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Allelopathic effects of dominant ground vegetation species on initial 
growth of Pinus sylvestris L. seedlings in response to different 
temperature scenarios

Vaida Sirgedaitė-Šėžiene (1), 
Ligita Baležentienė (2), 
Iveta Varnagirytė-Kabašinskienė (1), 
Vidas Stakėnas (1), 
Virgilijus Baliuckas (1)

The dominant species of ground vegetation cover in clear-cuts impact the
regeneration  of  Scots  pine  forests  due  to  the biochemical  properties  of
these dominant species. Environmental conditions in clear-cuts, specifically
increased light and temperature, can alter the biochemical impact of domi-
nant species on subsequent Scots pine regeneration processes. To investi-
gate this, plant species diversity, frequency and cover were estimated in or-
der to identify the dominant species of ground vegetation in clear-cut areas
over a two-year period. Afterward, the impact of dominant species extracts
on pine seed germination and seedling physiology at different temperature
scenarios  was  evaluated.  The species  Pleurozium schreberi (Brid.)  Mitt.,
Vaccinium vitis-idaea L. and Calluna vulgaris (L.) Hull were recorded as do-
minant  in  1-yr-old  clear-cut  areas,  and  Vaccinium vitis-idaea L.,  Rumex
acetosella L., and Calamagrostis epigejos (L.) Roth were dominant in 2-yr-
old clear-cut areas. The prepared aqueous extracts of all dominant species
exhibited strong inhibitory effects on pine seed germination and seedling
morpho-physiological traits (the length of the radicle and hypocotyl; chloro-
phyll a, b, a/b and carotenoid content), resulting in the reduction of ex situ
pine adaptive capacity at higher air temperature (24°C) compared to that at
lower temperature (20°C). Significantly (p<0.05) stronger inhibitory effects
of root and shoot extracts produced from all dominant species on chloro-
phyll a, b and a/b content were recorded at higher temperature (22-24°C)
compared to  lower (20°C)  temperature.  A significantly  lower content  of
carotenoids was observed in the control (24°C) temperature. Thus, a high
increase  of  ambient  temperature  may cause  unfavourable  conditions  for
Scots pine seedling growth in boreal forests.
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Introduction
The  phenomenon  of  allelopathy  is  de-

fined as the process of plant-plant chemi-
cal interaction that results in either positive
or negative effects (Donnelli  et  al.  2008).
Allelochemicals, which are regarded as sec-
ondary  metabolites,  are  natural  products
delivered  through  decomposition,  volatil-
ization, leaching, and root exudation (Ruan
et al. 2016). They play an important role in
the  distribution  of  plant  populations,  the
succession  of  communities,  the  nutrient

chelation,  and  also  in  physiological  pro-
cesses  (Wardle et al. 2011,  Vanderstukken
et al. 2014,). It is still under discussion if al-
lelopathy may drive forest succession and
ecosystem-level  allelopathic  effect  may
cause the regeneration failure of conifers.
The wide range of biochemical compounds
produced by plants can determine diverse
biological  changes  (Heidarzadeh  et  al.
2010). 

Typically, donor plants increase both the
production and release  of  secondary  me-

tabolites under stress conditions, and this
consequently causes a higher allelochemi-
cal concentration in the environment (Sezi-
ene  et  al.  2017).  Allelochemicals,  among
other environmental factors – both abiotic
(temperature,  light,  moisture,  nutrients)
and biotic (herbivores, pathogens) – syner-
gistically  affect  various  functions  of  plant
species,  such as  their  regeneration ability
(Oyun  2006).  However,  few  studies  have
investigated plant occurrence and regener-
ation  in  response  to  the  concomitant  ef-
fect of several environmental factors (Ping
et al. 2009). Climatic changes influence the
ecological  environment  and  this  can  un-
doubtedly affect the recruitment and pop-
ulation dynamics of plants. Early stages of
plant growth are expected to be more sen-
sitive to climate change than adult stages
and, as such, represent a main obstacle to
recruitment  (Donohue  et  al.  2010).  Seed-
ling  emergence  is  usually  synchronized
with seasonal changes in the environment
(Ruan et al. 2016). For the plasticity/adapta-
tions  of  tree  species,  however,  we know
very little about their germination behavior
in  response  to  environmental  changes
(Berner et al. 2013). 
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Moreover,  the response  of  seedlings  to
increased  temperature  is  not  fully  under-
stood. It is known that temperature affects
photosynthesis  and respiration processes,
i.e.,  higher-than-optimal  temperature  in-
creases  respiration  but  inhibits  the  inten-
sity of photosynthesis (Santos et al. 2009).

A  reduction  in  chlorophyll  content  is  a
common plant response to the impact of
allelochemicals  (Benyas  et  al.  2010,  Hei-
darzadeh et  al.  2012).  Allelochemicals  can
reduce  chlorophyll  accumulation  in  three
ways through: (i)  the inhibition of  chloro-
phyll synthesis; (ii) the stimulation of chlo-
rophyll degradation; and (iii) both the inhi-
bition  and  stimulation  together  (Heidar-
zadeh et al. 2012). Often, changes in chloro-
phyll synthesis are a consequence of plant
response to cellular damage due to allelo-
chemicals (Benyas et al. 2010), thus causing
poor plant growth (Rashed Mohasel & Mo-
osavi 2007).

