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Summary. The impact of the xylem-tapping mistletoe Phor-
adendron juniperinum on the nitrogen and water relations
of its host Juniperus osteosperma was investigated under
natural field conditions. Leaf conductance. leaf water po-
tential, and leal” Kjeldahl nitrogen contents were followed
through the growing season on mistletoes, infected junipers
(separating infected from uninfected stems) and uninfected
junipers. Infected trees experienced lower leaf water poten-
tials than uninfected trees and also had lower leaf conduc-
tances and lower leal nitrogen contents, Infected juniper
stems had higher conductances than uninfected stems. Mis-
tletoes had higher leaf nitrogen contents than their hosts
and much of this nitrogen appeared as arginine, a potential
nitrogen storage compound. Photosynthetic rates (per unit
leaf area) were significantly higher in junipers than in the
mistletoe, and higher in the uninfected than infected juni-
pers. Water use efficiencies as estimated by carbon isotope
ratios were significantly lower in mistletoes than in their
hosts. Increased mistletoe infestation appeared to increase
absolute water use efficiency of both host and mistletoe.

Mistletoes are obligate parasites of higher plants (Kuijt
1969 Calder and Bernhardt 1983). Most mistletoes tap only
the xylem of their hosts and obtain access to only water
and mineral nutrients within the xylem fluids (Leonard and
Hull 1965; Raven 1983).

Early measurements indicated that mistletoes transpira-
tion rates were higher than those of the host (Kamerling
1910, Hértel 1937). Associated with this was the observi-
tion that a number of mineral elements accumulated in mis-
tletoes leaf tissues to much higher concentrations than ob-
served within host tissues (Wolff 1880: Glatzel 1983: La-
mont 1983 Schulze and Ehleringer 1984). This results from
the lack of any translocation of minerals from the parasite
back to its host (Leonard and Hull 1965) in contrast to
the retranslocation possible within the host. The extent of
this mineral accumulation becomes especially apparent in
autoparasitic systems where mistletoes parasitize other mis-
tletoes (Ehleringer and Schulze 1985),

It has been suggested by Schulze. Turner and Glatzel
(1984) that the higher transpiration rates are & means (o
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acquire nitrogen. the macronutrient most limiting nistle-
toes growth. Additional supporting evidence has been pro-
vided by Schulze and Ehleringer (1984) and Ehleringer et ul.
(1985). although none of these studies included growth
analyses in conjunction with complete plant water and ni-
trogen balances.

The purpose of this study was to explore interactions
at the leal level between water relations and nitrogen of
the xylem-tapping mistletoe Phoradendron juniperinum and
one of its principal hosts Juniperus osteosperma. Specifi-
cally. this study addresses the questions of 1) how do water
relations and nitrogen contents of host and parasite differ
through a growing season. 2) how does water use efficiency
differ between host and parasite and does the infestation
rate affect these interactions. and 3) how does host perfor-
mance in terms of water and nitrogen differ between in-
fected and unifected host trees?

Materials and methods

Pharadendron juniperinum Engelm. is a xylem-tapping mis-
tetoe commonly parasitic on Juniperus osteospernia (Torr.)
Little. The host-mistletoe system was studied in Skull Val-
ley. Utah (lat. 40°21'N, long: 112°36'W. 1,740 m eleva-
tion), where mistletoes are heavily infecting junipers on
dry, sandy soil. The vegetation of this area is characterized
as intermountain pinyon-juniper scrub, Juniper is the pre-
dominant tree in this area and the mistletoes infections oc-
cur most commonly on the deeper sandy soils and are rare
to few on nonsandy soils,

The junipers sampled were mature trees ranging in
height from 4-6 m. The mistletoes can be readily aged
(Schulze and Ehleringer 1984) and those plants sampled
fell into two distinct categories: young (2-3 vears old and
in a prereproductive stage) and mature (6-10 years old and
reproductive). The juniper trees included individuals with-
out any mistletoes (control trees) and individuals with mis-
tletoes (infected trees). Within the infected trees. subdivi-
sions were made 1o separate uninfected stems from infected
stems. The uninfected stems were stems without any mistle-
toes on the stem all the way back to the principal stem
connection. Infected stems had mistletoes on the main sec-
ondary branch: the juniper tissues sampled on infected
stems were all distal to the point of mistletoes attachment
to the host branch.

