
INTRODUCTION

Common ash (Fraxinus excelsior L.), one of the northern
temperate zone hard-wooded broadleaved species, is known
to produce valuable timber over relatively short rotations
(Kerr, 1995). Because of mechanical properties and orna-
mental features of its timber comparable to oak, except for
low natural resistance to decay (Hannouz et al., 2015), ash
wood is widely used in joinery and for flooring (Sakss,
1958; Knaggs and Xenopoulou, 2004). The ecological role
of ash in forest ecosystems is also noteworthy due to its as-
sociation with numerous mammals, bird, bryophyte, fungi,
invertebrate and lichen species (Mitchell et al., 2014).

In Europe, the geographic range of common ash extends in
the west-east direction from the Atlantic coast almost to the
river Volga in inland Russia. Its northern limit is in Norway
at 64oN, extending South to the Mediterranean through the
northern regions of Spain, Italy, and Greece as far as 37oN
in Iran (Anonymous, 2005). Although common ash occurs
in a number of forest types and forest communities (Do-
browolska et al., 2011), it grows best in nutrient rich, moist,
and yet well-drained soils (Wardle, 1961; Kerr and Cahalan,
2004; Weber-Blaschke et al., 2008).

In Latvia, common ash, although capable of forming ecol-
ogically stable monocultures in localities with optimum

growing conditions, it is an admixture species found
throughout the country in mixed forests along with other
broadleaved trees and Norway spruce. Total area of ash-
dominated stands is 13 600 ha and its share in roundwood
resources is less than one percent of the total standing vol-
ume, and hence its economic importance is negligible for
Latvia (Anonymous, 2015). Therefore, Latvian researchers
have given little attention to common ash. The preceding
studies on the ecological preconditions for successful regen-
eration of ash and management practices for producing
quality timber date back to the mid-20th century (Sakss,
1952).

The decline of ash, over the last two decades, has become a
serious problem for Europe as a whole, with the causal
agent for it (the pathogenic fungus Hymenoscyphus pseu-

doalbidus (anamorph Chalara fraxinea) (McKinney et al.,
2014)) first appearing in Poland in the 1990s and subse-
quently infecting ash stands all over the continent (Pautasso
et al., 2013). This fungus has also been identified in Latvia
(Kenigsvalde et al., 2010). As a result, the cultivation of ash
as a forest crop should be discontinued in hope of breeding
Chalara fraxinea-resistant genotypes in the future (Cleary
et al., 2013; Gross et al., 2014). This rapidly spreading le-
thal disease, unprecedentedly damaging common ash, spot-
lights the need for more in-depth studies on the ecology and
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growth patterns of this species, taking into account the
broad spatial distribution of common ash populations. The
present study will contribute to the identification of the re-
gional populations and exploration of the diversity of eco-
types of the species, which is highly required for elaborat-
ing ash protection measures for particular forest growing
conditions.

Most of the studies on the growth characteristics of com-
mon ash conducted so far in Europe have been carried out
within or close to the middle part of the natural range of
ash. It would be of interest to investigate the growth fea-
tures of ash in Latvia, which is close to the northern bound-
ary of its geographical range. The marginal populations of
any species are of special interest for species self-survival,
as they comprise genetic traits of a population required for
adaptation to environmental change (Rajora and Mosseler,
2001).

The aim of the present study was to investigate the past
growth patterns of mature ash trees for a number of Latvia’s
common ash populations at the age of maturity, and to de-
scribe the spatial distribution of ash to identify the regions
with concentrations of ash-dominated stands. In order to
define the geographical distribution of common ash,
EUFORGEN recommends that the survey should be under-
taken in countries where common ash occurs (Pliûra and
Heuertz, 2003). The research results on growth features of
common ash will also be useful for evaluating the adequacy
of the existing yield tables for predicting the growth and
yield of ash and provide new knowledge about the growth
patterns of ash.

MATERIAL AND METHODS

The material for studying the growth patterns of common
ash comprises three sample trees in each of four ash-domi-
nated stands in the central and eastern part of Latvia. The
study sites selected represent the common ash populations

as distinguished by Sakss (1958), who mapped the regions
where ash is common as an admixtures species (Fig. 1). Ac-
cording to Latvian forest typology (Zâlîtis and Jansons,
2013) the sites were classified as Aegopodiosa (Viesîte and
Rundâle), and Mercurialosa mel. (Ainaþi and Barkava),
which represent the typical site conditions for common ash
stands. All stands were dominated by common ash with an
admixture of other deciduous tree species — wych elm
(Ulmus glabra Huds.), black alder (Alnus glutinosa L.),
Norway maple (Acer platanoides L.), birch (Betula pendula

Roth and Betula pubescens Ehrh.) and common aspen
(Populus tremula L.).

