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Abstract

White mistletoe (Viscum album ssp. abietis (Wiesb.) Abromeit), (Santalales, Viscaceae) is a hemiparasite species and, in Romania,
occurs only on silver fir (A4bies alba Mill.). The species affects silver fir stands located mainly at lower elevations on the Eastern border of
the silver fir natural distribution area. Along with drought and pollution, white mistletoe infection plays an important role in silver fir
decline. The present study tried to quantify the mistletoe impact on crown degradation of silver fir trees, by measuring several parameters
such as needle length and needle loss. The data were collected from a pure silver fir stand where more than 70% of trees were affected
by mistletoe. The results indicate that both mistletoe infection and branch position into the crown influence the needles length. The
reduction in needle length was more evident in the upper and middle part of the crown and smaller in the lower part of the crown, as
well as in the “compensation crown” (formed by epicormic branches). The difference becween needle lengths increases with the infection
degree. In moderately and heavily infected trees, needles are falling in high proportion compared with low infected trees, demonstrating

that mistletoe is producing crown degradation significantly reducing the photosynthetic tissue.
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Introduction

White mistletoe (Viscum album ssp. abietis) is a hemi-
parasite species that depends on water and mineral nutri-
ents provided by its host (Popp and Richter, 1998). It is
one of the four subspecies of the European mistletoe para-
sitizing species of Abies (Zuber, 2004). The endophytic
system of mistletoe consists of two parts: 1) the haustors
or sinkers that reach the host cambium to absorb water,
and 2) the cortical strands that provided lateral spread
(Sall¢, 1983).

In the last sixty years several scientists investigated sil-
ver fir infection with mistletoe across Europe: in France
(Plagnat, 1950; Plagnat and Brossier, 1969), in Switzer-
land (Hofstetter, 1988; Noetzli et al., 2003), in Greece
(Tsopelas ez al., 2004), in Spain (Oliva and Colinas, 2007)
and in Croatia (Idzojti¢ ez al., 2008).

In Romania white mistletoe occurs only on silver fir
(Abies alba Mill.) and is one of the most damaging patho-
gens that has affected silver fir stands (Barbu, 2009 b;
Nanu, 1969). The decline of silver fir has long been re-
ported in Romania and reached two peaks, in 1948 and
1966 (Brega, 1974; Giurgiu, 1969). The phenomenon
has mainly developed after 1980, especially in the Suceava
County, namely in Solca, Marginea, Malini, and Gura Hu-
morului forest districts, which are located on the north-
ern part of Romanian Eastern Carpathians (Barbu, 1991;
Bindiu, 1996). The main causes of silver fir decline are:
drought (Barbu, 1991, 1994, 1995; Geambasu, 1988),
pollution (Barbu, 1991; Bindiu, 1996) and mistletoe

(Barbu and Barbu, 2005; Barbu, 2007, 2009 a, 2010 a, b;
Nanu, 1969).

On the Eastern border of the natural distribution area,
stands older than 100 years, especially those located at el-
evations lower than 600 m, are more vulnerable to mistle-
toe since almost one fourth of the trees are infected (Bar-
bu, 2010 a). The effects of mistletoes on their hosts consist
of growth reductions, particularly height and diameter, as
well as in vitality reduction, directly correlated with the
degree of infestation. Furthermore any severe infection is
frequently associated with premature dieback of host trees
(Mathiasen ez al., 2008; Peter - Contesse, 1937; Plagnat,
1950). As growth of the infected trees was subject to sev-
eral previous studies (Barbu, 2009 a; Nanu, 1969; Noetzli
et al.,2003), it is of interest whether white mistletoe infec-
tion is responsible for crown degradation of silver fir, since
other genera of mistletoes, such as Archeutobium, seems to
be responsible for a reduction of host’s needle size (Logan
et al., 2002; Reblin ez al., 2006).