Species with a wide distribution are espe-
cially useful to test changes in recruitment
patterns as a consequence of climate alter-
ations, as they grow under strongly differ-
ent  ecological  conditions  across  their
range.  Scots  pine (Pinus  sylvestris  L.)  has
the  largest  geographical  distribution
among pine species, and is one of the most
widespread conifers  on Earth,  distributed
from the Mediterranean to the Arctic (Ma-
tias et al. 2012). This wide latitudinal distri-
bution results  in this  species growing un-
der  strongly  differentiated  environmental
conditions throughout its  range,  with the
greatest contrast at northern and southern
range edges (Matias & Jump 2014). Conse-
quently,  Scots  pine is  an important  study
species for the detection of variation in re-
cruitment patterns across wide geographi-
cal areas.

The goal of this study was to evaluate the
allelopathic  activity  of  aqueous  extracts
produced from both shoots and roots of 1-
yr-old and 2-yr-old ground-vegetation dom-
inant species grown in clear-cuts of Scots
pine  stands  (Pinetum  vacciniosum)  in  re-
sponse  to  different  temperature  regimes
ex situ.  A multifunctional experiment was
designed in order to reveal the implications
and interactions between allelopathic and
plant  development  parameters  (species
and plant parts) on Scots pine seed germi-
nation  and  morpho-physiological  traits  of
seedlings.

Materials and methods

Dominant species
The study was conducted in a Scots pine

forest site at the Trakai  Forest Enterprise
located in the south-eastern part of Lithua-
nia (54° 30′ – 54° 38′ N, 24° 50′ – 25° 00′ E).
The  successional  stages  of  herbaceous
phytocoenoses  were  surveyed  in  1-yr-old
and  2-yr-old  clear-cuts  after  reforestation
of Scots pine stands during summer (June-
July). In total, seventeen clear-cuts, includ-
ing  eight  1-yr-old  and  nine  2-yr-old  clear-
cuts,  were  evaluated.  The  soil  in  the  site
was classified as Arenosol (WRB-IWG 2014).
The forest type was  Pinetum vacciniosum,
and  the  forest  site  type  was  Nb  – olig-
otrophic  mineral  soil  of  normal  moisture,
according  to  the  Lithuanian  classification
(LR-AM/LMI/VMT 2006). The mean annual
temperature in 1981-2010 was 6.9 °C (stan-
dard climatic normal [CN] of 1961-1990 was
6.2 °C) and the mean annual precipitation
in 1981-2010 was 686 mm (SN of 1961-1990
was 675 mm).  Frequency (%) and relative
plant cover (%) of ground vegetation spe-
cies were assessed in accordance with the
Braun-Blanquet (1964) scale (Tab.  1).  Sub-
sequently,  the  dominant  species  (hence-
forth: dominants) were sampled to obtain
aqueous  extracts  for  the  assessment  of
their allelochemical impact on potential ac-
ceptor  species.  Seed  germination  and
seedling  growth  of  acceptor  Scots  pine
trees were assessed as the main indicators
of the biochemical impact of dominants on
the initial stages of forest regeneration in
the clear-cuts.

Pigment bioassays
The fresh dominant plants were sampled

during mid-day in the 1- and 2-yr-old forest
clear-cuts after reforestation. The samples
were  collected  from  three  1-yr-old  and
three  2-yr-old  forest  clear-cuts.  The  sam-
ples were transported to laboratory in plas-
tic bags. For the production of 0.2% aque-
ous extract concentrations, air-dried plant
parts  (roots  and  shoots)  were  chopped
into pieces of 2 cm. Twenty grams of bio-
mass was placed in glass bottles filled with
100 ml of distilled water, covered with foil,
shaken  several  times,  maintained  for  ap-
proximately 12 hours at 18-20 °C and then
filtered (Balezentiene & Seziene 2010). The
extract pH was measured with a pH meter

(CyberScan Series 600® waterproof porta-
ble  meter,  Eutechinst  Instruments,  Singa-
pore).

The germination of  acceptor  pine seeds
was assessed according to the Internation-
al  Seed  Testing  Association  (ISTA  2007).
One  hundred  sterilized  Scots  pine  seeds
taken from Forest Seed and Plant Quality
Department of Lithuanian State Forest Ser-
vice were placed on filter paper in a 9-cm-
diameter Petri  dish. Five millilitres of  0.2%
extract was added to each Petri  dish and
covered. Each treatment consisted of three
replicates  with  one  hundred  Scots  pine
seeds. For the control, seeds were sown in
the distilled water. Additional five millilitres
of  distilled  water  (control)  and  dominant
plants aqueous extracts (treatments) were
added in Petri dishes every five days over
the germination period.