As the growth of the dominant trees is minimally affected
by competition during the development phase of the stand,
in each site three dominant trees with distinctly pronounced
apical dominance were selected as sample trees and felled.
The height of each sample tree was determined by measur-
ing stem length after felling. The stems were then cut in
two-meter sections. All the trees felled showed signs of
dieback — dead branches and tops. In determining the stem
length, accuracy of 0.1 meter was accepted, as exact mea-
surements were not possible due to loss of tree tops during
felling. Cross-sectional discs were sawn off at stump height,
1.3 meters above the stump height (DBH), and at the ends
of every stem section. The discs were sanded and scanned at
1200 dpi resolution. The disc basal area and the tree ring
widths were measured along four radii using WinDENDRO
Reg 2009b software (Regent Instruments Inc. Canada). The
biological age of each sample tree was determined by the
number of tree rings at stump height. The DBH o.b. was de-
termined from two perpendicular diameters of the discs
taken at height 1.3 meters above stump height. The charac-
teristics of sample trees are given in Table 1.

The stem analysis was conducted using WinSTEM 2005a
software (Regent Instruments Inc. Canada). The increment
values for tree height, DBH, stem volume, and basal area
were averaged for 10-year age brackets. The height-age

Fig. 1. Spatial distribution of common ash
in Latvia determined by Sakss (1958); indi-
cated are the sites where sample trees were
taken.
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curves were modelled following the Chapman-Richards
three-parameter growth function, which is widely used for
modelling tree and stand growth (e.g. Lekwadi et al., 2012):

Y a EXP b A C
� � � �( ( )1 (1)

where Y = tree height (m); A = tree age (years); a, b, c = pa-
rameters.

The function parameters were determined using the
SYSTAT nonlinear regression procedure for Windows 13
software (Systat Software, Inc. San Jose, USA) by the least
squares method and Gauss-Newton algorithm. Goodness of
fit of the model was evaluated using the predicted R2 values
(observed vs. predicted).

To analyse the territorial distribution of common ash in Lat-
via, data for 2015 from the State Forest Register were used.
All stands were selected where common ash was the domi-
nant species with the proportion of ash � 80% of the total
standing volume. The structure of the available databases
was not suitable for the identification of the forest stands
dominated by other species while containing common ash
as an admixture species. For this reason, such forest stands
were not included in the analyses. QGIS version 2.8.3 soft-
ware (Free Software Foundation, Inc., Boston, USA) was
used for plotting the data on the map.

RESULTS

The Chapman-Richards sigmoid growth function (1) used
here quite adequately describes the growth of the studied
ash trees: the values of the coefficients calculated for the
growth function equations for the four study sites ranged
from 0.920 to 0.997. The estimated coefficients for Eq. 1
are shown in Table 2.

The growth of ash trees in height in the two eastern sites
(Viesîte and Barkava) was similar, with the growth patterns
in the two other sites differing (Fig. 2). At the age of 100
years the tree height at Rundâle and Ainaþi was similar:

slightly below 25 meters. The development of height-age
curves in younger age stages markedly differed for both
sites. At Ainaþi, the tree growth in height till the age of
30–40 years was considerably faster than in other sites,
showing a relatively strong downward trend at older ages.
On the other hand, at Rundâle, at young age the tree growth
in height was slower, yet maintaining steady growth rates
later.

A visual comparison of the height-age curves modelled in
this study with those derived from the growth and yield ta-
bles is presented in Fig. 3. The tree growth in height for the
stands with Orlov’s site index I (Viesîte and Barkava) and
those of site index II (Rundâle) quite accurately follow the
corresponding growth curves However, at Ainaþi it mark-
edly differed from that predicted by the growth and yield ta-
bles; before age 30 years the growth in height in this site ex-
ceeded that of the site index I curve, showing a decline in

