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Introduction

Although one of the main goals of silviculture
is to produce healthy and good quality trees,
some diseases may seriously affect forest trees
and timber, one of them being the mistletoe,
which is reducing both height and diameter
growth.

The hemiparasitic white mistletoe Viscum
album L. infects not only deciduous trees, but
some coniferous species too, like European sil-
ver fir (Abies alba Mill.), which is affected by
Viscum album ssp. abietis (Wiesb.) Abromeit,
and Scots pine (Pinus sylvestris L.), infected
by Viscum album ssp. austriacum (Wiesb.)
Vollman (Tubeuf 1923). The sinkers of these
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Abstract .  Viscum album ssp. abietis (Wiesb.) Abrom L. is one of the three sub-
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mistletoe has notoriously negative effects on trees and forests health. The mistletoe
infections not only reduce both height and diameter growth, it can also cause partial
or total die-back of the trees. The present study on the incidence of mistletoe (Viscum
album ssp. abietis) on silver fir (Abies alba) increments was carried out in natural
stands of the Forest District Gura Humorului (one permanent plot Pãltinoasa and one
experimental plot Voroneþ), because this location (400-1000 m elevation) is charac-
teristic for pure silver fir stands that can be found on the border of Carpathians Moun-
tains at the contact zone with Suceava plateau. Four classes describing the level of
infection were distinguished: no infection, low, moderate and strong infection.
As only a few of healthy trees (class 0) were found, the comparison was made on the
trees from the 1st class of attack. In parasited silver trees development were distin-
guished 3 phases: i) phase 1 - from 1920 till 1945 when the trees that nowadays are
falling into the 2nd and 3rd class had similar growth with the ones recorded in the 1st

class; ii) phase 2 - from 1946 till 1976-1977; during this period the trees had been
reducing their growth. The growth of silver fir trees that fall into the 2nd and 3rd class-
es of parasitism represents 80% of the average growth of 1st class trees; iii) phase 3
- from 1977 till 2007 (with a couple of episodes) when trees growths from 1st, 2nd and
3rd classes of parasitism were clearly differentiated.
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parasites cause mechanical and aesthetic dam-
ages of the wood and reduce its commercial
value (Tubeuf 1923). 

Mistletoe is probably the most threatening
pathogen affecting silver fir stands from the
Eastern Carpathians border. According to
Barbu (1995) and Noetzli et al. (2003), there is
an age threshold around 70 years after which
the trees are infested and even killed by this
parasite. Other authors considered that silver
fir trees become susceptible to mistletoe attack
after 50 years (Zuber 1983) or after 120 years
(Plagnat 1950). 

For other genera of mistletoes, such as
Archeutobium, heavy losses in vitality leading
to tree dieback have been reported by several
authors (Hawksworth & Wiens 1996,
Hawksworth & Geils 1989, Scharpf 1964). In
early studies, Viscum album ssp. abietis was
considered responsible for losses in wood pro-
duction (Peter-Contesse 1937, Stopp 1961) or
even causing the mortality of the whole stands
of Abies alba (Plagnat 1950, Stopp 1961).
Some recent studies suggested that only single
trees can be killed when infestation is very
strong, as the impact of Viscum album ssp. abi-
etis on silver fir tree growth was examined in
two other studies (Nanu 1969, Uscuplic 1992).
In these studies, the annual radial increment
was used as a clue of the growth behavior of
the host trees. In addition to that, Noetzli et al.

(2003) noticed that growth reduction occurs
when this hemiparasit had grown exponential-
ly on the host. Although the consequences of
mistletoe infections were previously described
(Plagnat & Brossier 1969, Nanu 1969,
Hawksworth & Wiens 1996), their quantitative
impact on the radial growth on infection class-
es was never assessed.

This paper presents the results of a study
aiming at comparing the radial growth of silver
fir trees attacked by mistletoe, according to
degrees of parasitism. The goal of the study is
to analyze and quantify the reduction of
growth induced by mistletoe infection on sil-
ver fir stands, by comparing the growth rate of
trees according to infection levels.

Materials and methods

The study was carried out in two stands in the
forest district Gura Humorului (one permanent
plot - Pãltinoasa and one experimental plot -
Voroneþ) in spring 2008 (Fig.1). Forest district
Gura Humorului is representative for pure sil-
ver fir stands located on the border of
Carpathians, at the contact zone with the
Suceava plateau and it is located between 400
and 1000 m above the sea level (Anonymous,
2006).

The permanent square plot Pãltinoasa (2500

Figure 1 Location of the study
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m2) was installed in a pure stand of silver fir. In
this plot 27 silver fir trees were inventoried. In
Voroneþ plot the trees were inventoried and
assigned to one of four classes of infection.
Two trees per classes were selected. Plots char-
acteristics are summed up for each plot in
Table 1.