The aim of this study is to reveal the impact of mistle-
toe infection on crown morphology of silver fir, as func-
tion of infection degree.

Materials and methods

Study site, field sampling and measurements

The study was carried out in one square sample plot of
one hectare (subsequently used for other measurements)
placed in a damaged pure silver fir stand in Solca forest dis-
trict (North part of Eastern Carpathians - Suceava county,
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Romania) where over 70% of trees are affected by mistle-
toe (Barbu, 2009 b). The site (47°43 N and 25°49 E) is
situated at 520 meters a.s.]. on a north-east facing slope.
The forest is dominated by 110 years old silver fir trees.
Annual precipitation ranges between 740 and 800 mm
and the mean annual temperature is 7.1°C.

All trees within the sample plot were registered and
measured for height and diameter at breast height (DBH).
Social class - according to the Kraft classification (Kramer
and Akca, 1987) was also determined. In addition, for each
tree the degree of mistletoe infection was assessed using a
four-class rating system developed for silver fir mistletoe
(Fig. 1 and Tab. 1) (Barbu, 2009 a, b).

Further, in January 2009, 12 trees were selected (three
tree of each infection class) and felled for detailed mea-
surements. Sampled trees were selected according to the
following criteria: pre-dominant and dominant (accord-
ing to Kraft’s classification), trees from the same class
showing similar crown condition (estimated by crown
transparency assessment), similar DBH and equal heights.
All sampled trees had 10-12 meters length compensation
crown formed by epicormic branches (Barbu, 1991, Cufar
et al., 1995). It is worth to mention that 90% of the en-
tire population of trees had produced such compensation
crowns, between 10 and 14 m length.

To assess the influence of branch position on needle
size and needle loss for each infection class a randomized
branch sampling protocol was used. The normal crown
of each felled tree was divided in three equal length sec-
tions (Barbu, 1991; Feller, 1992). To these three sections,
a fourth section was added - the compensation crown.
Two branches were randomly selected within each of
these sections. From each selected branch, five shoots with
1 to 5 years old needles were randomly collected (Fig. 2
and 3). Needle length was assessed for 10 fresh needles
of each sampled shoot and needle generation. For the
measurements needles were separated and scanned with
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Fig. 1. Crown profile for trees of different mistletoe infection class:

153
Tab. 1. The four classes of infections used to quantify the
y
presence and impact of mistletoe on silver fir trees

Infection L
Description

class

Class 0 No infection (healchy trees)
Low infection, with frequent mistletoe shrubs on the
1% class
lateral branches of the upper part of the crown
Moderate infection, with very frequent mistletoe
27 class shrubs in the crown, dried out branches and
moderate swellings along the branches
34 lass Heavy infection, with mistletoe shrubs all over the crown
cla:

and stem; heavy swellings along the branches and stem

a distortion-free scanner (Flatbed Scanner Epson Expres-
sion 10000 XL). The images were imported in AutoCAD
and needles were measured with a precision of 0.1 mm.
To assess the needle loss five shoots with needles formed
in 1998-2008 period were randomly collected within each
selected branch. Normally needles are maintained in the
crown of the silver fir for 8-12 years (Barbu, 1991). Needle
loss was evaluated by counting the number of needles gen-
erations per branch.

To assess the mistletoe effect in dry years we compared
the mean annual needle length per infection class with
precipitation (represented here by rainfall). Rainfall data
(percent of multiannual rainfall average of late winter/
spring, i.c. February to April) for the nearest locality to
the sample plot (i.c. Solca), were provided by the Forest
Research and Management Planning Institute.

A total of 24,000 needles evenly distributed in the
crown of sample trees were measured. After the needles
were collected the same age needles were grouped in length
classes for each section, infection class and sample tree.

