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Abstract: The study aims at investigating the impact of ivy (Hedera helix L.) on the growth and on some wood
anatomical characteristics of black alder trees. Ivy-hosting and non-hosting black alder have a similar wood
anatomy in terms of qualitative properties. However, in ivy-hosting trees tangential and radial diameter of
vessels are narrower (p <0.001), and inter-vessel pits are smaller (p <0.01), whereas vessel frequency is
higher (p < 0.05) than those of non-hosting ones. The average maximum ray height is greater (p < 0.05), and
ray number mm-1 is lower (p < 0.001) than those of non-hosting individuals. In addition, the last ten years’
average radial growth has decreased 39.5% compared to that of non-hosting black alder.
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Introduction
Hedera helix L., commonly called as English ivy, is a

woody species climbing to vertical surfaces such as
suitable trees, cliffs, and walls (Chamberlain 1972;
Metcalfe 2005). It is an aggressive plant competing
with grasses, herbs and trees in its habitat (Morisawa
1999; Okerman 2000), and actually smothers most
seedlings, breaks host tree’s branches, and acceler-
ates tree death (Wyman 1969). It can impact the for-
est floor, the shrub layer and the canopy of a forest
(Simon 2004). Therefore, it is considered H. helix can
be a problem in certain areas of its native zone, partic-
ularly in disturbed habitats (Morisawa 1999; Oker-
man 2000).

Due to negative effects on light penetration, H. he-
lix can be a fatal threat for a host tree, canopy of which
is entirely occupied by it (Thomas 1980; Reichard

2000). However, on the base of Arthur Arnold’s un-
published experiment, Metcalfe (2005) reported no
effect of H. helix on the height and cubic content of
oak trees. Similarly, Tremolieres et al. (1988) pointed
out that any significant effect of it does not occur on
radial growth of host tree. Moreover, Nola (1997) re-
jected the hypothesis that H. helix has an unfavour-
able effect on radial growth of Fagus sylvatica L.

Alnus glutinosa is a well-known species in terms of
its wood anatomy (Greguss 1959; Brazier & Franklin
1961; Jacquiot et al. 1973; Schweingruber 1990;
Merev 1998; Richter & Dallwitz 2000; Schock et al.
2004). However, literature is lacking on wood anat-
omy of ivy-hosting trees. Therefore, the present study
aims at defining wood anatomical features of host
Alnus glutinosa, the entire canopy of which is invaded
by H. helix, and at comparing them with those of
non-host tree.
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Materials and Methods
The sample trees were selected on a flood plain

near to the Kocanaz River in Bartin, Turkey (Fig.
1).The floodplain has alluvial soil, which is rich in nu-
trients, and the level of underground water is high.
The experimental design was based on the compari-
son of two groups of ivy-hosting and non hosting in-
dividuals. Comparison of growth pattern was per-
formed on 10 individuals per group, whereas analysis
on wood anatomical characteristics was only based on
wood from two groups of 3 trees. In the selection, al-
most even-aged trees were considered to eliminate
length-on-age influences. To determine the last 10
years’ radial growth, 20 increment cores (5.15 mm in
diameter) were taken from all of them. For anatomi-
cal investigation, wood specimens with 12 mm in di-
ameter were obtained from the trees, the diameters of
which were from 20 to 28 cm at breast height, and
wood anatomical measurements were performed on
the growth rings of the year 2006. The breast height
diameters (D1.30) and the ages of the sample trees are
presented in Table 1.

The wood specimens boiled were softened in a so-
lution consisting of equal parts of water, glycerine
and ethyl alcohol. For light microscopy, permanent
slides of wood sections (15 µm thick) and macerated
wood materials were prepared in accordance with
general laboratory techniques (Yaltirik 1971; Merev
1998).

Twenty-five measurements were performed for the
each of the following: vessel lumen diameter, vessel
element length, and vessel number per group,
inter-vessel pit size, mean maximal ray height, fibre

length, and the lumen diameter and wall thickness of
fibre. Vessel number mm-2, and ray number mm-1

were determined by counting at 10 different points of
transverse and tangential sections, respectively. The
last 10 years’ growth-ring widths (from 1998 to
2007) were measured at a precision of 0.01 mm using
a VIAS Time-Table, and they were plotted as both the
raw and cumulative values of mean tree-ring widths
(Figs. 2 and 3, respectively). With the SPSS 10.0 pro-
gram, the mean and standard deviation of each quan-
titative feature were computed, and for equality of
means, Student’s t-test was used.