For  seed  germination  analysis,  all  Petri
dishes were stored at controlled tempera-
ture conditions that consisted of four dif-
ferent temperature regimes (18, 20, 22 and
24 °C) for 21 days. The germination rate was
assessed every 7 days, i.e., after 7, 14 and 21
days.  At  the  end  of  the  experiment,  the
length  of  the  radicle  and  hypocotyl  was
measured. In addition, 0.2 g of fresh pine
seedling shoot was sampled for chlorophyll
a and b (chl a and chl b) and carotenoid as-
says, with 3 replications per treatment. The
content of carotenoids and chl a and b (mg
g-1)  was  estimated  spectrometrically  (Shi-
madzu UV-1800®,  Shimadzu Corp.,  Japan)
at 440.5, 662 and 644 nm wavelengths (D),
respectively. For the calculation of pigment
contents,  the  following equations  were
used (Wettstein 1957 – eqn. 1, eqn. 2, eqn.
3):

(1)

(2)

(3)

where c is the pigment content (mg g -1),  V
is  the  extract  volume  (ml),  and  P is  the
fresh mass of seedling needles (g).

Laboratory  analyses  were  performed  at
the Institute of Forestry of the Lithuanian
Research  Center  for  Agriculture  and
Forestry (LAMMC).

Statistical data analysis
The confidence limits of the data were as-

sessed by Wilkin’s λ-test and Fisher’s theo-
retical  criterion  (F).  Standard  deviations
(SD) were calculated at the level of statisti-
cal significance of p<0.05. The results of al-
lelopathic effects were evaluated using the
statistical  package  STATISTICA® (StatSoft
Inc., Tulsa, OK, USA). The Student t-test (t)
and  Kolmogorov-Smirnov  (KS)  test  were
used  to  determine  statistically  significant
differences in germination rates and mor-
pho-physiological parameters under differ-
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Tab. 1 - Mean (± standard deviation) frequency and cover of the dominant species of
ground vegetation recorded in the clear-cuts of Scots pine stands.

Age of
clear-cuts Dominant species Frequency (%) Cover (%)

1-yr-old Pleurozium schreberi (Brid.) Mitt 96.9 ± 4.3 9.7 ± 5.4

Vaccinium vitis-idaea L. 95.3 ± 5.7 10.2 ± 3.0

Calluna vulgaris (L.) Hull 86.5 ± 17.1 6.3 ± 1.8

2-yr-old Vaccinium vitis-idaea L. 90.7 ± 6.5 12.2 ± 1.6

Calamagrostis epigejos (L.) Roth 44.0 ± 8.6 5.6 ± 1.1

Rumex acetosella L. 68.1 ± 16.1 2.9 ± 1.1
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Carotenoid=4.695⋅D440.5

−0.268⋅(chla+b)
c⋅V
P⋅1000

chl a=9.784⋅D662−0.990⋅D664
c⋅V
P⋅1000

chlb=21.426⋅D644−4.650⋅D662
c⋅V
P⋅1000
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ent  temperature  regimes.  Redundancy
analysis (RDA) was used to determine the
relationships  between  different  tempera-
tures and germination rates, the effects of
dominant species and their parts on mor-
phometric parameters, analysed using the
software  XLSTAT® (Exeter,  Setauket,  NY,
USA).  The  SAS  MIXED  procedure  (REML
method) was used to determine which ef-
fect had the strongest  impact  on the ob-
tained  data  variability  (SAS  Institute  Inc.
2010). Statistical analysis was performed in
order to determine which factor or interac-
tion had the strongest impact on the vari-
ability of the obtained data. The effects of
fixed parameters, i.e., temperature and ex-
tract pH group (1: 2.0 < pH ≤ 4.9; 2: 4.9 < pH
≤ 5.9; 3: 5.9 < pH < 7.0) were evaluated by
means of the TEST3 method.

The initial SAS MIXED procedure was per-
formed according to the following model
(eqn. 4):

(4)

where yijklmn is the response value for the n-
th observation;  μ is the overall mean;  si is
the fixed effect for the i-th temperature; pj

is the fixed effect for the j-th replication; hk

is the fixed effect for the k-th pH group;  rl

is the random effect for the l-th species; dm

is  the  random  effect  for  the  m-th  plant
part; rhlk is the random effect for the inter-
action  of  the  l-th  species  and  k-th  pH
group; dhmk is the random effect for the m-
th  plant  part  and  k-pH group  interaction;
rsli is the random effect for the l-th species
and i-th temperature interaction; dsmi is the
random effect for the m-th plant part and
the  i-th temperature interaction; and  εijklmn

is the random error.
Furthermore,  a  series  of  models  with

fixed effects from model (4) but with a sin-
gle  random  effect  were  included.  There-
fore, we finally obtained six models associ-
ated with respective random effects. This
part  of  the  statistical  analysis  was  per-
formed using the software SAS/STAT ver.
9.3 (SAS Institute Inc. 2010).

Results
Pleurozium schreberi and  Vaccinium vitis-

idaea were detected in 97% and 95% of the
experimental  plots  in  the  1-yr-old  clear-
cuts, respectively. The next dominant spe-
cies was  Calluna vulgaris at a frequency of
87%. The relative plant cover of  Vaccinium
vitis-idaea increased by 2% and reached 12%
in  the  2-yr-old  clear-cuts.  Therefore,  this
species  ensured  a  dominating  position  in
relation to that of other plants. Mean fre-
quencies of 44% and 68% were recorded for
Calamagrotis  epigejos and Rumex  aceto-
sella, respectively. These two species were
classified as dominants due to their vigor-
ous  and  various  spreading  abilities  (both
generative and vegetative), and these spe-
cies structurally altered the phytocoenoses
that  was  previously  established  in  the
clear-cuts.