Diurnal courses of water relations parameters were mea-
sured at several times through the growing season, Leaf
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conductance to water vapor was measured with a null bal-
ance porometer and leaf water potentials with a Scho-
lander-type pressure chamber (model 1,000, PMS Instru-
ments, Corvallis, OR). Leaf temperatures were measured
with 36 gauge copper-constantan thermocouples and rela-
tive humidity with a Vaisala sensor; both were coupled
to a datalogger (CR21, Campbell Scientific, Logan, UT),
which averaged 1 min readings over a 15-min period. Sam-
ple size for all measurements was ten readings from five
different trees.

Photosynthetic measurements were made using an open
gas exchange system described previously by Ehleringer
(1983). The gas exchange measurements were collected on
stems that had been collected in the field the previous even-
ing. Near sunset the entire brach (2-3 m long) was first
cut near the junction with the main trunk: a second distal
cut was then made under water and this branch with its
base in water was transported back to the laboratory for
gas exchange measurements the following morning. The
sample size for each treatment was 3-4 sets of leaves (re-
duced to scales) on different plants. These measurements
were collected during late May and early June.

Carbon isotope ratios were determined on current year
leaf tissues using a rationing mass spectrometer (Tieszen
et al. 1979). All carbon isotope values are expressed relative
to the PDB standard.

Leaf Kjeldahl nitrogen contents were measured on cur-
rent year leaf tissues using an autoanalyzer. Amino acid
composition of current year leaf tissues was measured using
a Durrum amino acid analyzer by the Department of Bio-
chemistry at the University of California, Davis CA. Sam-
ples for both carbon isotope ratio and amino acid analyses
were collected at midday in late spring.

Results

Throughout the course of the day in the spring, leal conduc-
tances to water vapor were consistently higher in the mistle-
toes leaves than in either the infected or uninfected leaf
tissues on mistletoes-infected junipers (Fig. 1). Leaf conduc-
tances of both mistletoe and juniper leaves were very close
to zero before dawn and gradually increased with morning
irradiances attaining maximum values on May 24 of 0.074,
0.066, and 0.055molm~2s ' for the mistletoe, infected
Jjuniper and uninfected juniper leafl tissues, respectively.
Leaf conductances of both mistletoe and host decreased
gradually through the day as the Aw gradient increased.
In both juniper and mistletoe leaf tissues the midday de-
creases in leaf conductance were highly correlated with in-
creased 4 w. There was no afternoon recovery of leal con-
ductance in either the mistletoe or juniper leaf tissues.

Within the different juniper leaf tissues, the uninfected
control trees had higher leal conductances than the infected
trees and maintained these higher leaf conductances
throughout the day (Fig. 1). There was an unexpected dif-
ference in leal conductance between juniper leaf tissues
from infected and uninfected stems. Juniper leaves on in-
fected stems maintained consistently higher leaf conduc-
tances than did those leaves on uninfected stems. In all
cases the leaf temperatures of both sets of juniper tissues
were similar so that the leaf conductance differences were
also indicative of proportional differences in transpiration
rate.

Leaf water potentials of mistletoe lissues reached a mini-
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Fig. 1. Diurnal courses of leal’ conductance to water vapor and
leaf water potential on May 24, 1983, During the day skies were
clear and air temperatures ranged 12-29° C; leal temperatures of
mistletoe and juniper were similar and ranged 11-27°C, The A
gradient ranged from 12-41 mbar bar~ ' over the course of the
day. Plotted are average observations each hour lor Phoradendron
Juniperinum (mistletoe), leaf tissues from infected stems and unin-
fected stems of the host Juniperus osteosperma (Juniper) and from
an adjacent uninfected control juniper tree

mum value of —2.9 MPa on May 24 and were much more
negative than juniper tissues from either infected stems
(minimum value of —1.9 MPa) or uninfected stems (mini-
mum value of —1.8 MPa). There were no consistent differ-
ences in juniper leaf water potentials between the uninfected
stems and the infected stems on the mistletoe-infected trees;
throughout much of the day the water potential was lower
on the infected stems, but at other times during the day
there was no difference in the two values. On this sample
date, there was a small but constant difference in leal water
potentials of approximately 0.3 MPa between the mistletoe-
infected and the uninfected, control juniper trees,

