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Abstract: Parasitism of plants by other plants provides an exceptional opportunity for investigating correlative nutritional
relationships. Because of lacking a usual plant-root sytem capable of active uptake, the best correlation for predicting the
concentrations of elements in parasitic plants is often those in the host plants. This study, therefore, mainly focuses on
determination of i) mineral nutrient partitioning between hemi-parasitic white berry mistletoe (Viscum album L. subsp.
album) and four of its deciduous hosts growing in different habitats namely wetland and semi-arid and ii) effects of these
habitat types on nutrient absorption. During the research, leaf samples of both hemi-parasites and their host plants were
chemically analysed, mistletoes on each host plants were counted and the results were considered statistically. Concentrations
of some elements (N, P, K, Na, S, Cu, Zn) were higher in mistletoe whereas some others (Ca, Mg, Fe, Mn and B) were higher
in the hosts (p < 0.05). Habitat type was also determined to be effective in host-parasite systems. Revealing information
about nutritional interactions between multi-host hemi-parasites and their host plants is a useful tool to understand their

functions in ecosystems, population-community dynamics and their co-evolution process.
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Introduction

The earliest study about mistletoe was published in
the 17" century in Europe (Clasius 1601). Ecologi-
cal researches have changed markedly over the last 50
years, reflecting changing priorities and a gradual shift
in overall attitudes toward these parasitic plants (Mar-
vier 1996; Mathiasen et al. 2008). Building on these pre-
vious advances, current research on mistletoes is domi-
nated by themes: mistletoes influence on wildlife habi-
tat and mistletoe—ecosystem interactions. The studies
that have started to examine the ecological roles of
mistletoes indicate that they may qualify as keystone
species in many forest ecosystems (Watson 2001; De-
vkota 2005; Press & Phoenix 2005). Because parasitic
plants can alter the physical environment around them,
including soil, water and nutrients, atmospheric CO;
and temperature (Pegeau et al. 2003).

Viscum album L. subsp. album, white berry mistle-
toe (Loranthaceae), is one of the most important bi-
ological stress sources for host plants, and mostly, af-
fects secondarily, as nutrient and water stresses (Fischer
1983; Ehleringer & Schulze 1985; Novacek 1985). Sev-
eral studies have now clearly demonstrated that many
mistletoes thought to be only water parasites actually
derive some or most of their carbon requirements from
their hosts as dissolved compounds in host xylem sap
(Marshall & Ehleringer 1990; Schulze et al. 1984; Mar-
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shall et al. 1994; Richter et al. 1995; Norton et al. 1997).
However, mechanisms of water and mineral movement
from host to mistletoe still have a long way to go before
they are fully comprehended (Glatzel 1983; Mathiasen
et al. 2008).

Many ecological interactions among mistletoes,
their host plants and organisms that depend on them
for habitat have not yet been investigated in most
ecosystems of the world (Watson 2001; Press & Phoenix
2005; Umucalilar 2007). Sustainable land use and con-
servation the habitats of hemi-parasitic mistletoes are
based mostly on understanding their function in ecosys-
tems. Thus, the objective of this research is to reveal
information about (¢) nutrional relationships between
hemi-parasitic V. album subsp. album and its four de-
ciduous host plants and, (i) effects of habitat type on
the nutritional relationships.

Material and methods

Study area

The study area covers a forest domain, densely infected by
the hemi-parasitic mistletoe, at the northwest of Eskigehir
(Turkey). It is located in semi-arid Mediterranean biocli-
mate level. The Porsuk river flows the area and generates
to form wetland zone (Tiire et al. 2004). Table 1 and 2 sum-
marize the results of precipitation regime and bioclimatic
analysis based on meteorological data of Eskisehir (Anony-
mous 2007) consistent with the Emberger method (1952).
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Fig. 1. Ombrothermic diagram of Eskigehir province. (a — city name; b — altitude; ¢ — temperature and observation year number; d
— mean annual temperature; e — mean annual precipitation; f — mean monthly temperature curve; g — mean monthly precipitation
curve; h — dry period; i — rainy period; k — minumum temperature of the coldest month; 1 — annual absolute minumum temperature;

m — absolute maximum temperature; n — maximum temperature of the hottest month).

Table 1. Annual precipitation (mm) and precipitation regime types of city Eskisehir.

Station Spring Summer Fall

(Sp) (S) (F)

Eskisehir 120.7 54.2 71.8

Table 2. Bioclimatic zones of the study area according to Emberger method (1952).

Station Altitude P PE M
(m) (mm) (mm)
Eskisgehir 801 373.8 54.2 28.9

‘Winter Annual Precipitation Regime
(W)
127.1 373.8 W.Sp.F.S.
m S Q Bioclimate zone
(PE/M)
—3.7 1.8 51.9 Semi-Dry Mediterranean

P - Annual average precipitation (mm); PE — Annual summer precipitation mm/m?); M — Average temperature of the hottest month
(°C); m — Average temperature of the coldest month (°C); S — Value of dry season (PE/M); Q — Comparison of temperature-precipitation

(2000.P.(M + m + 546.4) - (M — m)

The study area is in semi-dry Mediterranean climate Type
1 and precipitation regime type of the area is W.Sp.F.S.
(Winter, Spring, Fall, Summer). In Fig. 1, ombrothermic
diagram of Eskigehir is given according to Walter method
(Walter 1960; Cireli et al. 1983). It can be seen that the dry
period in Eskigehir starts in June and ends October.