Effects on pine germination and 
seedling morphology

The  phytotoxic  impact  of  aqueous  ex-
tracts on seed germination and hypocotyl
and  radicle  length  were  dependent  on
dominant species, plant part, age of clear-
cut and temperature scenario (Fig. 1, Fig. 2,
Fig. 3).

The weakest suppressive effect on germi-
nation  rate  was  determined  for  all  domi-
nant species at 20 °C. The inhibitory effect
of  dominant  species  increased  with  in-
creasing  temperature.  RDA  revealed  that
seed germination at 20 °C was less affected
by shoot extracts of  V. vitis-idaea and root
extracts of  C. vulgaris sampled in the 1-yr-
old clear-cuts. The 22 °C temperature was

favourable for germination with the shoot
extracts of R. acetosella and C. epigejos of 2-
yr-old clear-cuts.

A significant (p<0.05) decrease in germi-
nation rate was determined for shoot ex-
tracts  of  V.  vitis-idaea  and  R.  acetosella
when the temperature increased from 20
to 22 °C (Tab. 2).

The Kolmogorov-Smirnov test revealed a
significant inhibition of P. schreberi extracts
(p<0.01)  and  C.  epigejos  shoot  extracts
(p<0.01)  on  pine  seed  germination  rates.
Seed germination inhibition significantly in-
creased  when  the  temperature  increased
from  20  to  24  °C  (Tab.  2).  A  significantly
strongest  inhibition  of  seed  germination
was recorded for the shoot extracts of  V.

iForest 12: 132-140 134

Fig. 1 - RDA of the impact of the shoots (black triangles) and roots (black squares) of
dominant species aqueous extracts on germination at different temperatures (T18: 18
°C; T20: 20 °C; T22: 22 °C; T24: 24 °C). (*): dominant species of 2-yr-old clear-cuts.

Tab. 2 - Kolmogorov-Smirnov test results for germination rate at different tempera-
ture ratio simulations. (*): p<0.05; (**): p<0.01; (***): p<0.001.
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Extract Dominant species

Temperature (°C)

18/20 20/22 20/24 18/22 18/24 22/24

1-
yr

-o
ld

Shoot P. schreberi - - ** - - -

V. vitis-idaea * - - * - *
C. vulgaris - - - - * -

Root P. schreberi - - - - - -
V. vitis-idaea - ** ** * ** -

C. vulgaris ** ** ** - - -

2-
yr

-o
ld

Shoot V. vitis-idaea - - - - - -

C. epigejos - - ** - - **

R. acetosella - * - - - -

Root V. vitis-idaea - - - - - -

C. epigejos - - - - - -

R. acetosella - - - * - -
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vitis-idaea (p<0.05) and C. epigejos (p<0.01)
when the  temperature increased from 22
to 24 °C.

The primary  growth of  Scots  pine seed-
ling  roots  exhibited  sensitivity  to  both
shoot and root aqueous extracts of domi-
nant species (Fig. 2).  The inhibitory effect
of  different  species  and  their  parts,  sam-

pled from both 1- and 2-yr-old clear-cuts, on
pine seedling radicle growth was stronger
than that on hypocotyl growth at all tem-
peratures (Fig. 3).

A temperature of 20 °C was recorded as
the most favourable for pine seedling radi-
cle  growth.  Radicle  growth  was more in-
hibited by C. vulgaris shoot extracts of 1-yr-

old clear-cuts than by those of other domi-
nant  species.  Moreover,  radicle  length  of
seedlings  was  severely  affected  by  shoot
extracts  of  V.  vitis-idaea as  well  as  both
shoot and root extracts of  R. acetosella  of
2-yr-old  clear-cuts.  The  seed  germination
and radicle length of pine seedlings at 24 °C
were  less  conducive.  Aqueous  root  ex-
tracts showed less inhibitory effects at all
temperatures.

The increase in temperature from 20 to 22
°C and from 20 to 24 °C (Tab. 3) significantly
decreased  the radicle  length of  seedlings
treated with aqueous root extracts of V. vi-
tis-idaea  (p<0.05  and  p<0.01  for  20/22  °C
and 20/24 °C,  respectively) and  C.  vulgaris
(p<0.05 and p<0.001 for 20/22 °C and 20/24
°C, respectively).

The  weakest  suppression  of  hypocotyl
length and pine seed germination rate was
determined  for  the  majority  of  dominant
species at 20 °C temperature (Fig. 3). RDA
revealed that the hypocotyl length of pine
seedlings  was  severely  affected  by  shoot
extracts of  V. vitis-idaea  and root extracts
of both C. epigejos and R. acetosella of 2-yr-
old clear-cuts at 20 °C temperature. More-
over,  the  hypocotyl  length  of  pine  seed-
lings  was  significantly  inhibited  by  the
shoot  extracts  of  C.  vulgaris  of  1-yr-old
clear-cuts.  A  temperature  of  22°C was  fa-
vourable  for  pine  seedling  hypocotyl
growth  in  shoot  extracts  of  R.  acetosella
and C. epigejos of 2-yr-old clear-cuts.