Results
Followings are the qualitative features on wood

anatomy of ivy-hosting A. glutinosa:
— Growth rings: The boundaries distinct owing to

thick-walled and radially flattened latewood fibres
at the end of growth ring.

— Vessels: Wood diffuse-porous, vessels in radial
multiples of 4 or more common, solitary vessel
outline angular, scalariform perforation plates
with 10 up to more than 20 bars, intervessel pits
opposite, vessel-ray pits with distinct borders; sim-
ilar to intervessel pits in size and shape.

— Fibres: With simple to minutely bordered pits;
thin- to thick-walled.

— Axial parenchyma: Apotracheal-diffuse, four (3–4)
to eight (5–8) cells per parenchyma strand.

— Rays: Exclusively uniseriate, all ray cells pro-
cumbent, aggregate rays present.
Any effect of H. helix does not occur on qualitative

wood anatomy of A. glutinosa in the study. However,
the radial growth and some quantitative anatomical
features are affected by H. helix at different significant
levels. In host A. glutinosa, vessel diameters (both tan-
gential and radial) are narrower, and inter-vessel pits
are smaller, whilst vessel number mm–2 is higher than
those of control trees. Mean maximal ray height is
greater, whilst ray number mm–1 is lower than those
of non-host trees. In terms of each of vessel element
length, vessel number per group, fibre length, and the
lumen diameter and wall thickness of fibres, the dif-
ferences between host and non-host trees are not sta-
tistically significant.

The average of growth ring widths formed in the
last 10 years was 1.96 mm and 3.25 mm for host- andFig. 1. The site of sample trees (41°32’13 N lat.; 32°20’34 E

long. and 20 m alt.)

Table 1. The breast height diameters and the ages of the sample trees

Host A. glutinosa Non-Host A. glutinosa

No 1* 2 3 4* 5 6 7 8 9* 10 1* 2* 3* 4 5 6 7 8 9 10

D1.30 25 24 22 27 23 20 25 22 24 26 24 28 26 22 23 24 22 21 24 21

Age 30 29 26 32 27 24 30 25 31 32 25 26 24 20 19 24 22 18 23 20

D1.30= the diameter of breast height of sample trees (cm), * The sample trees used for anatomical investigation
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non-host A. glutinosa, respectively. Due to the occur-
rence of H. helix, the average decrease in diameter is
totally 2.6 cm (39.5%) along the last 10 years.

Table 2 shows the quantitative wood anatomical
data of ivy-hosting and non-hosting A. glutinosa, and
Figures 2 and 3 present the raw and cumulative val-
ues of the last 10 years’ average growth ring widths,
respectively. Figure 4 shows wood anatomical micro-
graphs.

Discussion
There are different opinions on the response of

host tree invaded by H. helix. First, according to com-
mon concept, it has been regarded as a potential prob-
lem for host tree (Okerman 2000; Simon 2004). Sec-
ond, it is a cooperative species having a positive im-
pact on host tree (Tremolieres et al. 1988). Moreover,
Nola (1997) pointed out no radial growth reduction
in ivy-hosting Fagus sylvatica L., and the author em-
phasized the distinctive increase of its radial growth,
in some cases, in that study. However, Yaman (2009)
reported that H. helix causes radial growth reduction
on host Platanus orientalis, and he also stated that it
has an effect on the oriental plane’s quantitative wood
anatomical features. In response to the high-level in-
vasion of H. helix on the canopy of A. glutinosa, similar
results occur in the current study. As shown in Table
2, vessel diameter, vessel frequency, intervessel pit
diameter, maximal ray height, ray number mm-1, and
growth ring width in host trees are significantly dif-
ferent from those of non-host trees. The decreasing
trend in the either curves of Figure 2 is due to the
age-related variation on stem cross-section from 1998
to 2007. However, as a result of high-level invasion of
the canopy by ivy, the mean growth ring width of each
year in the period studied is narrower in host tree
group than that of control group (Fig. 2).