Major soil types are red brown and alluvial soils
(Anonymous 1994; Tiire & Béciik 2007). In terms of geo-
logical characteristics, the stratigraphic ranging of the for-
mations in the area and its environment experience three
different structures, namely, slope rubble (Quaternary), al-
luvion (Quaternary) and conglomerate (Neogen), (Erdir &
Tire 2003).

Plant material

Female individuals of Viscum album subsp. album and its
four deciduous hosts are the plant materials of this study.
The mistletoe, hemi-parasitic evergreen shrub, shows great
variance with respect to host, 452 different host species in
96 genera of 44 families (Barney et al. 1998), and habitat
diversity (Zuber 2004; Umucalilar 2007). It is propagated
exclusively by seed, which is carried distantly with the aid

of birds (Amico & Aizen 2000; de Buen & Ornelas 2001;
Soto-Gamboa & Bozinovic 2002).

Decidious host plant species are Crataegus monogyna
Jacq. subsp. monogyna (wild hawthom-Rosaceae), Robinia
pseudoacacia L. (black locust-Fabaceae) growing in semi-
arid habitat, Saliz alba L. (white willow-Salicaceae), Pop-
ulus alba L. (white poplar-Salicaceae) growing in wetland
habitat.

General vegetation structure
The study area is mainly consist of forest vegetation dis-
tributing into two different habitats, wetland and semi-arid.
Forests in wetland habitats are adjacent to the Porsuk river.
Since it distributes mostly along the river, it is also called as
“flood-plain forests”. It has to be underlined that a signifi-
cant part of the research area is located in semi-arid zone.
In semi-arid habitats, three layers can be distinguished
vertically: tree, shrub and herb. The tree layer is dominated
by Robinia pseudoacacia. Average age of this population
is 20. Some neddle-leaved taxa namely Pinus nigra Arn.
subsp. pallasiana (Lamb.) Holmboe and Cedrus libani L.
accompany with the R. pseudoacacia locally. Canopy cov-
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erage of the tree layer is 60%, its height reaches to 10 m.
LAI value is 3.2. Shrub layer in this habitat is dominated by
Crrataegus monogyna (average age 15) and Juniperus ozyce-
drus L. associations. Canopy coverage of this layer is 40%,
its height varies between 0.6 and 3 m. The most common
plant species of herb layer are Nigella arvensis L. var. glauca
(Boiss.) N. Terracc., Alyssum borzaeanum E. 1. Nayardy,
Helianthemum nummaularium (L.) Miller subsp. nummula-
rium, Poylgala supina Schreb., Minuartia anatolica (Boiss.)
Woron. var. anatolica, Hypericum perforatum L., Linum
hirsutum L. var. anatolicum (Boiss.) Hayek, Ononis spinosa
L. subsp. leiosperma (Boiss.) Sirj., Eryngium campestre L.
var. campestre, Xanthium spinosum L., Centaurea solsti-
tialis L. subsp. solstitialis, Centaurea virgata Lam., Xer-
anthemum annuum L., Convolvulus arvensis L., Teucrium
polium L., Sideritis montana L. subsp. montana, Aegilops
geniculata Roth, Hordeum bulbosum L., Bromus tectorum
L., Koeleria cristata Pers., Poa bulbosa L., Stipa lessingiana
Trin & Rupr, Dactylis glomerata L. subsp. glomerata, Acan-
tholimon acerosum L. var. acerosum. Canopy coverage of the
herb layer is 20% and its height is up to 30 cm.

In wetland habitats, three layers can be distinguished
vertically: tree, shrub and herb. The common tree species
include Saliz alba (average age 25), Populus alba (average
age 30). Platanus orientalis L. (average age 30) accompa-
nies with these species. Canopy coverage of the tree layer
is 70%, its height reaches to 15 m. Shrub species in this
habitat incorporate Rubus sanctus Schreb., Rosa canina L.,
Tamarixz smyrensis L. LAI value is 3.4. Canopy coverage
of this layer is 40%, its height reaches to 1.5 m. Common
herb species of this habitat are Ranunculus constantinopo-
litanus (DC.) d’Urv., Stellaria media (L.) Vill. subsp. me-
dia, Rumex acetosella L., Potentilla reptans L., Agrimonia
eupatoria L., Lythrum salicaria L., Epilobium hirsutum L.,
Dipsacus laciniatus L., Anagallis arvensis L. ssp. arvensis,
Veronica anagallis-aquatica L., Mentha longifolia (L.) Huds.
subsp. thyphoides (Briq.) Harley var. thyphoides, Plantago
magor L. subsp. major, Typha angustifolia L., Phragmites
australis (Cav.) Trin. ex Steud., Lemna minor L., Potamoge-
ton crispus L. Canopy coverage of this layer is 20% and its
height reaches to 1.5 m.