Statistical analyses
The data collected from sample trees were tested for
normality using Shapiro-Wilk test. One way ANOVA was

a) Class 0 - healthy trees; b) 1* class - low infection; c) 2" class - moderate infection, d) 3 class - heavy infection
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used to assess the differences in needle length between in-
fection classes, crown sections and year. The significance
of differences between mean values was tested using the
Tukey multiple comparisons tests (Zar, 2010). The signifi-
cance level for all investigations was chosen 5%, similar to

Section 1
(upper part of
the crown)

Section 2
(middle part of
the crown)

Section 3
(lower part of
the crown)

Section 4 .
(compensation |ug
crown)

Fig. 3. Scheme of sampling (the numbers on the branch repre-
sent the needles age; 1 year old needles represent one genera-
tion, 2 years old needles represent - another generation, etc)

the most of environmental studies (2=0.05) All statistical
analyses were carried out by SAS software version. 9.1.3.

Results

ANOVA revealed significant differences (p<0.0001)
in needles length among sections, infection classes and
needle ages (year). Significant interaction between section
and infection class (p<0.0001) was found. There were no

significant differences between section and year (p=0,92)
and infection class and year (p=0,64) (Tab. 2).

Tab. 2. ANOVA results concerning the effect of analyzed
factors on needle length

Source of variation DF F value Pr>F

Infection class 3 679.281 <0,0001

Section 3 1709.281 < 0,0001

Year 4 14.703 < 0,0001

Section x Infection class 9 50.170 <0,0001
Section x year 12 0.491 0,921
Infection class x Year 12 0.83 0.647

Mistletoe infection had a strong impact on needles size
(Fig. 4) because the needles length of each infection class
was significantly influenced by the branch position into
the crown. The longest needles were found in healthy trees
and the shortest ones in heavily infected trees.

In the upper part of the crown mistletoe infection led to
a significant decline in needle lengths from one infection
class to another; all differences between needles length are
significant (p<0.0001). In the middle and the lower part
of the crown, needles length for healthy and low infected
trees did not significantly differ (p=0.937, respectively

24
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Needle length (mm) (mean + SD)
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10 -

51 S2 53 54
Crown section

Fig. 4. Mean needle lengths according to the crown sections and
infection class

Abbreviations: CO - class 0 of infection, C1 - 1* class of infec-
tion, C2 - 2™ class of infection, C3 - 3" class of infection; S1
- section 1, S2 - section 2, S3 - section 3, S4 - section 4,

Note: The same superscript on columns denotes that the mean
values do not differ significantly, (*) significance is valid at sec-
tion level
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Fig. 5. Mean annual needle length on sections and infection classes. The lines represents the

tendency to reduce needle length with the increasing of the infection degree at each section

level

»=0.981) but greater differences were found between these

trees and moderate and heavy infected trees (p<0.0001).
In the compensation crown, in terms of needle length, the
trees are split in two groups: 1) healthy and low infected
trees and 2) moderate and heavy infected trees. Between
these groups there are significant differences (p<0.0001),
but the reduction of needle length was lower than in the
other sections.

Analyzing the needles on the whole crown, regardless
the infection class, the smallest needles were found in the
upper part and longest in the compensation crown.

The likelihood of finding shorter needles increases
with the degree of infection (Fig. 5): the largest amplitude
was found in the upper part of the crown, between healthy
and heavy infected trees, while the lowest occurred in the
compensation crown. Compared with healthy trees, for
heavily infected trees the needles length of the upper and
the middle thirds of the crown was diminished, on aver-
age, with 30-35%, while in case of the lower part of the
crown the reduction was smaller, between 10 and 12%. In
the compensation crown the reduction was 8-9% only. For
moderate infected trees the needle length was reduced by
22-25% in the upper and middle part of the crown and by
7-8 % in lower part and compensation crown. Low infect-
ed trees have been associated with the smallest reduction
in needle length (7-8% in the upper part of the crown).
For the other three sections the needle size reduction was
insignificant.

