as-
sumptions were violated.  Pearson’s correla-
tion coefficient was used as a measure of li-
near dependency. All the analyses were per-
formed  using  the  software  R  (R  Develop-
ment Core Team, version 2.12.1).

Results and discussion
Results  reveal  that  above-ground biomass 

of Pinus contorta reaches 114 ± 6.4 t ha-1 at 
the age of 16 years on a fertile former arable 
land (Fig. 1). It is more than two-fold of that 
observed  for  Pinus  sylvestris in  the  same 
conditions  (50  ±  15.9  t  ha-1),  and  signifi-
cantly higher  (p  < 0.01)  in  comparison  to 
older  Pinus  contorta  trials  on  poor  sandy 
forest soils at age 22 and 25 (48 ± 3.6 t ha-1 

and  94  ±  9.4  t  ha-1,  respectively).  Also  in 
trials on forest  land,  above-ground biomass 
of Pinus contorta significantly exceeded (p < 
0.05)  the  above-ground  biomass  of  Pinus  
sylvestris.

Higher  productivity  of  Pinus  contorta in 
comparison  to  Pinus  sylvestris  has  been 
found  in  extensive  trials  in  Sweden.  For 
example,  on  average  two-fold  yield  diffe-
rence between the above-mentioned species 
was detected at the age of 23 years (Hagner 
1993)  and  36-38% difference in  wood  dry 
mass was found at age 20 (Elfving & Nor-
gren 1993) in trials located in similar clima-
tic  conditions  as  in  Latvia.  These  results 
were the basis for an intensive introduction 
of  this  species  in  Sweden  (Elfving  et  al. 
2001, Liziniewicz et al. 2012).

Part of the detected differences in biomass 
production on per ha basis can be explained 
by differences in survival rate, which was 81 
± 3.1 % for  Pinus contorta and only 44 ± 
11.8 % for  Pinus sylvestris at the age of 16 
years. Similar significant differences in sur-
vival among pine species were observed also 
in older trials: 72 ± 4.7 % vs. 37 ± 8.7 % and 
58 ± 4.2 vs. 41 ± 2.4 % at age 22 and 25, re-
spectively.

High  survival  of  Pinus  contorta prove-
nances from latitude above 50° N was found 
also in Estonia at the age of 19 years (67 %) 
and in Sweden at the age of 18 years (71-92 
% on average) in trials with climatic condi-
tions  similar  to  those  in  Latvia  (Lindgren 
1993,  Erik 1999). A general trend of higher 
survival  for  Pinus  contorta in  comparison 
with Pinus sylvestris was also reported from 
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Tab. 1 - Characteristics of the experimental plots studied.

Exp. No Site Soil Forest type Pinus contorta provenances Age
82 Zvirgzde poor, sandy Vacciniosa 3 from Canada 25

707 Zvirgzde poor, sandy Vacciniosa 14 from Canada; 2 from Latvia 22
702 Kuldiga fertile, clay Oxalidosa 13 from Canada; 1 from Latvia 16

Tab. 2 - Pinus contorta provenances represented in trials in Latvia. (*): seeds form unknow 
origin from Pinus contorta stands growing in Latvia.

Provenance Latitude Longitude Altitude No702 No707 No82
Teslin, Yukon 60°15’ 132°50’ 750 X X -
Fort Nelson 58°38’ 122°41’ 495 - - X
Pink Mountain 57°00’ 122°15’-45’ 850 X X X
Cecil Lake 56°25’ 120° 700 X X -
Hudson Hope 56°00’-05’ 121°35’-59’ 500-800 X X -
Moberly Lake 55°40’ 121°25’ 750 X X -
Muskey Lake 55°30’ - 900 X X -
Fort St. James 54°30’ 124°10’ 900 X X -
Summit Lake 54°24’ 122°37’ 813 - - X
Smithers 54°15’ 127°00’ 650 X X -
Valemount 53° 119° 850 X X -
Rocky Mountain House 52°37’ 115°20’ 1000 - X -
Nordegg 52°20’ 116°25’ 1400 X X -
Falkland 50°32’ 119°40’ 1300 X X -
Lac le Jeune 50°29’ 120°29’ 1250 X X -
Monashee 50°08’ 118°30’ 950 X X -
Skriveri* 56°40’ 25°10’ 29 X X -
Bukulti* 57°01’ 24°14’ 12 - X -