The weakest though still  statistically sig-
nificant  inhibition  was  determined  for  P.
schreberi extracts with changing tempera-
ture.  Hypocotyl  length  significantly  de-
creased in root extracts of V. vitis-idaea and
C. vulgaris when the temperature increased
from 20 to 22 °C (p<0.001 and  p<0.01,  re-
spectively)  and from 20 to 24 °C (p<0.001
and p<0.001, respectively).

Allelopathic effects on pigment 
concentration

The  aqueous  extracts  of  dominant  spe-
cies reduced the chlorophyll concentration
in  pine  seedlings  due  to  the  biochemical
impact (Tab. S1 in Supplementary material).

Chl  a and  chl  b concentration  was  se-
verely  affected  by  the  shoot  extracts  of
both V. vitis-idaea (0.35 and 0.15 mg g-1, re-
spectively) of 1-yr-old clear-cuts and R. ace-
tosella (0.28 and 0.12 mg g-1,  respectively)
of 2-yr-old clear-cuts at 18 °C temperature
(Tab. S1). The roots of  R. acetosella  and  C.
epigejos sampled  from  2-yr-old  clear-cuts
exhibited  the  strongest  phytotoxicity  on
the concentration of chl  a (0.31 mg g-1 and
0.12 mg g-1 for R. acetosella and C. epigejos,
respectively)  and chl  b (0.44 and 0.17 mg
g-1, respectively) obtained in pine seedlings.
A strong inhibitory effect on chl a and chl b
concentration in pine seedlings was caused
by the shoot extracts of both C. vulgaris of
1-yr-old clear-cuts (0.62 and 0.23 mg g -1, re-
spectively)  and  V.  vitis-idaea  of  2-yr-old
clear-cuts  (0.62  and  0.24  mg  g-1,  respec-
tively) at 24 °C temperature compared with
that of the control.
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Fig. 2 - RDA of the impact of the shoots (black triangles) and roots (black squares) of
dominant species  aqueous extracts  on the radicle  length of  seedlings  at  different
temperatures (T18: 18 °C; T20: 20 °C; T22: 22 °C; T24: 24 °C). (*): dominant species in the
2-yr-old clear-cuts.

Fig. 3 - RDA of the impact of the shoots (black triangles) and roots (black squares) of
dominant species aqueous extracts on hypocotyl length of pine seedlings at different
temperatures (T18: 18 °C; T20: 20 °C; T22: 22 °C; T24: 24 °C). (*): dominant species in the
2-yr-old clear-cuts.

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry



Allelopathic effects of dominant ground vegetation on Scots pine seedlings

The  chl  a/b ratio  in  the  control  pine
seedlings  increased  with  increasing  tem-
perature gradient,  i.e.,  the value was 1.95
mg g-1  at 18 °C, 2.36 mg g-1  at 20 °C, 2.53 mg
g-1 at 22 °C and 2.77 mg g -1 at 24 °C (Tab. S1).
In the control treatment, the increased chl
a/b ratio  was  mainly  caused by  increased
chl a concentration.

The  chl  a/b ratio  in  pine  seedlings  in-
creased at 18 °C temperature in all extracts
of  dominant  species  due  to  faster  chl  b
degradation, thus reducing the high risk of
low-temperature stress on pine seedlings.
The chl  a/b ratio at 20 °C temperature was
significantly strongly affected by the shoot
extracts of both  R. acetosella  (1.74 mg g-1)
and  V.  vitis-idaea  (1.84  mg  g-1)  of  1-yr-old
clear-cuts  compared to those of  the con-
trol  (Tab.  S1).  When  the  temperature  in-
creased from 18-20 °C to 22 °C, significantly
(p<0.05)  stronger  inhibitory  effects  were
determined both for the root and shoot ex-
tracts  of  all  dominant  species  of  1-yr-old
clear-cuts  and for  the root and shoot ex-
tracts of  C. epigejos  and  R. acetosella  of 2-
yr-old  clear-cuts  compared  with  those  of
other  dominant species.  The chl  a/b ratio
was  strongly  inhibited  by  the  shoot  ex-
tracts of  R. acetosella  of 2-yr-old clear-cuts
(2.37 mg g-1) at 24 °C temperature.

Nonetheless, the aqueous extracts of do-
minant species inhibited natural defensive
reactions to stress exerted on pine seed-
lings,  i.e.,  the treatment with extracts de-
creased the  concentration  of  carotenoids
(Tab. S1 in Supplementary material).