The trees were gathered into four classes of
infection in order to compare their growth rates
(Fig. 2, Table 2):
(i) class 0 - no infection (absence of the mistle-
toe) (Fig.2a),
(ii) class 1 - low infection, with high frequen-
cy of bushes on lateral branches (Fig. 2b)
(iii) class 2 - moderate infection, with very fre-
quently bushes in the crown and drying
branches (Fig. 2c)
(iv) class 3 - strong infection, with bushes
growing all over the crown and stem, asym-
metric crowns and trees with dying-back top 
(Fig. 2d).

Within all inventory plots, the diameter at
breast height (dbh) as measured using a cal-
liper and the total tree heights were measured
for all trees using a Haglöf VERTEX Hyp-
someter III. 

In both plots, the increment cores from each
inventoried tree were collected. The annual
increment was measured using a tree-ring
analysis device (LINTAB, Rinntech).

To allow growth comparisons between trees
belonging to different parasitism classes, the
average growth per class was computed to
form a chronology.  As only a few healthy trees
(class 0) had been found the comparison, we
could not use the growth of the trees of that
class to produce a reference chronology.
Therefore, the reference chronology was made
on the trees from the 1st class of parasitism. 

The management plans of Forest District
Gura Humorului between 1913 and 2006 were
consulted in order to retrieve dates of the dif-

Plot 
Stand 

composition 
(%) 

Age Slope 
Coordinates 

latitude longitude altitude 

Permanent plot Pãltinoasa 
(compartment 2A, V.U. V 

Pãltinoasa, FD Gura 
Humorului) 

100 silver fir 120 15 47033‘41” 25057‘08” 480-580 

Experimental plot Voroneþ 
(compartment 8A, VU II 

Voronet, FD Gura 
Humorului). 

70 silver fir 
20 spruce  
10 beech 

115 15 47032‘22” 25052‘40” 480-620 

Table 1 Main characteristics of the two measurement inventoried plots 

Figure 2 Example of trees from each infection classes
a) class 0 of infection; b) 1st class of infection; c) 2nd class of infection; d) 3rd class of infection

a b c d
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ferent silvicultural interventions.

Results

Trees from both plots were analised together
because the stand condition and age of trees
were similar. The 35 cored trees were
groupped into parasitism classes (Table 3).
The mean age, mean diameter and mean height
were computed for each class. It can be
observed that both mean diameter and mean
high decrease from 1st to 3rd class of parasitism
with 2.2 cm (3,7%), respectively 3.6 m (5,7
%).

Figure 3 presents the radial increments of all
silver fir trees from 1st class (fig. 3a), 2nd class
(3b) and 3rd class (3c) of parasitism. The incre-
ments dynamics of silver fir trees from each
infection class are similar, so we can calculate
chronology reference series.

Analysing the mean radial growths of silver
fir trees from different classes of infection
(Fig. 4) it can be observed an increase of ring
width between 1928-1932, when the radial
increments register an obvious tendency of
decreasing from 4-4,5 mm at the beginning of
30's to 2-2,5 mm in 1946-1948 period because
of successive periods of drought and stand
density. 

After 1946`s drought, a relative long period,
until the 60's, all the trees had reduced incre-
ments, on average of 2,5 mm. This period

probably coincides with the extinction of
mistletoe attack. A thinning of 70 m3/ha was
carried out around 1962, which it resulted in a
differentiation of growth rates between classes:
the growth rate of trees of the 1st class
increased to 3-3,5 mm/year while the trees that
fall into the 2nd and 3rd class had no improve-
ment or even a decrease of their growth rate
with average ring width being below 1,5 mm. 

After 1997, the tree increments from 1st and
2nd class marked an obvious improvement,
while the growth of the trees falling into the 3rd

class still had low values of 1,5-2 mm.
Trees from 1st class of infection (control

group) and infested trees from 2nd and 3rd class
of infection had very similar growth rates
before 1975-1977. The growth of trees howev-
er clearly differed past 1977. 

The Figure 5 revises different phases in
infected silver fir trees development.
i) Phase 1, from 1920 till 1945 when the trees
that nowadays are falling into the 2nd and 3rd

class had similar growth with the ones record-
ed in the 1st class. Practically in this period all
the trees were healthy. 
ii) Phase 2, from 1946 till 1976-1977; during
this period the trees had been reducing their
growth.  The growth of silver fir trees that fall
into the 2nd and 3rd classes of infection repre-
sents 80% of the average growth of 1st class
trees.
iii) Phase 3, from 1977 till 2007 (with a couple
of episodes) when trees growths from 1st, 2nd

Plot Age Number of 
inventoried 

trees 

Class of infection 
0 1 2 3 

Pãltinoasa 120 27 2 8 10 7 
Voroneþ 115 8 2 2 2 2 

Total  35 4 10 12 9 

Table 2 Distribution of silver fir trees among  infection classes

Class of 
parasitism Number of trees Mean  

age 
Diameter 

(cm) 
Height 

(m) 
0 4 91 - - 
1 10 88 54.4 37.1 
2 12 103 52.2 35.2 
3 9 98 50.2 33.5 

Table 3 Data colected from the studied trees
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Figure 3a Radial increment of silver fir trees from 1st class of parasitism

Figure 3b Radial increments of silver fir trees from 2nd class of parasitism

Figure 3c Radial increments of silver fir trees from 3rd class of parasitism
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and 3rd classes of parasitism were clearly dif-
ferentiated. During this stage the growth trends
were differentiated as follows. 