Plant analyses

Sampling of the plants were made on October 2005, the
most stable period in terms of mineral movements in plants
in Eskigehir, Turkey. Deciduous host plant species were se-
lected from the dominant plant taxa of canopy layer. 10
individuals were chosen from each host plants in the study
area. Leaf samples of these host plants and healthy mistle-
toes, at least 8 mistletoes from each individual host plant
(2 from each direction (north, south, east, west)), were col-
lected randomly. The leaf samples of the each individual
host plant and its hemi-parasitic mistletoe were taken from
the same branch for each direction. After packaging samples
seperately and taking to laboratory, they were immediately
dried at 65°C for 24 hours, ground and dried again at 65°C
for 12 hours. These dried samples were used for the analyses
(Black 1965; Giilgur 1974; Anonymous 1994). Each individ-
ual and its hemi-parasite were analysed separetely. Each nu-
trient analysis produced 3 replicates from the same sample
and the mean values of the results were used.

Plant materials were analysed according to the follow-
ing methods: The Kjeldahl method for nitrogen (N) de-
termination, the vanadamolybdophosphoric acid for phos-
phorus (P), the flame photometer method for potassium
(K) and sodium (Na), the curcumin method for boron (B),

Table 3. The Mood’s Median test results of the mistletoe number
on the hosts.

Plants N Median Chi-Square df Sig.
Populus alba 10 11.5 27.88 3 .000*
Saliz alba 10 19.5

Robinia pseudoacacia 10 7

Crataegus monogyna 10 3.5

SSp. monogyna
Total 40 9

* significant at p < 0.05

the turbidimetric barium chloride method for sulphur (S),
the atomic adsorption method for calcium (Ca), magnesium
(Mg), ferro (Fe), zinc (Zn), copper (Cu), manganese (Mn)
and molybdenum (Mo) (Black 1965; Giilgur 1974; Anony-
mous 1994).

Mistletoe density on host plants

Mistletoes were counted from randomly selected 30 individ-
uals belonging to each host plant species to determine the
density of hemi-parasites. Median values of hemi-parasite
density on each host are given in Fig. 3 and Table 3.

Data Analysis

Data obtained from laboratory analyses were considered sta-
tistically by using SPSS 11.5 Statistic Program. Two Way
ANOVA test was performed to determine whether there
were any relationships between the hemi-parasitic mistletoe
and its four different deciduous hosts in term of nutrient
constituents. Statistical analyses were applied for each nu-
trient independently. Gabriel test was applied to determine
which species were statistically correlated with its host and
whether there was any relationship between host plants and
their hemi-parasites. In addition, the Mood’s Median test
was applied to determine whether there were any differences
among the host plants in terms of mistletoe number which
emerge.

Results

Differences in all nutrient concentrations except Mo be-
tween the mistletoes and their hosts are statistically
significant (p < 0.05). However, concentrations of some
elements (N, P, K, Na, S, Cu, Zn) are higher in mistle-
toe than its hosts whereas the others (Ca, Mg, Fe, Mn
and B) are higher in the hosts (Fig. 2, Table 4).

In host plants; concentrations of Na, Ca, Zn and
Mo in P. alba; P, K, S, Mg, Cu, Mn and B in S. albg;
N in R. pseudoacacia and Fe in C. monogyna subsp.
monogyna are the highest. Concentrations of P, K, Na,
Zn and Mo in the mistletoes on P. alba; S, Ca, Mg, Mn
and B in the mistletoes on S. alba; N in the mistletoes
on R. pseudoacacia; Fe and Cu in the mistletoes on C.
monogyna subsp. monogyna are the highest (Fig. 2).

Mean nutrients concentrations of the hosts-their
parasites and homogen host plant groups according to
nutrient concentrations are given in Fig. 2 and Table 5,
respectively. These host plants are clustered in 3 ho-
mogenous groups for N and Mn concentrations, and 2
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Fig. 2. Mean concentration values for 13 nutrients in all host plants and the mistletoes.
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Fig. 3. Median values for densities of the mistletoes on each host.

homogenous groups for P, K, Na, Zn, Mg, S, Fe, Ca, B
and Cu.

Differences in mistletoe number on the selected
host plants in different habitats are statistically impor-
tant (p < 0.05). Median values of hemi-parasites differ
from general median values, and P. alba -S. alba and C.
monogyna subsp. monogyna -R. pseudoacacia form two

homogenous groups. Because the median values of P.
alba and S. alba is higher than the general median value,
it is noted that the hemi-parasitic mistletoe number
on these host plants is higher on C. monogyna subsp.
monogyna and R. pseudoacacia which have less median
values than the general median value (Table 3, Fig. 3).

The results show that nutrient concentrations in
the host plants are not correlated with the habitat
types. However, nutrient absorption by mistletoes runs
in accordance with nutrient concentrations in the host
plants. It seems that nutrient concentration in the host
plants is related to the species of them and mistletoes
in wetland habitats adsorb nutrients more than those
in semi-arid habitats (Fig. 2, Table 4).