When comparing the allelopathic activity
of  different  dominant  species  on  carote-
noid concentrations in pine seedlings at 18
°C and 20 °C temperatures, it was revealed
that  the  carotenoid  concentration  was
more  affected  by  the  shoot  extracts  of
both  C.  vulgaris  of 1-yr-old clear-cuts (0.15
and 0.13  mg g-1 for  18  and 20 °C,  respec-
tively)  and  R.  acetosella of  2-yr-old  clear-
cuts  (0.12  and  0.08  mg  g-1,  respectively).
The extracts of all dominant species stimu-
lated carotenoid concentrations increasing
temperature from 18 to 22 °C. The weakest
inhibitory effect at 22 °C temperature was
caused by P. schreberi  of 1-yr-old clear-cuts
(0.15 mg g-1), the strongest inhibitory effect
was caused by the shoot extracts of R. ace-
tosella  (0.20 mg g-1). The concentration of
carotenoids in the control pine seedlings at
24 °C  temperature  significantly  decreased
(0.02 mg g-1) compared to that at 18 °C tem-
perature, at which the concentration was
0.16  mg g-1.  At 20 °C,  the carotenoid con-
centration was 0.18 mg g-1; at 22 °C, 0.25 mg
g-1.

The highest temperature of 24 °C was the
main  factor  that  decreased  pine  seedling
resistance to other stresses, specifically the
effect  of  dominant  species  extracts.  The
largest decrease in chl a concentration was
determined for the shoot and root extracts
of both C. vulgaris of 1-yr-old clear-cuts and
R. acetosella of 2-yr-old clear-cuts when the
temperature increased from 18-20 to 24°C
(Tab. 4).

Interaction between dominant species 
and temperature

The results obtained from the analysis of
variance (Tab. 5) showed that temperature
(as a fixed effect) as well as the interaction
of dominant extracts and temperature (as
a random effect) had a significant impact
on pine seed germination (p<0.05) and the
concentration  of  chlorophyll  a (p<0.001
and  p<0.01,  respectively),  chlorophyll  b

(p<0.001  and  p<0.05,  respectively),  and
carotenoids  (p<0.001  and  p<0.05,  respec-
tively).

The variability of the radicle (p<0.01) and
hypocotyl  (p<0.05)  lengths  was  most  af-
fected by the interaction of dominant spe-
cies  and  temperature.  Temperature  and
dominant species were the primary factors
that contributed to the largest variability of
the obtained data. Moreover, it was deter-
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Tab.  3 -  Results  of  the  Kolmogorov-Smirnov test  for  radicle  and hypocotyl  length
responses to extracts at different temperature ratio (°C).  (*):  p<0.05;  (**):  p<0.01;
(***): p<0.001.
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Radicle length (mm) Hypocotyl length (mm)

1-
yr

-o
ld

Shoot P. schreberi * ** *** - ** - - *** *** ** *** *

V. vitis-idaea ** - * ** - ** - - * - - -

C. vulgaris - - - - - - - - - - - -

Root V. vitis-idaea - * ** - - - - *** *** * * -

C. vulgaris - * *** - - ** - ** *** - * ***

2-
 y

r-
ol

d

Shoot V. vitis-idaea - - - - - - - - - - - -

C. epigejos - - - - - - - - - - - -

R. acetosella - - - - - - - - - - - -

Root V. vitis-idaea - - - - * - - * * - * -

C. epigejos * - - - - - - - - - - -

R. acetosella - - - - - - - - - - - -

Tab. 4 - Evaluation of differences in chlorophyll and carotenoid concentrations (mg
g-1) along the temperature gradient according to the Kolmogorov-Smirnov test. (*):
p<0.05; (**): p<0.01; (***): p<0.001.
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Shoot P. schreberi - * ** * ** ** - - - - ** -
V. vitis-idaea * - *** ** *** - * - ** ** - **
C. vulgaris - *** *** ** *** - - ** - - - -

Root V. vitis-idaea - - *** - *** * - - - - - -
C. vulgaris - * *** - *** - - - - - - -

2-
 y

r 
-o

ld

Shoot V. vitis-idaea - ** *** ** *** - - - ** - ** *
C. epigejos - ** ** * ** - - * - - - **
R. acetosella - *** *** *** *** * * ** - *** * **

Root V. vitis-idaea - ** ** ** ** - - - - - - **
C. epigejos - *** *** ** *** * - - - * - *
R. acetosella - ** *** ** *** ** - - - * - **

Chlorophyll a Chlorophyll b

1-
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ld

Shoot P. schreberi - - ** - ** ** - * ** *** ** -
V. vitis-idaea - ** *** ** *** - * - - *** *** -
C. vulgaris * *** *** ** *** * - ** ** - - -

Root V. vitis-idaea - - *** - *** * - - ** - - -
C. vulgaris ** ** *** - *** ** - - - * ** -

2-
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r 
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ld

Shoot V. vitis-idaea - * *** - *** * - * ** * ** -
C. epigejos - ** ** ** *** * - * - * - -
R. acetosella - *** *** *** *** - - * *** *** *** -

Root V. vitis-idaea - - ** * ** * - ** - *** ** **
C. epigejos - ** *** ** *** * * - ** *** *** -
R. acetosella - ** *** ** *** ** - ** ** ** *** *
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mined  that  the  extract  pH  values  signifi-
cantly impacted the seed germination rate
(p<0.01)  and  chlorophyll  concentration
(p<0.05  to  p<0.001).  A  statistically  signifi-
cant weak positive correlation was deter-
mined between extract pH and both seed
germination  rate  (r=0.27)  and  chlorophyll
concentration (r=0.11 – data not shown).