Near the end of the summer growing season, leal con-
ductances to water vapor in the mistletoes continued to
greatly exceed those of the host leaf tissues (Fig. 2). Mistle-
toe leaf conductances peaked at approximately
0.183 mol m~2 s~ ! at midmorning and declined as the 4w
gradient increased. A similar diurnal pattern was seen in
both the infected, uninfected and control juniper leaf tis-
sues, but maximum values were lower than mistletoe leaf
conductances at 0.102, 0.096 and 0.120 molm ™ *s" !, re-
spectively. Juniper leaf conductances also decreased after
midmorning most likely in response to an increased 4w.
From the limited field data available, it did not appear
that the stomatal sensitivity to humidity (&g 7 1) of mis-
tletoe and juniper (from either infected or uninlected trees)
differed from each other,

Just as in the spring diurnal observations. the mistletoes
maintained lower water potentials than their hosts through-
out the day in late summer (Fig. 2). Mistletoe leal water
potentials decreased rapidly in the morning on September 1
to a minimum of — 3.4 MPa, which was maintained more
or less throughout the remainder of the day. In contrast.
leaf water potenuals of infected and uninfected stems of
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Fig. 2. Diurnal courses of leaf conductance to water vapor and
leafl water potential on September 1, 1983. During the day skies
were clear and air temperatures ranged 19-33° C: leaf temperatures
of mistletoe and juniper were similar and ranged 18 32°C, The
Aw gradient ranged from 23-51 mbar bar™' over the course of
the day. Plotted are average observations each hour for Phoraden-
dron juniperinum (mistletoe), leal tissues from infected stems and
uninfected stems of the host Juniperus osteosperma (juniper) and
from adjacent uninfected control juniper trees

the infected juniper tree were approximately 1.1 MPa higher
at —2.3 MPa. Leaf water potentials of the infected juniper
tree on September 1 were clearly lower than leal water po-
tentials on the uninfected, control juniper tree, suggesting
that the presence of mistletoes was imposing a significant
water stress on juniper.

The impact of mistletoes on leaf water potentials in juni-
per over the course of the entire growing season is seen
in Fig. 3, where mistletoe infected trees consistently have
leaf water potentials 0.3-0.5 MPa lower than adjacent, un-
infected trees. :

It is possible that the higher leaf conductances and tran-
spiration rates in mistletoes are associated with overall high-
er rates of gas exchange activity. To examine this possibility,
photosynthetic activity was measured on infected/nonin-
fected juniper leaves and mistletoe leaves in the spring. Spe-
cifically, we were interested in determining gas exchange
characteristics under ambient conditions and the stomatal
limitations to gas exchange under these conditions.

When measured under near optimal ambient conditions,
photosynthetic rates of junipers exceeded those of the mis-
tletoe by a factor of 2-3 (Table 1). Maximum photosyn-
thetic rates (A,,) of mistletoe leaves averaged only
343 umolm~%s™!, whereas those of uninfected juniper
leaves were 9,03 umol m~ % s~ ! under the same conditions.
Surprisingly, A4,., of the infected juniper leaves was de-
pressed by 17%. averaging only 7.50 pmol m 2§ !, De-
spite the lower photosynthetic rate by mistletoe leaves, mis-
tletoe leaf conductances were still higher than those on the
infected juniper leaf tissues, resulting in a much higher inter-
cellular CO, concentration (¢;) in the mistletoe than in the
juniper leaves. Leaf conductances in the infected juniper
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Fig. 3. Seasonal changes in the predawn and midday leal water
potentials for leaf tissues of Phoradendron juniperinum (mistletoe),
of Juniperus osteosperma infected with mistletoes (infected juniper)
and adjacent uninfected juniper trees (control)

Table 1. Gas exchange characteristics of mistletoe (Phoradenidron
Juniperinum) and juniper (Juniperus osieosperma) leaves measured
under an incident photon flux (400-700 nm) of 1.6 mmol m™ s '
a leaf temperature of 20° C. an ambient CO, concentration of
335ul17', and a Aw of 11 mbar bar™'. 4,,, is the maximum pho-
tosynthetic rate under these conditions. g is the leal conductance
to water vapor at 4., and ¢; is the intercellular CO, concentration
at A,... Data are x4 1 SE of 34 leaves on different plants

A

mas & O Gy
(umol (mol (Wi
m s mTis)
uninfected juniper  9.03 0.143 230 0.687
(control) +0.88 +0.013 +3 +0.012
infected juniper 7.50 0.106 213 0.647
+1.18§ +0.016 +3 +0(.003
mistletoe 343 0.130 284 0.855
+0.30 +0.012 +10 40013

tissues were reduced sufficiently that ¢; was lower than
in the uninfected control juniper leaves. Consequently, the
¢ile, ratios were greatest in the mistletoe (0.855), lowest
in the infected juniper leaves (0.647) and intermediate in
the uninfected juniper leaves (0.687).