Discussion

Parasitism of plants by other plants provides an excep-
tional opportunity for investigating correlative nutri-
tional relationships (Yoder 2001). Mistletoes are peren-
nial flowering parasitic plants attached to branches of
trees and shrubs and affect host viability by withdraw-
ing essential resources (Devkota 2005). Because mistle-
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Table 4. Results of Two-Way ANOVA tests related to difference between the host and the mistletoe for each nutrient.

Source Sum of Squares df

1 17.116 3

N 2 16.657 1
Error 12.287 25

Total 46.061 29

1 0.648 3

P 2 1.494 1
Error 2.153 25

Total 4.295 29

1 16.090 3

K 2 25.73 1
Error 7.130 25

Total 48.493 29

1 1.173E-02 3

N 2 2.424F-03 1
a Error 9.764E-03 25
Total 2.392E-02 29

1 5.075 3

5 2 0.644 1
Error 1.256 25

Total 6.975 29

1 3.673 3

c 2 5.344 1
a Error 2.803 25
Total 11.820 29

1 0.705 3

2 0.399 1

Mg Error 0.401 25
Total 1.505 29

1 217317.999 3

- 2 02845.391 1
€ Error 152375.889 25
Total 462539.279 29

1 988.490 3

c 2 1695.008 1
u Error 1572.533 25
Total 4256.032 29

1 30371.825 3

. 2 7089.145 1
n Error 9134.380 25
Total 46595.350 29

1 74481.772 3

M 2 4240.378 1
° Error 223307.414 25
Total 302029.565 29

1 42950.402 3

M 2 5005.224 1
n Error 16641.772 25
Total 64597.398 29

1 50681.469 3

B 2 857.780 1
Error 10537.958 25

Total 62077.207 29

*

1 — Host plant, 2 — Parasite, * — significant at p < 0.05

toes lack a usual plant root sysytem capable of active
uptake they rely completely upon a host connection
through the haustorium for water, nitrogen and mineral

Mean Square

5.705
16.657
0.491

0.216
1.494
8.613E-02

5.363
25.273
0.285

3.912E-03
2.424E-03
3.906E-04

1.692
0.644
5.024E-02

1.224
5.344
0.112

0.235
0.399
1.605E-02

72439.333
92845.391
6095.036

329.497
1695.008
62.901

10123.942
7089.145
365.375

24827.257
4240.378
8932.297

14316.801
5005.224
665.671

16893.823
857.780
421.518

F

11.608
33.892

2.506
17.346

18.805
88.610

10.015
6.207

33.676
12.816

10.921
47.664

14.640
24.863

11.885
15.233

5.238
26.947

27.708
19.402

2.779
0.475

21.507
7.519

40.079
2.035

Sig.

0.000*
0.000*

0.082
0.000*

0.000*
0.000*

0.000*
0.020*

0.000*
0.001*

0.000*
0.000*

0.000*
0.000*

0.000*
0.001*

0.006*
0.000*

0.000*
0.000*

0.062
0.497

0.000*
0.011*

0.000*
0.166
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nutrients (Watson 2001; Garkoti et al. 2002; Glatzel &
Geils 2009). Therefore, the best correlation for predict-
ing the concentrations of elements in the mistletoe is
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Table 5. Results of Multiple Comparisons Gabriel Test related to
homogenous groups among all plants for each nutrient.

Subset

N 1 2 3

Populus alba 2.1630

Crataegus monogyna 2.3645 2.3645

subsp. monogyna

Saliz alba 3.3457 3.3457

Robinia pseudoacacia 4.0465
P 1 2

Populus alba 0.1717

Crataegus monogyna 0.2067 0.2067

subsp. monogyna

Robinia pseudoacacia 0.2167 0.2167

Saliz alba 0.3825
K 1 2

Populus alba 0.2425

Crataegus monogyna 1.7983

subsp. monogyna

Robinia pseudoacacia 1.9933

Saliz alba 2.2717
Na 1 2

Robinia pseudoacacia  2.700E-02

Crataegus monogyna 2.700E-02

subsp. monogyna

Saliz alba 2.717E-02

Populus alba 7.6502
S 1 2

Crataegus monogyna 0.5700

subsp. monogyna

Robinia pseudoacacia 0.6567

Populus alba 0.7375

Saliz alba 1.5683
Ca 1 2

Crataegus monogyna 1.1733

subsp. monogyna

Robinia pseudoacacia 1.3033

Saliz alba 1.8817

Populus alba 1.9925
Mg 1 2

Crataegus monogyna 0.5567

subsp. monogyna

Robinia pseudoacacia 0.7233

Populus alba 0.7350

Saliz alba 0.9733
Fe 1 2

Robinia pseudoacacia 195.1667

Saliz alba 270.3333

Populus alba 288.0000

Crataegus monogyna 423.6592

subsp. monogyna
Cu 1 2

Robinia pseudoacacia 8.8333

Saliz alba 19.1667 19.1667

Populus alba 19.7500 19.7500

Crataegus monogyna 24.0000

subsp. monogyna

often (but not always) the concentrations of elements
in the host (Glatzel & Geils 2009).
Hemi-parasitic mistletoes characteristically occur