It appears that radial growth reduction and varia-
tions of some quantitative wood anatomical features
in host A. glutinosa are a result of the negative effects
of H. helix in the last phase of invasion. It tends to
climb to host trunk and branches, especially those of
deciduous trees such as P. orientalis and A. glutinosa in
floodplains. Thomas (1980) stated that host tree’s in-
creasingly open crown allows it to grow even more

Fig. 2. Mean raw growth ring widths from 1998 to 2007,
IHAG: ivy-hosting A. glutinosa INHAG: non-hosting A.
glutinosa

Fig. 3. Mean cumulative growth ring widths from 1998 to
2007, IHAG: ivy-hosting A. glutinosa INHAG: non-host-
ing A. glutinosa

Table 2. Quantitative anatomical data of host and non-host
A. glutinosa

Host
A. glutinosa

Non-host
A. glutinosa

T-test

M SD M SD Coeffi-
cient

TVD 47.5 8.0 54.5+ 7.8 –5.4***

RVD 58.7 14.0 74.9+ 13.6 –7.2***

VF 142.0 28.6 121.1+ 17.9 2.4*

VEL 738.0 120.4 728.0 106.1 0.3ns

VGR 1.84 1.16 1.98 1.65 –0.8ns

IVPD 5.45 0.42 5.78 0.36 –3.3**

RHmax 667.3 96.1 621.3 50.4 2.3*

RNmm 14.3 1.6 16.0 1.6 –4.0***

FL 1.27 0.14 1.26 0.1 0.4ns

FLW 16.2 2.2 16.7 3.7 –0.7ns

FWT 4.44 1.14 4.08 0.8 1.2ns

GRW 1.96 0.92 3.25 1.48 –2.3*

* = significant at the 0.05 level, ** = significant at the 0.01 level,
*** = significant at the 0.001 level, ns = non-significant, + = these
control values were also used in our TUBITAK project (TOVAG
1070886)
Abbreviations: TVD: Tangential vessel diameter (µm) – RVD: Ra-
dial vessel diameter (µm) – VF: Vessel frequency (vessel number
mm-2) – VEL: Vessel element length – VGR: Vessel grouping index
(number of vessels per group) – IVPD: Intervessel pit diameter
(µm) – RHmax: maximal height of multiseriate ray (µm) – RNmm:
Ray number mm-1 – FL: Fibre length (mm) – FLW: Fibre lumen
width (µm) – FWT: Fibre wall thickness (µm) – GRW: Growth ring
with (mm) – M: Mean – SD: Standard deviation
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Fig. 4. A and B: Growth rings and vessels (TS); – C: Scalariform perforation, vessel-ray pits, intervessel pits (RLS); – D: ray
parenchyma (RLS); – E: Uniseriate rays (TLS). Scale Bar (1 cm line): 150 µm for A, 120 µm for B, 30 µm for C, 20 µm for
D, 30 µm for E. (Notes: – 1: the micrographs A and D were also presented in our TUBITAK project (TOVAG 1070886) –
2: Only A belongs to non-host tree, others to host tree)
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due to dying back of host branches. While H. helix is
invading the canopy, the light penetration to the fo-
liage of host tree is reduced (Thomas 1980; Reichard
2000). Dense ivy cover on trunk and branches causes
problems in normal contact of lenticels with air (Si-
mon 2004). Furthermore, even though it has a fertil-
izer effect for host tree (Tremolieres et al. 1998), the
fast-growing ivy competes with host tree for water
and nutrients (Simon 2004).

In the current study, as distinct from the state-
ments of Tremolieres et al. (1988) and Nola (1997),
the radial growth of A. glutinosa appears to be affected
by H. helix. The clear result in radial growth reduction
can be due to the selection of entirely invaded host in-
dividuals as sample trees (Yaman 2009). Up to cer-
tain point of invasion, host tree cooperates with H. he-
lix due to a fertilizer effect of more rapidly decompos-
ing litter in the presence of ivy leaves (Tremolieres et
al 1988), but H. helix turns to “death-trap” by shut-
ting out light penetration to the host tree’s foliage in
the last phase of invasion.
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