A, and c; values, though, do not provide information
on the stomatal limitations to photosynthesis, In order 1o
evaluate the limitations on photosynthetic rate imposed by
diffusion through the stomates (/;), the photosynthetic de-
pendence on ¢; was determined for both juniper and mistle-
toe leaves. Nel photosynthetic rate in mistletoe leaves was
lower than observed for juniper leaves at all ¢; values
(Fig. 4). The photosynthetic dependence on ¢; was similar
between infected and uninfected. control juniper leaves, al-
though photosynthetic rates at higher ¢; values were gener-
ally lower in infected juniper leaves. Figure 4 also shows
the differences in operational ¢; vitlues under ambient condi-
tions (indicated by arrows). /; was calculated using a ¢;
of 350 ul 1=" as an upper limit and the observed ¢;. From
these calculations, /; was 16% for the mistletoes. 35% for
the infected juniper Jeaves and 26% for the uninfected. con-
trol juniper leaves. Thus, mistletoe leaves not only had the
lower photosynthetic rate, but that rate was also limited
less by diffusional factors than it was for juniper leaves.
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Fig. 4. The dependence of net photosynthesis on intercellular CO.
concentration for leaves of Phoradendron Juniperinum (mistletog),
of Juniperus osteosperma infected with mistletoes (infected juniper)
and for uninfected stems on infected juniper trees (umnfected juni-
per)

The previous data sets strongly suggested that mistletoes
had lower water use efficiencies (molar ratio of carbon diox-
ide fixed by photosynthesis to water loss by transpiration)
than did any of the juniper leaves. Water use efficiency
is related to ¢ as

AlE=(c,—c))/1.6 Aw

where A is the net photosynthetic rate, £ is transpiration
rate, ¢, and ¢; the ambient and intercellular CO, concentra-
tions, and 4w the leaf to air water vapor concentration
gradient, Since leaf temperatures of the mistletoes and juni-
pers were similar and both parasite and host were growing
in the same microenvironment, it is fair to assume that
water use efficiency was dependent primarily on the value

of ¢;. Further evaluation of the water use efficiencies of

mistletoes and junipers were evaluated by measuring the
carbon isotope ratio. which is known to be negatively re-
lated to ¢; (Farquhar et al. 1982a4; Farquhar et al. 1982b:
Farquhar and Richards 1984).

Carbon isotope ratios were measured on both young
and mature mistletoes growing on junipers and on the in-
fected stem, uninfected stem and control tree juniper leaves
in the late spring. These data show that the carbon isotope
ratios of mistletoes were more negative than those of their
host, implying that water use efficiency was indeed lower
than in their juniper host (Table 2). The data were collected
in a paired fashion and there is an indication that the differ-
ence in water use efficiency between mistletoe and host was
slightly greater on younger than on mature mistletoes.
There appear to be some small changes in the carbon
isotope ratio of the junipers with juniper tissues infected
by young mistletoes showing a decrease in water use effi-
ciency and juniper tissues infected by mature mistletoes
showing an increase in water use efficiency when both were
compared to the performance of juniper leaves on an adja-
cent branch that was not infected. These data are limited
by small sample sizes and a clearer indication of potential
differences between young/mature mistletoes and infected/
uninfected juniper must await more exlensive sampling
beyond the scope of this study.