C. TURE et al.

Table 5. (continued)

Subset
Zn 1 2
Crataegus monogyna 24.6666
subsp. monogyna
Robinia pseudoacacia  26.0000
Saliz alba 47.6666
Populus alba 108.7500
Mn 1 2 3
Robinia pseudoacacia  28.3333
Populus alba 39.7500  39.7500
Crataegus monogyna 77.1666
subsp. monogyna
Saliz alba 123.8333
B 1 2
Crataegus monogyna 50.8333
subsp. monogyna
Robinia pseudoacacia  70.4167
Saliz alba 141.6666
Populus alba 141.8750

* p is significant at the 0.05 level, 1 — Crataegus monogyna,
2 — Robinia pseudoacacia 3 — Saliz alba, 4 — Populus alba

in low-nutrient habitats (Davis & Graves 2000). How-
ever, they are commonly characterized by a higher
nutrient contents than their hosts (Mehrotra 1978;
Ehleringer & Schulze 1985; Malicki & Berbeciowa 1986;
Kutbay et al. 1996) notably in terms of N, P and K
concentrations (Fig. 2). The hydrostatic pressure in the
cells of the two parts of haustorial connection (between
host and parasite) is in favor of the parasite. Besides,
mistletoes have lower water potential and higher tran-
spiration rate than their hosts (Schulze et al. 1984,
Gauslaa & Odasz 1990; Garkoti et al. 2002). There-
fore, in general, for mistletoes, nutrient flow through the
transpiration stream is predominantly one-way, from
host to parasite and not to opposite direction (Zuber
2004; Hosseini et al. 2008; Glatzel & Geils 2009). Fur-
thermore, mistletoes do not share the nutrients with
their hosts to avoid mineral deficiency and cope with
excess and imbalance (Glatzel & Geils 2009). These
are the possible reasons why many mobile nutrients
are higher concentrations in mistletoes than their host
plants (Fig. 2).

Parasitism is suggested as a strategy for enhanc-
ing N acquisition (Lamont 1983; Kutbay et al., 1996;
Pageau et al. 2003; Doi et al., 2008), a macronutrient
most limiting mistletoe growth (Schulze et al. 1984).
High N supply increases the severity of infection by
parasites (Marschner 1995). However, according to Hos-
seini et al. (2008), the host plant cannot absorb and
compensate N supply quickly. Therefore, N amount in
host plant is generally lower than its mistletoe. This sit-
uation has frequently been documented (Puustinen &
Mutikainen 2001; Barberaki & Kintzios 2002; Bowie &
Ward 2004; Lamien et al. 2006) although a few studies
have also found N concentrations in leaves of mistle-
toes to be lower than those of their hosts (Ehleringer &
Schulze 1985; Bannister 1989). In this study, all mistle-
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toes have also higher N content than their hosts (Fig. 2)
but R. pseudoacacia and the mistletoe on this species
have the highest N concentrations among them. This is
probably because of the fact that legume plants gener-
ally receive N in large amounts by the help of nitrogen-
fixing root symbionts (Bowie & Ward 2004).

The mistletoes on each host plants have higher P
concentrations than their hosts and the host plant S.
alba and the mistletoe on P. alba have the highest P
concentrations (Fig. 2). Similar results were also de-
clared by some other researchers (Glatzel 1983; Davies
& Graves 2000; Hosseini et al., 2008; Glatzel & Geils
2009). The reason of high P concentration in mistle-
toe leaves is possibly due to the absence of a phloem
connection between host and hemi-parasite, high tran-
spiration rates and the lack of a retranslocation system
(Smith & Stewart 1990; Glatzel & Geils 2009). Davies
and Graves (2000) reported that increasing P amount
in host tissues had a positive effect on the host, with
the negative impact of parasitism being greatly reduced
at the higher P level.

K content of mistletoe tissue in this (Fig. 2) and
many other studies (Glatzel 1983; Hosseini et al. 2007,
2008) is disproportionately higher than the content of
other major nutrients (Glatzel & Geils 2009). In the
host plant, K is cycled between leaves and sites of
photosynthate utilization in the wake of photosynthate
transport in the phloem. However, it cannot cycle be-
yond the host-parasite interface in the hemi-parasite
and K imported with the xylem sap. Thus, it is trapped
in the hemi-parasite phytomass (Glatzel 1983; Smith &
Stewart 1990). In the present study, the host plant S.
alba and the mistletoe on P. alba have the highest K
concentrations (Fig. 2).

Not only N, P and K, but also some other nutri-
ent concentrations like Na, Zn, S and Cu are higher in
mistletoe tissues than their host plants (Fig. 2) as con-
firmed by some other studies (Devkota 2005; Hosseini et
al. 2008; Glatzel & Geils 2009). Higher concentrations
of some elements in leaves of host plants such as Ca and
B (Fig. 2) are not surprising because of their immobile
or limited mobile characteristics (Brown & Shelp 1997;
Malone et al. 2002).