ln(biomass)=−8.0284+0.9743⋅D2⋅H

biomass=256.5622⋅(D2⋅H )0.9783(2)
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a comprehensive analysis of sets of 10 to 20-
years-old stands in Sweden (Ericsson 1988, 
Elfving & Norgren 1993). Difference in sur-
vival between species was ranging from 15 
to  45  %  at  the  age  of  23  years  (Hagner 
1993).  The  observed  differences  could  be 
partly explained by the influence of needle 
cast (Lophodermium seditiosum Minter, Sta-
ley & Millar) reducing the survival of young 
Pinus sylvestris (Baumanis et al. 1982, Bau-
manis 1993,  Hanso & Drenkhan 2007), but 
not  of  Pinus contorta.  Differences between 
species may also be due to the self-thinning 
rate, since the initial density in trials is rather 
high (5000 trees ha-1).

If  the biomass of  Pinus  sylvestris in  trial 
No 702 is recalculated using average survi-
val rate of  Pinus contorta, it reaches 90.4 t 
ha-1,  i.e., on average 80 % of that found for 
Pinus  contorta.  Even  larger  relative  diffe-
rences among species remain in older trials 
on forest land: survival-adjusted biomass of 
Pinus  sylvestris reached  only 45  % of that 
estimated  for  Pinus  contorta (Fig.  1). 
Moreover, differences in average tree dimen-
sions between species  were more pronoun-
ced in older trials (Fig. 2). Increasing diffe-
rences  in  average  tree  dimensions  were 
found also from the analysis of sample trees 
from trial  No 82 (Jansons et  al.  -  unpubli-
shed).  It  can be concluded  that  Pinus con-
torta has a remarkably higher above-ground 
biomass than  Pinus sylvestris on both poor 
and fertile soils and superiority is related to 
differences in both survival and growth rate.

Mean  annual  dry  biomass  production  of 
Pinus contorta on fertile soil at the age of 16 
years reached 7.1 ± 0.40 t ha-1, but on poor 
soils it was only 2.2 ± 0.17 t ha -1 at age 22 
and 3.8 ± 0.36 t ha-1 at age 25. In all trials, 
biomass production of Pinus contorta signi-
ficantly exceeded  (p  < 0.01)  that  of  Pinus  
sylvestris. Provenance had also a statistically 
significant influence (p < 0.01) on biomass 
production.  In  experiment  No 702  produc-
tion was ranging from 5.7 to  8.2 t  ha-1 y-1, 
while  in  experiment  No 707 was 1.6-2.8  t 
ha-1 y-1 (Fig. 3). Ranking of provenances was 
stable  in  both  sites,  with  notably  different 
growth  conditions:  the  mean  correlation 
among provenance was  r = 0.74 (p < 0.01).

Significant  effect  of  genotype  (clones, 
breeds) and soil conditions on above-ground 
biomass production  has been  detected  also 
for other species grown or proposed for bio-
mass production in the Baltic Sea region: Al-
nus glutinosa,  Populus tremula,  Salix spp., 
Populus spp.  For  example,  two-fold  diffe-
rences in dry above-ground biomass produc-
tion of Salix breeds on fertilized and unferti-
lized plots were detected in Estonia in trials 
with  4-year  rotation  period  (Heinsoo  et  al. 
2002). Analysis of common aspen stands on 
former agricultural lands at the age from 5 to 
24 years reveals notable variation of dry bio-
mass production: 2.9 to 9.2 t ha-1 y-1, with the 

lowest  productivity  for  stands  growing  on 
sandy soils (Johansson 1999). Depending on 
Salix breed, biomass production in 4-5 year 
rotation  period  on  fertilized  soils  reaches 
from 8  to  14  t  ha-1  y-1 in  southern  part  of 
Sweden (Willebrand et al. 1993), with simi-
lar  climatic  conditions  as  in  Latvia.  In  the 
same region, biomass production at the age 
of 6 years on former arable land for poplars 
was 7.5 t ha-1  y-1, for hybrid aspen, for grey 
alder 4.5 t ha-1  y-1 and for birch 2.3 t ha-1  y-1 