Kjeldahl nitrogen values were measured on the same

Table 2. Carbon isotope ratios (relative to the PDR standard) and
Kjeldahl nitrogen contents (on a dry weight basis) for Phoradeon-
dron funiperinum (mistletoe) and Juniperus osteosperma (juniper)
leaves sampled during early May, 1983, Data arc v+ 1 SE. Values
within a column followed by different letters are significant)y differ-
ent from each other at the £<0.01 level

Tissue éC N
U (mge ')
young mistletoe — 26,83 0.19° 14.2=0.9"
mature mistletoe —2642+0.24¢ T8k 20
Juniper leaves on stems mfected — 23 80+0(),39" T.740.6"
by voung mistletoe
Juniper leaves on stems infected  —23.25+0,14" A
by mature mistletoe
Jjuniper leaves on stems uninfected —23.4040.31" 8.5=0.a0

by mistletoe
Juniper leaves on trees uninfected —23.32+0.31%  —
by mistletoe (control)

Table 3. Carbon isotope ratios (relative to the PDB standard) of
mistlctoe (Phoradendron juniperinum) and juniper (Juniperus as-
teosperma) leal tissues for mature host trees in Skull Valley, Utah
that were lightly or heavily infected with mistletoes. Young mistle-
toes were 2-3 years old (preflowering) and mature mistletoes were
6-10 vears old. Data are average values in parts per mil with the
sample size in parentheses

Mistletoe infestation

light heavy
young mistletoe —27.20 (2) —26.45 (1)
mature mistletoe — 2633 (4) — 26,60 (2)
uninfected juniper branch —=23.65 (4) —22757(2)
infected juniper branch = 2410 (2) — 2303 (2}

leaf tissues used for carbon isotope analyses. Leaf nitrogen
contents were much higher in the young mistietoes than
they were in the mature individuals and, overall, nitrogen
contents were higher in the mistletoes than in the junipers,

The extent of mistletoe infestation on a tree appeared
to have an effect on the carbon isotope composition. pre-
sumably reflecting changes in water use efficiency of the
host and parasite (Table 3). On junipers that were heavily
infested, there seemed to be an improvement in water use
efficiency by young mistletoe and infected, uninfected juni-
per leaves. Carbon isotope ratios of mature mistletoes ap-
peared not to change with the extent of infestation. Al-
though sample sizes were again small, the differences in
carbon isolope ratios between host and parasite with inles-
tation suggest that host water use efficiency is more affected
than is that of the parasite.

The Schulze et al. (1984) explanation lor mistletoe para-
sitism suggested that the primary function of parasitism
wis 1o acquire nitrogen. the macronutrient most limiting
mistletoe growth. The mistletoes do appear to affect the
distribution of nitrogen within the host (Fig. 5). Leaf nitro-
gen contents of infected juniper trees were lower than unin-
fected trees throughout the season. At the same time. mistle-
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Fig. 5. Seasonal changes in the leaf’ Kjeldahl nitrogen content for
leal’ tissues of Phoradendron juniperinum (mistletoe). ol Juniperies
osteasperma infected with mistletoes (infected juniper) and adjacent
uninfected juniper trees (control)

Table 4. Amino acid composition of leaves of Juniperus osico-
sperma and Phoradendron juniperinum. The composition data are
presented as a percentage of the total

Amino Juniperus Phoradendron Ratio of
acid osteasperma Juniperinun parasite 'host
ASP 8.5 92 1.08
THR 4.6 4.8 1.04
SER 4.6 i) 1.20
GLU 10.5 8.4 (.80
PRO 54 7.7 1.4

GLY 9.7 9.5 0.98
ALA 10.8 8.8 (.81
VAL 7.0 5.9 0.84
MET 1.5 0.7 0.47

ILE 52 4.4 087
LEU 8.6 7.3 0.85
TYR 2.9 4.0 1.38
PHE 4.2 33 0.79
ABU 1.1 1.5 1.36
LYS 57 7.0 123
HIS 2.0 29 1.45
ARG 3.9 9.2 2.36

toe leaves maintained 20-30% higher nitrogen contents
than did their hosts (and higher even than in the control
junipers) throughout the season.