Except the nutritional partitioning characteristics,
mistletoe numbers on host plants reveals important
data to evaluate their distributional characteristics. Be-
cause their distribution in natural plant communities
is not uniform, being affected by many local environ-
mental factors (Devkota 2005). The hypothesis of this
study was that habitat type could one of the most im-
portant limiting factors of mistletoe distribution. P.
alba — S. alba and C. monogyna subsp. monogyna —
R. pseudoacacia form two different groups according
to mistletoe number of each host plants. These groups
match the plant couple in different habitats, wetland
(P. alba, S. alba) and semi-arid habitats (C. monogyna
subsp. monogyna, R. pseudoacacia). Moreover, higher
amounts of many elements are available in both mistle-
toes and their host plants growing in wetland areas
(Fig. 2). These results confirm the hypothesis.

The extent to which the host is affected depends
not only how much of the resource is diverted by para-
site, but also on the overall supply available to the host
(Devkota 2005). Therefore, improvement of mistletoes
vary considerably depending on their ability to obtain
water and minerals from their hosts (Mathiasen et al.
2008). It is clear that nutrient absorption by mistletoes
and mistletoe numbers on each host plant are closely
related to habitat types (Figs 2, 3). Recently, para-
sites have been shown to modify the feeding patterns
of their hosts. Hosts may attempt to compensate for
the increased nutritional demands caused by parasites
by increasing their foraging effort (Miura et al. 2006;
Hosseini et al. 2007). In high water balanced habitats,
it is easier to take nutrient by host plants because of
availability of enough water. Therefore, we can eas-
ily hypothesize that nutrition potential of a mistletoe
from its hosts is mostly affected from any habitat type.
Some paleoecological studies show that mistletoe pollen
grains are present in relatively large amount in flood-
plain areas during geological ages (especially Holocene),
(Kroll 1998; Brayshay & Dinnin 1999). The fact that
coevolution of host and its parasite appears from wet-
land habitats shows further adaptation of mistletoes
to the wetland species. The literatures which focus on
physiological productivities like photsynthesis, respi-
ration, transpiration, water deficit, osmotic potential
and phytomass in hemi-parasitic plants in high water
balanced habitats could reach up to 5 times greater
than the ones in arid and semi-arid areas (Hellmuth
1971; Rodl & Ward 2002). Besides, as a consequence
of capturing enough water and nutrients, it is reported
that hosts growing in high water-balanced habitats are
less affected by damage of mistletoes (Hellmuth 1971;
Tsopelas 2004; Gathumbi et al. 2005; Yiiksel et al. 2005;
Dobbertin & Rigling 2006). This information also over-
laps our assesment in this study. Indeed, habitats with
high water balance could advance the ecological success
of mistletoes, and the same adaptation can also be the
ease for resistance to parasite. It can be reasonable to
argue this study hopefully will contribute to understand
nutritional relationships of parasitic plant life and their
roles in ecosystems.

References

Amico G.C. & Aizen M.A. 2000. Mistletoe seed dispersal by a
marsupial. Nature 408: 929-930.

Anonymous, 1994. Soil Laboratory Tecniques, Turkish Forest
Ministry. Eskigehir Forest Soil Ecology Research Laboratory,
Eskigehir, Turkey.

Anonymous, 2007. Eskigehir Meteorology Station, Eskisehir,
Turkey.

Bannister P. 1989. Nitrogen concentration and mimicry in some
New Zealand mistletoes. Oecologia 79: 128-132.

Barney C.W., Hawksworth F.G. & Geils B.W. 1998. Hosts of
Viscum album. Eur. J. For. Path. 28: 187-208.

Black C.A. 1965. Methods of soil analyses. American Society of
Agronomy, Inc. Publisher, Madison, Wisconsin, USA.

Bowie M. & Ward D. 2004. Water and nutrient status of the
mistletoe Plicosepalus acaciae parasitic on isolated Negev
desert populations of Acacia raddiana differing in level of
mortality. J. Arid. Environ. 56: 487-508.



866

Brayshay B.A. & Dinnin M. 1999. Integrated palaeoecological
evidence for biodiversity at the floodplain-forest magrin. J.
Biogeography 26: 115-131.

Brown P.H. & Shelp B.J. 1997. Boron mobility in plants. Plant
Soil 193: 85-101.

Cireli B., Se¢cmen O. & Oztiirk M. 1983. Bitki ekolojisi uygulama-
lar1 (Applications of plant ecology), Ege Univ. Fen Fak. Ki-

taplar Serisi No: 51, Bornova-izmir.

Classius C. 1601. Caroli clusi at rebatis. rariorum plantarum his-
toria, Antwerp, Belgium.

Davies D.M. & Graves J.D. 2000. The impact of phosphorus on
interactions of the hemi-parasitic angiosperm Rhinanthus mi-
nor and its host Lolium perenne. Oecologia 124: 100-106.

de Buen L. & Ornelas J. 2001. Seed dispersal of the mistletoe
Psittacanthus schiedeanus by birds in central Veracruz, Mex-
ico. Biotropica 33: 487-494.

Devkota M.P. 2005. Biology of mistletoes and their status in
Nepal Himalaya. Himalayan J. Sci. 3: 85-88.