T a b l e 1

SAMPLE TREE CHARACTERISTICS

Sample
tree

Site Age, years DBH, cm Height, m

1 Viesîte 103 32 27.4

2 Viesîte 100 46 31.4

3 Viesîte 102 33 26.8

4 Rundâle 98 38 25.3

5 Rundâle 96 30 21.9

6 Rundâle 101 35 22.5

7 Ainaþi 119 37 24.5

8 Ainaþi 118 44 24.4

9 Ainaþi 120 46 24.75

10 Barkava 85 32 26.1

11 Barkava 83 32 26

12 Barkava 81 29 26.5

T a b l e 2

ESTIMATED PARAMETERS FOR MODELLING HEIGHT-AGE
CURVES FOR TREE GROWTH IN THE STUDY SITES

Parame-
ter

Estimate SE Parame-
ter/SE

Wald 95% Confidence
interval

Lower Upper

Viesîte

a 30.616 0.353 86.796 29.922 31.31

b –0.034 0.002 –22.018 –0.037 –0.031

c 1.657 0.074 22.441 1.512 1.803

Rundâle

a 26.426 0.881 30.01 24.693 28.159

b –0.027 0.003 –8.865 –0.033 –0.021

c 1.332 0.112 11.869 1.112 1.553

Ainaþi

a 25.34 0.061 413.88 25.22 25.461

b –0.031 0 –71.641 –0.032 –0.03

c 0.99 0.012 84.863 0.967 1.013

Barkava

a 29.757 0.419 71.032 28.932 30.582

b –0.031 0.001 –21.358 –0.034 –0.028

c 1.348 0.047 28.691 1.256 1.441

Fig. 2. Modelled height-age curves.
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subsequent years, and by the age of 90 falling below the ta-
ble-predicted growth rates for the site index II stands.

For the ash trees analysed, the current annual incremental
(CAI) for DBH culminates at a relatively early age, with the

peaks at age 20 years (Viesîte and Barkava) and 30 years
(Rundâle), followed by a decline. At Ainaþi, the CAI culmi-
nation point is even earlier — at the age of 10 (Fig. 4). A
similar tendency of early culmination and subsequent de-
cline is observed also for the CAI for tree height.

Fig. 3. Modelled height-age curves for tree growth in study sites compared to M. M. Orlov’s site index class I and II curves (Sacenieks and Matuzânis, 1964).

Fig.4. Current annual incremental (CAI) curves of sample trees for (a) DBH, (b) stem volume, (c) basal area, and (d) height.
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For stem volume, the CAI reached a maximum at age 70 to
80 years, except for Ainaþi, where continuous volume
growth continued till age 100 years. At Ainaþi, the CAI for
basal area, similar to that for volume, was stable for a few
more decades than in the other sites.

We also found high variation in juvenile growth rates for
ash. Five of the studies twelve trees reached height 1.3 m
(DBH) already in the second year of growth, while for oth-
ers this required several years; one sample tree reached the
this height at only age seven years. It is typical that the dif-
ferences in juvenile growth were found for trees growing on
the same site. At Rundâle, for example, the trees reached
height 1.3 m in the second, third and even seventh year of
growth.

Common ash is found in mixed forests throughout Latvia,
with monoculture stands concentrated mainly in specific re-
gions (Fig. 5). The highest proportion of common ash is in
the central part of Latvia. However, the concentration of
ash-dominated forests is also quite high in a number of
other regions in the south-west, north-east, and south-east of
the country. According to the physiographic zoning of Lat-
via by Ramans and Zelès (1995), the ash stands are found
mostly in uplands. In the western part of the country the
highest proportion of ash is in the Rietumkursa, Ziemeï-
kursa and Austrumkursa uplands; in the eastern part — in
the Vidzeme, Idumeja, Augðzeme and Latgale uplands. Fur-
thermore, localities with a fairly high concentration of com-
mon ash are in the Zemgale Plain in the central part of Lat-
via, and in the northern part of costal lowland.

DISCUSSION

In recent decades there have been few internationally
known studies on the growth patterns of common ash in the

Baltic Sea region. In a study by Kadunc (2004) on the
growth and yield of common ash in Slovenia, the CAI for
height most often peaked before the tree reached 10 years,
with the highest CAI for diameter falling between ages 11
and 30 years. In general, the results of the present study
confirm that height and diameter growth peaks of ash occur
at a relatively early age. However, an analysis of the tree
growth done in this study indicate considerable differences:
at Ainaþi the ash trees show a distinct growth rhythm,
where the CAI for height peaked at the age of 10 years, fol-
lowed by another peak at the age of 50. The same also oc-
curred for the peak of CAI for volume at an advanced age.

A variety of factors may affect the growth in height of
young trees. In Latvia, the young ash shoots may heavily
suffer from late spring frosts, stunting their growth in height
in the current year (Sakss, 1958). The growth of ash sap-
lings depends also on the regeneration method used for the
particular site. In the mid-20th century, it was recom-
mended that natural regeneration by ash in clear-cuts should
be facilitated by removing the advanced growth of ash and
understory to stimulate growth of new shoots rather than re-
taining advance growth. The stump shoots of ash grow very
fast and quickly overcome the critical height at which they
are most susceptible to spring frosts and wildlife damage,
thus ensuring a better regeneration regime compared to re-
taining the advance growth (Sakss, 1950; 1958).

The height-age curves derived here show in general a good
fit with the site index curves derived from the yield tables,
except for Ainaþi. The currently used site index curves for
growth estimates for ash appear to somewhat underestimate
the juvenile height growth and accordingly overestimate
that of mature trees.