Typically, there is a tight positive correlation between
leaf photosynthetic rate and Kjeldahl nitrogen content
(Field and Mooney 1985). Thus, it is unusual that mistletoes
should have higher leafl nitrogen contents but lower photo-
synthetic capacities than junipers (Fig. 4, Fig. 5). It is possi-
ble that much of the leaf amino nitrogen in mistletoes is
not used in daily metabolism (such as photosynthesis and
respiration), but is instead stored as simpler polypeptides
for later use in seed production, which is known to be ex-
tremely high in this mistletoe species (Schulze and Ehler-
inger 1984). Amino acid analyses of leaf tissues of both
Jjuniper and mistletoe supported this notion (Table 4). Mis-
tletoe leaves had much higher concentrations of arginine,
which contains four N per amino acid. and is known to
frequently serve as a nitrogen storage compound. In addi-
tion. from other studies it is known that proline often serves

as an osmoticum and the relatively higher concentrations
of proline in mistletoe may have been important for achiey-
ing the lower water potentials observed,

Discussion

The leaf conductance observations on Phoradendron juni-
perinum and  Juniperus osteosperma  demonstrate  that
through the growing season the mistletoe maintains a higli-
er transpiration rate than does its host. This host-parasite
transpiration difference has been reported earlier by other
investigators (Kamerling 1910; Hirtel 1937; Vareschi and
Pannier 1953: Hellmuth 1971: Glatzel 1983; Schulze et al.
1984 Schulze and Ehleringer 1984; Ullmann et al. 1985
However. this study extends earlier observations by show-
ing that mistletoe infected host trees have a significantly
lower rate of water loss than uninfected trees, Moreover.
because of the higher rates of water loss associated with
mistletoe parasitism, infected trees experience significantiy
lower leal water potentials than do uninfected trees. Thus.
it appears that several aspects of juniper water relations
(leafl conductance, leal water potential and water use effi-
ciency) are worsened by the presence of these parasites
Increased infestation appears to aggravate this situation.
but since whole plant water balances were nol measured
we cannot estimate the magnitude of this effect on host
productivity.,

Although there are several references to mistletoes being
unregulated in their use of host xylem water (Hirtel 1937,
Vareschi and Pannier 1953). the results of this study suggest
that mistletoes exercise some control over rates of water
loss. Leal conductances were near zero at night and also
decreased during the day in response to an increased A,
Stomatal sensitivity to 4w by mistletoe leaves has also been
reported by Hollinger (1983) and Ullmann et al. (1985).
If one explanation for mistletoe parasitism is to acquire
nitrogen (discussed further below). then it is unclear why
there should be any pronounced regulation of leal conduc-
tance and transpiration rate as was observed unless there
are threshold leaf water potentials that adversely affect mis-
tletoe metabolism. Alternatively, the water wasting asso-
ciated with a decreased water use efficiency may lead 1o
reduced host longevity in these arid habitats and thus affect
the total lifetime reproductive effort of the mistletoe.

The drain of the mistletoe parasitism on host perfor-
mance is seen not only in decreased water potentials. but
also in leaf Kjeldahl nitrogen contents. If photosynthesis
is proportional to nitrogen content as expected (Field and
Mooney 1985), then the decreased leal nitrogen contents
in infected trees would translate into lower rates of photo-
synthesis and carbon gain by the host. In turn. this should
result in reduced growth and reproductive activity in the
infected junipers, perhaps especially so in the infected stems,
There appears to be an indication that initially juniper tis-
sues distal to the point of mistletoe infection have increased
leal conductances and decreased water use efficiencies relu-
tive to uninfected juniper tissues. However, in older infec-
tions the performance of the infected host tissues seems
to have deteriorated and these host tissues are usually dead
after 5-8 years of infection, This infected host tissue behav-
ior when mistletoes are still young, which somewhat mimics
the mistletoe behavior, might be a method whereby infected
tissues can obtain sufficient mineral nutrition to reproduce.
If phloem translocation to infected areas is reduced and or
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the nitrogen content of host xylem fluid distal to the para-
site is reduced, there may be few other options for acquiring
sufficient amounts of the minerals necessary for reproduc-
tion available to the infected host tissues.

Schulze et al. (1984) have proposed that the higher tran-
spiration rates by mistletoes are necessary to acquire nitro-
gen, the macronutrient most limiting mistletoe growth. Stu-
dies by Schulze and Ehleringer (1984) on Phoradendron juni-
perinum growing on Juniperus osteosperma support this no-
tion and have shown that all macronutrients except nitro-

gen are accumulated in large excess by the mistletoe leaf

tissues. The high nitrogen requirement of P. juniperinum
appears associated with an extremely high reproductive out-
put and the production of seeds with relatively high nitro-
gen contents. In accordance with this. it is not surprising
to find that there are such high concentrations of arginine,
a nitrogen storage compound, in mistletoe leaves.
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