In heavily infected trees the needles were falling in high
proportions especially from the upper third of the crown.
Forty percent fewer generations of needles were found in
this section compared with healthy trees. In the other two
sections (the middle and the lower thirds) thirty percent
fewer generations of needles were found. In moderately
infected trees, in all sections of the crown twenty percent
fewer generations were found compared with healthy
trees. For the low infected trees all generations of needles
were found in the crown. In all cases, irrespective to the

infection class, all generations of needles were found in the
compensation crowns.

The rainfalls and the average needle lengths within in-
fection classes went more or less correlated, as shown in
Fig. 6; the needles were longer in rainy years and the aver-
age needle lengths of the four classes of infections are split
into two distinctive groups: healthy and low infected trees,
and moderate and heavy infected trees, respectively.

Discussion

The degrees of mistletoe infection is difficult to quan-
tify. Many studies focused on mistletoe infections have
been published (Dooling, 1978; Hawksworth, 1977), the
6-class system proposed by Hawksworth in 1977, designed
for dwarf mistletoe being the standard rating system. For
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Fig. 6. Mean annual needle length related to February-April precip-

itations, separately for each infection class. Precipitations are pre-

sented as percentage of multiannual average of the period (P %)
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quantifying the degree of infection the “4-class system”
method developed for silver fir mistletoe was used (Barbu,
2009 a, b) in this study. Compared to the 6-class rating
system which takes into consideration only the number of
infected branches in each third of the crown, this method
takes into account some other external symptoms of mis-
tletoe infection, like: swelling and dieback of the branches,
stem swelling and asymmetric crowns. Such indicators are
important as, in many cases the mistletoe shrubs fall under
the influence of snow or glazed frost (Barbu, 1991).

The natural vectors for mistletoe dispersal are birds. In
the silver fir forests of Northern Carpathians, as in many
other areas in Europe (Frochot and Salle, 1980), the main
vector is mistletoe thrush (7Turdus viscivorus L.). These birds
are depositing the mistletoe seeds up in the canopy where,
in the presence of light geminates and the plant grows up.
In dense stands the mistletoe can develop only on higher
trees (predominant and dominant) which receive enough
light (Plagnat, 1950). It starts growing very slowly after in-
fection with almost no impact on the host tree (see the 1%
class of infection), but after some years it grows exponen-
tially (Noetzli ez al., 2003) with negative consequences for
the host tree (see 2*and 3" infection classes).

White mistletoe infection of silver fir is causing the
crown degradation through a significant reduction in
needle length and premature loss of needles. This is in line
with the results of Rigling ez a/. (2010) for pine mistletoe
(Viscum album ssp. austriacum) and Reblin e al. (2006)
for dwarf mistletoe (Arcenthobium pusillum).

For the 1% class of infection, when the parasite at-
tacks only the branches, especially in the upper part of the
crown (Barbu, 2009b), significant differences were found
between needle sizes, compared with healthy trees (class
0), only in this part of the crown. Elsewhere in the crown
there were no differences in needle size, compared with
the healthy trees. For the trees of the 2™ class of infection
where the mistletoe shrubs are more frequent, and the
mistletoe sinkers have reached the insertion of branches
onto the stem, the needle size for all sections of the crown
differs significantly. When comparing the 3" class of infec-
tion with the 2" class, it was found that the mistletoe in-
fection is damaging not only the crown, but also the stem;
actually, cohorts of mistletoe sinkers were observed at
stem level in the upper and middle part of the crown after
felling the trees, causing numerous swellings in the sinkers
areas. The needles of trees from 3 class were significantly
smaller than needles of the trees belonging to other infec-
tion classes, irrespective to the crown section.

In general, in the lower part of the crown (section
three) the mistletoe occurs due to a vertical reinfection
(Barbu, 1991). From the mature shrubs stuck in the upper
part of the crown, mistletoe seeds fall and adhere, due to
the viscin layer (Frochot and Sall¢, 1980), on the branches
of the lower part where, with a sufficient amount of light,
mistletoe shrubs develop, the age of infection being lower.
This might be the reason why in this section the reduction
in needle size was not so important.