At Ainaþi, a variety of factors may affect the growth pat-
terns and growth rates of ash stands: specific habitat condi-

Fig. 5. Spatial distribution of com-
mon ash stands in Latvia. Physio-
graphic regions of Latvia marked
with transverse lines: 1, Rietum-
kursa Upland; 2, Ziemeïkursa Up-
land; 3, Austrumkursa Upland;
4, Zemgale Plain; 5, Augðzeme Up-
land; 6, Latgale Upland; 7, Vidze-
me Upland, Idumeja Upland.
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tions, population effect, as well as the management prac-
tices applied. It is well known that thinning can markedly
promote stand growth, especially if carried out at young age
(Juodvalkis et al., 2005). The records about the origin and
previous management of the respective stands are not
known. It appears that there is a need for more in-depth
studies to determine if at Ainaþi the peculiar growth pat-
terns of ash are site-conditioned, or due to population or
community features.

This study also allows to estimate changes in natural occur-
rence of common ash over the territory of Latvia during the
second half of the 20th century. Compared to the ash distri-
bution map produced by Sakss (1958) (Fig. 1), the ash
stands have spread over wider territories, especially in the
middle part of eastern Latvia (Fig. 5). Marigo et al. (2000)
that an increase in common ash populations in Europe re-
sulted from rural depopulation and excluding difficult ter-
rains like steep slopes or waterlogged sites from cultivation.
In Latvia, during the past twenty years, vast areas of agri-
cultural lands were abandoned and are now partly over-
grown by forest (Liepins et al., 2008). The natural increase
of forest areas by overgrowing of abandoned lands in the re-
cent decades seems to be among the reasons for promoting
the expansion of ash.

Although common ash is found throughout Latvia, there are
regions with a distinct concentration of ash-dominated
stands. According to the studies by Sakss (1958), the con-
centration of common ash stands is the highest in Latvian
lowlands, which is still true, for example, in the Zemgale
Plain of the central part of Latvia. This area is a part of the
Lielupe basin, known for its rich clayey soils and well-
branched network of natural watercourses, which ensure a
good drainage over most of the territory, providing good
conditions for common ash establishment. However, up-
lands also had relatively high concentration of common ash.
Common ash is a site-demanding species, preferring fertile
or very fertile, sufficiently moist, yet well-draining soils
(Sakss, 1958; Kerr and Cahalan, 2004; Støeðtík and
Ðamonil, 2006; Dufour and Piégay, 2008; Weber-Blaschke
et al., 2008). In the uplands the growth of common ash may
be favoured by highly varying hilly relief, where common
ash most often occupies wet hollows and watercourse
floodplains, which are natural habitats for common ash.
However, confirmation of this requires detailed studies of
the ecological specialisation of common ash in areas close
to the northern distribution limit of this tree species.
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PARASTÂ OÐA (FRAXINUS EXCELSIOR L.) MEÞAUDÞU AUGÐANAS GAITA UN TELPISKÂ IZPLATÎBA LATVIJÂ

Parastais osis ir izplatîts visâ Latvijas teritorijâ kâ piemistrojuma suga, tomçr, piemçrotâs augtençs — barîbas elementiem bagâtâs, mitrâs,
bet labi drençtâs augsnçs — tas spçj veidot arî ekoloìiski stabilas tîraudzes. Pçdçjâs divâs dekâdçs oðu audþu bojâeja ir kïuvusi par
nozîmîgu problçmu visâ Eiropâ; oðu audþu kalðanu izraisoðais patogçns ir identificçts arî Latvijâ. Pçtîjuma mçríis ir skaidrot oðu augðanas
gaitas savdabîbas daþâdâs ðîs sugas populâcijâs Latvijâ, kâ arî veikt oðu audþu telpisko izvçrtçjumu, identificçjot reìionus, kuros ðîs sugas
meþaudzes koncentrçjuðâs. Mûsu pçtîjums atklâja, ka oða juvenilâ augðanas gaita var bût ïoti atðíirîga, un apstiprinâja, ka koku augstuma
un caurmçra augðanas kulminâcija notiek salîdzinoði agrâ vecumâ. Mûsu dati norâda uz to, ka pçdçjo piecdesmit gadu laikâ oðu audþu
izplatîba Latvijas teritorijâ ir ievçrojami palielinâjusies, visdrîzâk — bijuðo lauksaimniecîbas zemju apmeþoðanâs rezultâtâ. Ja neskaita
Zemgales lîdzenumu, ðobrîd lielâkâ oðu meþaudþu koncentrçðanâs vçrojama augstiençs — platîbâs ar daudzveidîgu reljefu.
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