Discussion
The present study was designed to deter-

mine  the  allelopathic  activity  of  aqueous
extracts  produced  from  the  shoots  and
roots of the 1-yr-old and 2-yr-old dominant
plants  growing  in  the  clear-cuts  of  Scots
pine stands  in  response to different  tem-
perature regimes ex situ. Ping et al. (2009)
noted that temperature can be considered
as one of the most important factors pro-
moting the allelopathic potential of plants.
The results of the current study show that
the inhibitory effect of the extracts of do-
minants  on  Scots  pine  seedlings  directly
correlates with temperature. This response
could depend on altered microclimatic con-
ditions after forest clear cutting (increased
light and temperature), which accelerates
the growth of these species. Temperature
is a critical  driver for plant distribution at
the global scale, because it strongly influ-
ences seed germination, growth, and sur-
vival at the population scale (Diemer 2002,
Walck et  al.  2011).  Tang et  al.  (1995) indi-
cated  that  stressful  conditions  cause
higher  concentrations  of  allelochemicals.
These findings correspond to our data re-
garding seed germination observed for all
extracts at the highest tested temperature,
which  was  identified  as  the  most  unfa-
vourable for seeds.  Matias & Jump (2014)
pointed  out  that  seed  germination  and
early seedling growth and survival are the
most vulnerable life stages of trees. Seed-
lings and young saplings are more sensitive
to abiotic conditions than trees because of
their  limited root system,  therefore,  they
respond  more  rapidly  to  environmental
changes  than  adult  trees  (Lloret  et  al.
2009). For this reason, early stages are ex-
pected  to  represent  the  critical  stage  in
plants during experiments.

Our findings indicated that seed germina-
tion inhibition significantly increased when

the temperature increased from 20 to 24
°C.  These  results  match  with  those  ob-
served in previous studies showing that in-
creased  temperature  stimulates  the  pro-
duction of higher allelochemical concentra-
tions, which could have stronger effects on
acceptor species (Wang et al.  2011,  Zhang
et al. 2014). However, our results indicated
a different response of the root and shoot
extracts of dominant species to seed ger-
mination  at  all  temperatures  compared
with the data obtained in previous studies
(Mahmoodzadeh et al. 2015,  Gulzar & Sid-
diqui 2014). A weaker inhibition of root ex-
tracts  has  been  specified  for  other  plant
species, for example  Heracleum mantegaz-
zianum (Apiaceae  – Balezentiene & Renćo
2014).  Our  study  indicated  that  aqueous
root extracts provided lower inhibitory ef-
fects than did shoot extracts. The different
responses of the studied species (Wang &
Wang  2006)  to  shoot  and  root  extracts
might be due to evolutionary differences in
resistance  to  allelopathic  compounds
among acceptor species.  The different  al-
lelopathic effects of the shoots and roots
of  dominant  species  has  also  been docu-
mented  by  other  authors  (Gulzar  &  Sid-
diqui  2014).  Mahmoodzadeh  et  al.  (2015)
noted that the different qualitative compo-
sition and quantitative content of biologi-
cally  active compounds might explain the
different  effects  of  shoots  and  roots  of
dominant species. Moreover, the inhibitory
effect  of  extracts  from different  parts  of
plant dominants on seed germination at all
temperatures might be due to imbalance in
metabolism  regulated  by  various  enzyme
activities  (Oyun  2006).  The  structure  of
plasma membrane might have become de-
natured by  the allelochemicals  present  in
shoot extract.

Seedling  parts  exhibited  different  re-
sponses to dominant extracts. The extracts
prepared from tested species inhibited the
radicle growth of pine seedlings more than
hypocotyl  growth  at  all  temperatures.
These findings agree to the results of previ-
ous  studies  indicating that  seedling roots
are more sensitive to allelochemicals than
shoots (Zhang et al. 2014).

Some authors (Givnish 1988, Yamazaki et
al. 2005) indicate that the ratio of chloro-

phyll  a to  b (Chl  a/b) is a key parameter of
plant  response  to  environmental  factors.
The results of our study indicated that the
Chl  a/b ratio in the control pine seedlings
increased along the temperature gradient.
Some authors suggested that such a proc-
ess might be related to a decrease in chlo-
rophyll  a/b-binding  proteins,  which  could
reduce the risk of photooxidative damage
due to the relative decrease in the absorp-
tion cross-section of photosystems (Cui et
al.  2006).  Alexieva et  al.  (2003) indicated
that such plant reactions might depend on
plant  adaptations to changing conditions,
i.e.,  protective reactions to stress factors,
such as increasing temperature in our case.
Climate change can challenge the adaptive
capacity  of  many  long-lived  species  as
trees,  probably  exceeding their  migration
capacity (Rehfeldt et al. 2002). Existing lo-
cal  adaptations  that  allow  individuals  to
tolerate  environmental  conditions  are  es-
pecially important in order to increase the
resistance and resilience of current popula-
tions. In summary, our results demonstrate
the relation between the chlorophyll  con-
centration and growth parameters (radicle
and  hypocotyl  length)  of  pine  seedlings.
Heidarzadeh  et  al.  (2012) suggested  that
the seedling parameters of  radicle  length
and chlorophyll  content and the seed pa-
rameter of germination rate could be used
as key parameters in such studies, because
these traits respond more sensitively to al-
lelochemicals.  Plant  allelochemicals  ad-
versely affect chlorophyll biosynthesis and
accumulation by interfering in chlorophyll
biosynthesis  and/or  destruction,  and  the
subsequent negative effects of these pro-
cesses  inhibit  photosynthesis  and  plant
growth (Rashed Mohasel & Moosavi 2007).