For the needles of the upper part of the crown for
pine mistletoe infection Rigling ez al. (2010) found that
needle length was reduced by 27%. In this case the per-
centage reduction in needle size of the upper third of the
crown was four times greater for the 3™ class of infection
that for 1* class (30-35% compared with 7-8%) compared
with healthy trees. In the infected trees, in relation to the
degree of infection, 20-40% fewer generations of needles
were found. This result confirms the findings of Rigling ez
al. (2010) for Viscum album ssp. austriacum where thirty
percent fewer needle generations of infected trees were re-
ported.

Compared with its host trees, the mistletoe has a
higher rate of transpiration and lower leaf water potential
(Popp and Richter, 1998). Consequently the xylem con-
ductivity distal to the infection point can be reduced, ar-
cas situated above the attack being poorly supplied with
water (Ehleringer ez al., 1985). Mistletoe “is starving and
dehydrating the host” (Plagnat, 1950). This leads to a pre-
mature loss of needles and, by the end, to the dieback of
affected branches (Mathiasen ez /., 2008). The needle size
reduction in relation to infection degree and position in
the crown might be a result of an increasing water stress
due to mistletoe infection. On the other hand, accord-
ing to Ehleringer ¢z a/. (1985), Marshall and Ehleringer
(1990), Escher ez al. (2004) xylem parasites and in particu-
lar mistletoe species are highly dependent on the supply of
organic carbon and nitrogen from their hosts, shrinking
the leaf area. Reduction in needle size could be a response
to mistletoe infection, because smaller needles would re-
quire lower amounts of nitrogen and fixed carbon (Reblin
et al., 2006).

Needle length depends on water availability in the
late winter and spring (i.c. February to April), the length
variations within a year being related to the corresponding
rainfall. In all years included in the study the percentage of
multiannual average precipitation ranges between 80 and
145%, corresponding to a normal regime of rainfall within
the studied area (Barbu and Popa, 2003).

Often, the crown of the trees that are dying form on
the trunk compensation crowns (formed by epicormic
branches). These compensation crowns have been formed
in the last 15-20 years (Barbu and Barbu, 2005). This is
the reason why, in determining the needle length, we con-
sidered the compensation crown as the fourth section.
Epicormic branches formation - known also as “agony
branches™ is often associated with the thinning of stand
followed by a sudden exposure of trees to light takes places.
(Cufar et al., 1995; Niccolini ez al., 2001). Bruner (1964)
considered that trees with epicormic branches are “sup-
pressed” trees, with reduced cambial activity; the forma-
tion of these branches does not depend on stand thinning,
but sudden changes in the environment only emphasizes
this effect. Field observations, made in infected silver fir
stands, revealed that mistletoe did not occur on branches
of the compensation crown. In this case, after felling the
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12 sampled trees no mistletoe bushes were found in the
compensation crown.

Some silvicultural works in silver fir stands affected
by mistletoe are recommended, after a careful analysis of
each stand. In pure silver fir stand, as it was the case in this
study, where the frequency of infected trees exceeds 70-
80%, all affected trees are to be harvested (Barbu, 2009 b).
In uneven aged stands, where silver fir trees are numerous
and infected here and there, the stand composition shall
be steered to alower proportion of silver fir, by promoting
mixed stands. Further research have to be done in order to
determine that the mistletoe infection make infected trees
crown susceptible to additional stress factors.

Conclusions

The results showed, in a representative stand of silver
fir, that mistletoe infection conveyed by a reduction of
needle length and a premature needle shedding had a neg-
ative impact on the crown of the host tree. The needles size
and needle loss were significantly influenced by the infec-
tion class and the branch position in the crown showing
that white mistletoe negative influence on the crown of its
host is increasing along with the infection degree.
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