Dobbertin M. & Rigling A. 2006. Pine mistletoe ( Viscum album
ssp. austriacum) contributes to Scots pine (Pinus sylvestris)
mortality in the Rhone valley of Switzerland. Forest Pathol.
36: 309-322.

Doi H., Yurlova N.I., Vodyanltskaya S.N., Klkuchi E., Shikano
S., Yadrenkina E.N. & Zuykova E.I. 2008. Parasite-induced
changes in nitrogen isotope signatures of host tissues. J. Par-
asitol. 94: 292-295.

Ehleringer J.R. & Schulze E.D. 1985. Mineral concentrations in
an autoparasitic Phoradendron californicum growing on a
parasitic P. californicum and its hosts, Cercidium floridum.
Am. J. Bot. 72: 568-571.

Emberger L. 1952. Sur le quotient pluviother migse. C.R. Acad.
Sci. 234: 2508-2510.

Erdir M. & Tire C. 2003. Plant diversity and general ecological
characteristics of a protected area of Musatzii dam and its
environment (Eskisehir, Turkey). Anadolu University, J. Sci.
Technol. 4: 301-322.

Fischer J.T. 1983. Water relations of mistletoes and their hosts.
In: Calder M. & Bernhardt P., (eds), The biology of mistle-
toes, Academic Pres, San Diego, CA.

Garkoti S.C., Akoijam S.B. & Singh S.P. 2002. Ecology of water
relations between mistletoe (Tazillus vestitus) and its host
oak (Quercus floribunda). Tropic. Ecol. 48: 243-249.

Gathumbi S.M., Bohlen P.J. & Graetz D.A. 2005. Nutrient en-
richment of wetland vegetation and sediments in subtropical
pastures. Soil Sci. Soc. Am. J. 69: 539-548.

Gauslaa Y. & Odasz A.M. 1990. Water relations, temperatures,
and mineral nutrients in Pedicularis dasyantha (Scrophular-
iaceae) from Svalbard, Norway. Holarctic Ecology 13: 112—
121.

Glatzel G. 1983. Mineral nutrition and water relations of hemi-
parasitic mistletoes: a question of partitioning. Experiments
with Loranthus europaeus on Quercus petraea and Quercus
robur. Oecologia 56(2—3): 193-201.

Glatzel G. & Geils B.W. 2009. Mistletoe ecophysiology: host-
parasite interactions. Botany 87: 10-15.

Giilgur F. 1974. Topragin Fiziksel ve Kimyasal Analiz Metodlar:
(Physical and Chemical Analysis Methods of Soil), Istanbul
Universitesi Orman Fak. Yay., 1.U, Yay. No: 1970, O.F. Yay.
No: 201, Istanbul.

Hellmuth E.O. 1971. Eco-physiological studies on plants in arid
and semi-arid regions in Western Australia, IV. Comparison
of the field physiology of the host, Acacia grasbyi and its
hemiparasite, Amyema nestor under optimal and stress con-
ditions. J. Ecol. 59: 351-363.

Hosseini S.M., Kartoolinejad D., Mirnia S.K., Tabinzadeh Z., Ak-
barinia M. & Shayanmahr F. 2008a. The effects of Viscum
album L. on foliar weight and nutrients content of host trees
in Caspian forests (Iran). Polish J. Ecol. 55: 579-583.

Hosseini S.M., Kartoolinejad D., Mirnia S.K., Tabinzadeh Z., Ak-
barinia M. & Shayanmahr F. 2008b. The European mistletoe
effects on leaves and nutritional elements of two host species
in Hyrcanian forests. Silvia Lusitana 16: 229-237.

Kroll H. 1998. Literature on archaeological remains of cultivated
plants (1996/1997). Veget Hist Archaeobot. 7: 23-56.

C. TURE et al.

Kutbay H.G., Karaer F. & Kiling M. 1996. The relationships of
some nutrients between Cuscuta epipthymum (L.) L. var. ep-
ithymum and Heliotropium europaeum L. Tr. J. Bot. 20: 515—
518.

Ladley J.J. & Kelly D. 1995. Explosive New Zealand mistletoes.
Nature 378: 766.

Lamien N., Boussim J.I., Nygarad R., Ouédraogo J.S., Odén P.C.
& Guinko S. 2006. Mistletoe impact on Shea tree (Vitellaria
paradoza C.F. Gaertn.) flowering and fruiting behaviour in
savanna area from Burkina Faso. Environ. Exp. Bot. 55: 142—
148.

Lamont B. 1983. Mineral nutrition of mistletoes, pp. 185-204. In:
Calder M. & Bernhardt P. (eds), The Biology of Mistletoes,
Academic Press, New York.

Malicki L. & Berbeciowa C. 1986. Content of basic macroelements
in common parasitical weeds. Acta Agrobot. 39: 123-128.
Malone M., White P. & Morales M.A. 2002. Mobilization of cal-
cium in glasshouse tomato plants by localized scorching. J.

Exp. Bot. 53: 83-88.

Marshall J.D. & Ehleringer J.R. 1990. Are xylem-tapping mistle-
toes partially heterotrophic? Oecologia 84: 244—248.