(Telenius 1999). These figures are similar or 
lower than those found for Pinus contorta in 
experiment No 702.  Above-ground biomass 
production  in  4  to  40-years-old  grey alder 
stands,  typically located on  fertile  soils,  in 
Scandinavian and Baltic States reaches 3-5 t 

ha-1  y-1 (Bjorklund & Ferm 1982,  Saarsalmi 
et al. 1985, Saarsalmi & Mälkönen 1989, Jo-
hansson  2000,  Uri  et  al.  2002,  Miezite 
2008). These figures are consistent with our 
results  for  Pinus  contorta on  poor,  sandy 
soils (trials No 707 and No 82). Higher bio-
mass  production  (4.5  to  10  t  ha-1  y-1)  was 
found for  hybrid  aspen  and poplars,  where 
regeneration  by  sprouting  was  carried  out 
(Johansson  1999,  Telenius  1999,  Kunze et 
al.  2006,  Rytter  2006).  Productivity  is 
mostly (but not always) higher also in  Salix 
plantations,  where  fertilizer  is  used:  for 
example, in Latvia and Lithuania it reaches 
2.2-13  t  ha-1  y-1 (Smaliukas  et  al.  2007, 
Lazdina  et  al.  2009).  Results  reveal  that 
Pinus  contorta has  similar  or  higher  pro-
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Fig.  1 -  Above-ground  biomass of young  Pinus  contorta and  Pinus  sylvestris stands  in 
Latvia.  Pinus sylvestris biomass was recalculated assuming the same survival as for  Pinus  
contorta in a particular trial. For more details, see text.

Fig. 2 - Productivity and survival of Pinus sylvestris relative to that observed for Pinus con-
torta in a particular trial.
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ductivity  than  other  species  recommended 
for establishment  of biomass plantations in 
the  Baltic  Sea  region,  especially  on  poor, 
sandy soil where fertilization is not applied.

In  the  plantation  biomass  could  be  ob-
tained not only by clear felling, but also by 
thinning.  Results  reveal  that  light  thinning 
from below (according to current legislation 
in  Latvia),  leaving  1000  tallest  trees  ha-1, 
would provide on average 33.3 t ha-1 dry bio-
mass in experiment No 707 and 61.8 t ha-1 

biomass  in  experiment  No  702.  Biomass 
production  of  suppressed  trees  on  poor 
sandy soil at the age of 22 years ranges from 
1.4 to 2.6 t ha-1 y-1 (1.9 ± 0.20 t ha-1 y-1 on 
average) and could ensure notable income in 
thinning.

The analysis carried out failed to reveal any 
specific trend in productivity of  Pinus con-
torta (biomass, height, diameter) in relation 
to  the geographical  location  of  provenance 
(latitude, longitude, altitude). Results are co-
herent  with  the  earlier  findings  in  Sweden 
from  sites  with  similar  climatic  and  pho-
toperiodic  conditions  as  in  Latvia:  best 
growing  provenances  originated  from  lati-
tudes  51°-56°  N,  and  no  trend  between 
provenance origin and its height growth was 
found  (Hagner  1993,  Stål  &  Stål  1993). 
Within  this  geographical  range,  individual 
seed source has an important impact on the 
plantation  success  (productivity,  survival  - 
Lindgren 1993).

Conclusions
Currently,  most of the biomass consumed 

in  the  growing  number  of  modern  district 
heating plants in cities and municipalities is 
supplied by logging residuals, but the share 
of  wood  chips  from  clearing  of  naturally 
over-grown abandoned agricultural  lands is 
increasing.  It  is  likely that  this  source will 
need to be replaced with wood from planta-
tions in the future. Our results suggest that 

properly selected provenances of Pinus con-
torta can be the best alternative for the es-
tablishment  of  such  plantations  on  poor 
soils, since the biomass is significantly (p < 
0.01) and considerably (more than two-fold) 
higher  than  that  of  the  native  Pinus  
sylvestris. On fertile soils,  establishment  of 
plantations  for  biomass  production  is  cur-
rently carried out at small scale by Populus 
spp.,  and  Alnus incana (less than 30 ha in 
year 2011), but predominantly by Salix spp. 
clones (152 ha). Our results prove that Pinus  
contorta is a competitive alternative also in 
these conditions,  producing similar amount 
of biomass (7.1 ± 0.40 t ha-1  y-1) and not re-
quiring  fertilization  and  intensive  manage-
ment.
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