Previous  studies  reported  that  carote-
noids not only are involved in photosynthe-
sis but also act as antioxidants, protecting
cells  against  environmental  stress  (Alex-
ieva et al.  2003). The results of this study
indicated that increasing the ambient tem-
perature  up  to  24  °C  stimulates  the  in-
crease in carotenoids concentration, which
promotes  the  development  of  resistance
mechanisms in pine seedlings. A strong de-
crease in carotenoid concentration in the
control at the highest (24 °C) temperature
indicated pine intolerance for significantly
elevated  environmental  temperatures.
Moreover, our results indicate that the ex-
tracts of all dominant species stimulate ca-
rotenoid concentration at the highest test-
ed  temperature.  Einhelling  (1989) noted
that  allelopathic  interactions  affect  both
the  aggressiveness  of  donor  species  and
the  resistance  of  acceptor  species.  It  has
been  reported  that  Scots  pine  seedlings
have a very low drought resistance when
compared with  other  cohabiting Mediter-
ranean  species  (Matias  et  al.  2012).  Plant
responses and resistance to different envi-
ronmental  conditions  depend  on  the  ge-
netic  and physiological  properties  of  spe-
cies.  Complexes  consisting  of  chlorophyll
and  carotenoid  molecules  drive  the  elec-
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Tab. 5 - Variance components and standard errors of random effects as well as the F
criterion and significance (p-value) of fixed effects from separate analyses for each
trait. (Interaction): variance component of interaction between dominant species and
temperature (%, ± standard error, SE). (*): p<0.05; (**): p<0.01; (***): p<0.001.

Parameter
Interaction

(%) ± SE Pr > Z
Temperature pH

F criterion p-value F criterion p-value

Germination 7.11 ± 4.02 * 4.73 * 6.38 **
Radicle length 22.17 ± 5.77 ** 2.78 - 2.23 -
Hypocotyl length 21.75 ± 9.47 * 3.00 - 0.19 -

Chlorophyll a 25.33 ± 9.76 ** 39.70 *** 9.31 ***
Chlorophyll b 14.16 ± 6.15 * 20.79 *** 4.05 *

Chlorophyll a/b 10.42 ± 1.06 * - - 3.09 *
Carotenoid 13.85 ± 6.03 * 11.79 *** 0.67 -
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tron transport chain during the photosyn-
thetic process by absorbing light quantum
energy.  Consequently,  the  concentration
and  ratio  of  these  pigments  should  not
limit regular photosynthetic activity (Balči-
unas  et  al.  2008).  It  can therefore be as-
sumed that the new findings obtained re-
garding the changes in the allelopathic po-
tential  of  dominant  species  in  the  clear-
cuts  of  previous  Scots  pine  stands  in  Li-
thuania improve our understanding of the
impact of allelopathy on reforestation and
management  of  forest  ecosystems  under
changing climatic conditions.

Conclusions
The  inhibitory  allelopathic  effects  of

aqueous  extracts  depend  on  dominant
species,  plant  part  and ambient  tempera-
ture.

The  assessment  of  temperature  impact
(temperature increases from 18 °C to 24 °C
with 2 °C increments) revealed increased in-
hibitive  properties  of  dominant  extracts
with  increasing  temperature,  in  terms  of
decreased  seed  germination,  hypocotyl
height and root length.

The  chlorophyll  a/b ratio  in  Scots  pine
seedlings  decreased  along  an  increasing
temperature gradient for most of extracts
of dominant species.  The carotenoid con-
centration non-significantly increased with
increasing  temperature  from  18  to  22  °C.
However,  this  concentration  was  signifi-
cantly reduced at  24 °C.  The highest  vari-
ability  in  photosynthetic  pigment concen-
tration was induced by different tempera-
tures  (p<0.001).  The  lowest  carotenoid
concentration of 0.02 mg g-1 was observed
in the control pine seedlings at the maxi-
mum temperature of 24 °C, which caused a
decrease in pine adaptive capacity, i.e., the
lowest  seed  germination  and  seedling
growth.

The results of this study make it possible
to conclude that  Scots pine resistance to
the  highest  temperature  tested was  con-
siderably  lower  than  the  biochemical  im-
pact  obtained  from  the  extracts  of  the
dominant  species.  Consequently,  an  evi-
dent  increase  in  ambient  temperature
might  create  unfavourable  conditions  for
the  regeneration  of  boreal  tree  species
such as Scots pine, ultimately resulting in a
treeline shifts under a changing climate.
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