Marshall J.D., Ehleringer J.R., Schulze E.D. & Farquhar G. 1994.
Carbon isotope composition, gas exchange, and heterotrophy
in Australian mistletoes. Funct. Ecol. 8: 237— 241.

Marvier M.A. 1996. Parasitic plant-host interactions: Plant per-
formance and indirect effects on parasite-feeding herbivores.
Ecology. 77: 1398-1409.

Mathiasen R.L., Nickrent D.L., Shaw D.C. & Watson D.M. 2008.
Mistletoes — Ecology, systematics, ecology and management.
Plant Disease 92: 987-1006.

Mehrotra R.S. 1978. Plant pathology. Mc-Graw-Mill, New Delhi.

Miura O., Kuris A.M., Torchin M.E., Hechinger R.F. & Chiba S.
2006. Parasites alter host phenotype and may create a new
ecological niche for snail hosts. Proceed. Royal Society B 273:
1323-1328.

Norton D.A., Ladley J.J. & Owen H.J. 1997. Distribution and
population structure of the loranthaceous mistletoes Alepis
flavida, Perazilla colensoi and Perazilla tetrapetala within
two New Zealand Northofagus forests. NZ J. Bot. 35: 323—
336.

Novacek F. 1985. Mineral deficiency in forest woody plants caused
by giant mistletoes (Loranthus europaeus Jacq.) and Euro-
pean mistletoe (Viscum album Boiss. & Reut.) Lesnictvi,
Cesk. Akad. Zemed. Ustav. Vedeckotech. Inf. Zemed. 31:
145-154.

Pegeau K., Simier P., Bizec B., Robins R. & Fer A. 2003. Charac-
terization of nitrogen relationships between Sorghum bicolor
and the root-hemiparasitic angiosperm Striga hermonthica
/Del.) Benth. using K1°NOj as isotopic tracer. J. Exp. Bot.
54: 383, 789-799.

Pres M.C. & Phoenix G.K. 2005. Impacts of parasitic plants on
natural communities. New Phytol. 166: 737-751.

Puustinen S. & Mutikainen P. 2001. Host-parasite-herbivore in-
teractions: implications of host cyanogenesis. Ecology 82:
2059-2071.

Richter A., Popp M., Mensen R., Stewart G.R. & von Willerat
D.J. 1995. Heterotrophic carbon gain of the parasitic an-
giosperm Tapinanthes oleifolius. Aust. J. Plant Physiol. 22:
537-544.

Rodl T. & Ward D. 2002. Host recognition in a desert mistletoe:
early stages of development are influenced by substrate and
host origin. Functional Ecology 16: 128-134.

Schulze E.D., Turner N.C. & Glatzel G. 1984. Carbon, water
and nutrient relations of two mistletoes and their hosts: A
hypothesis. Plant, Cell & Environ. 7: 293-299.

Smith S. & Stewart G.R. 1990. Effect of potassium levels on the
stomatal behaviour of the hemiparasite Striga hermonthica.
Plant Physiol. 94: 1472-1476.

Soto-Gamboa M. & Bozinovic F. 2002. Fruit-disperser interaction
in a mistletoe-bird system: A comparison of two mechanisms
of fruit processing on seed germination. Plant Ecol. 159: 171—
174.

Tsopelas P., Angelopoulos A., Economou A. & Soulioti N. 2004.
Mistletoe (Viscum album) in the fir forest of Mount Parnis,
Greece. Forest Ecol. Manag. 202: 59-65.



Nutritional relationships between mistletoe and some of its hosts 867

Tire C., Bing6l N.A. & Middleton B. 2004. Characterization of
the habitat of Lythrum salicaria L. in floodplain forests in
western Turkey—Effects on the stem height and seed produc-
tion. Wetlands. 24: 711-716.

Tire C. & Béciik H. 2007. An investigation on the diversity, dis-
tribution and conservation of Poaceae species growing nat-
urally in Eskigehir province (Central Anatolia-Turkey), Pak.
J. Bot. 39: 1055-1070.

Umucalilar H.D., Giilsen N., Coskun B., Hayirli A. & Dural H.
2007. Nutrient composition of mistletoe ( Viscum album) and
its nutritive value for ruminant animals. Agroforest Syst. 71:
77-87.

Walter H. & Lieth 1960. Kilemediagramm-Weltatlas, Fischer,
Jena.

Watson D.M. 2001. Mistletoe — A keystone resource in forest and
woodlands worldwide. Annu. Rev. Ecol. System 32: 219-250.

Yoder J. 2001. Host-plant recognition by parasitic Scrophulari-
aceae. Current Opinion in Plant Biology 4: 359-365.

Yiiksel B., Akbulut S. & Keten A. 2005. The damage, biology
and control of pine mistletoes ( Viscum album ssp. austriacum
(Wiesb.) Vollman), Siileyman Demirel University. J. of Forest
Faculty A2: 111-124.

Zuber D. 2004. Biological flora of Central Europe: Viscum album
L. Flora 199: 181-203.

Received January 20, 2009
Accepted November 21, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [5952.756 8418.897]
>> setpagedevice