Between 1977 and 1983, the growth has
been lower and lower; the increment of trees
falling into the 2nd class represented 50% of the
1st class trees growth, while the same parameter
for the 3rd class was about 40% of 1st class trees

growth. 
After 1983, the growth of the trees falling

into the 2nd class recouped to 75% of the 1st

class tree growth, while the growth of the 3rd

class trees didn't act in the same manner - their
growth was kept to 40% or even 30% of the 1st

class benchmark growth and they didn't man-
age to overcome. 

Figure 4 The mean radial increments of silver fir trees from 1st, 2nd and 3rd classes of infection

Figure 5 The mean growth index of silver fir trees from 2nd and 3rd class of parasitism
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Considering an average diameter of 48 cm
when the trees started to differentiate their
growth, by the end of the 30 years observation
period (1977-2007) we came up to the follow-
ing results: the trees from 1st class had  reached
a dbh of 54 cm, the trees from 2nd class 52 cm
and the trees from 3rd class 50 cm (Table 3) so
that result significant differences on basal area
and volume increments estimated at 75 % of 1st

class increments for trees from 2nd parasitism
class and 50 % for the trees from 3rd parasitism
class.

Discussion and conclusions

Our results show substantial differentiations in
trees growth, according to infection classes.
Recently, the increments of silver fir trees from
2nd and 3rd infection classes are lower than 1st

class increments.
Having not enough trees with any parasite,

the trees less affected were used instead to
build up our reference growth chronology.
Having such not-infected benchmark trees, the
growth trends likely would have been only
magnified but not altered. The ratios would
probably have been lower which, in turn, it
means that the reduction of growth caused by
mistletoe infection can be larger than 80%, if
comparing strongly infested versus healthy
trees. 

The thinnings and drought triggered the dif-
ferentiation. In the absence of light, the mistle-
toe can be instaled only on higher trees (pre-
dominant and dominant trees), not doing to
much damage. When the trees from canopy are
put into light (after thinnings), the mistletoe
begins a more and more active life, developing
abundatly and increasing its infections
(Plagnat 1950).

After the 1946`s drought (Topor 1963) and
the 1962-1970`s thinnings episode, the incre-
ments of silver fir trees showed a decrease
trend, peculiarly after the 70's, when trees of
the 3rd class did not recover from a severe
increment losses. 

During the epidemic, the average increment
of the infested trees from 2nd and 3rd classes
decreased. This result matches older studies of
the same parasite-host combination (Nanu
1969, Vallauri 1998). The increments of 2nd

class trees represented 50% of the 1st class trees
growth, while the same parameter for the 3rd

class was about 40% of 1st class trees growth.
Noetzli (2003) showed that the growth incre-
ment of parasite trees started to decrease with
a delay of 1 to 5 years after the beginning of
the infestation.

Our study pointed out an improvement of 2nd

and 3rd class trees growth in the last years. U-
sually, the last stage of the attack, in which die-
back occurs, it is characterized by the absence
of any green exterior part of the mistletoe, but
the presence of mistletoe is indicated by the
fall of 60-75 % of the type I branches in the
middle third of the crown, abnormal swelling
of the tree and often by the die-back of the top
of the tree. Often, the trees whose crowns are
dying form on the trunk epicormic branches
(compensation crown). The length of this com-
pensation crowns is greater than the length of
the effective crown. These compensation
crowns have been formed in the last 15-20
years (Barbu 1995). Thus, someone can
explain that the trees from the final stage of
attack (3rd class) had increased radial growth in
the last few years.

It should not be neglected that the wood
increment is only one of many possible para-
meters to measure tree health and growth.
Other parameters, such as leafmass, wood den-
sity, early and laterwood-width could be meas-
ured as well to improve the estimation of
growth or health state (Noetzli et al. 2003).
The silvicultural treatment in the investigated
stand, as changes in the light regime, can cause
short term changes in increment of a forest
trees (Schweingruber 1996).

To avoid economical losses due to mistletoe
on silver fir, it was suggested to reduce the
ratio of this species in favor of Norway spruce
(Stopp 1961). Eliminating infested trees may
not to be suitable to control the disease as well,
as in thinned stands, light condition may
improve the growth of mistletoe (Noetzli
2003). The living conditions in a thinned stand
may be better for Turdus viscivorus. This bird
species plays an important role in the popula-
tion dynamics of white mistletoe (Plagnat
1950, Tubeuf 1923).
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