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Translocation Relationships
in and between Mistletoes and Their Hosts'

INTRODUCTION
in the United States are
represented by two genera: the lightgreen or dwarf mistletoes i Arceuthobium spp.) that grow on some coniferous species; and the green mistletoes
(Phoradendron spp.) that grow on both
coniferous and dicotyledonous woody
plants. Both are destructive, parasitic
flowering plants. That they are of serious economic importance was shown in
a review by Gill and Hawksworth
(1961). Offord (1960) had previously
noted that dwarf mistletoes are among:
the most important forest parasites of
western North America.
To date, progress on chemical control
of mistletoes is limited, as are studies
on translocation of substances between
them and their hosts. In the 'York reported here, translocation patterns between mistletoes and their hosts were
studied by means of several labeled
materials, including C140 2 (for producing labeled assimilates), several C14_
labeled herbicides, and p32 and S35 (as
phosphate and sulfate, respectively).
We hoped to learn whether characteristic patterns of transport existed between dwarf and green mistletoes and
MISTLETOES

their respective hosts, and whether such
patterns might differ from the normal.
Transport patterns in noninfected host
plants were also studied to determine
whether mistletoes influenced normal
translocation. Surveys were made of the
effect of method and point of application of labeled material on transport.
Certain aspects of these studies have
been presented (Hull and Leonard,
1964a,b), including qualitative and
quantitative data on the carbohydrates
translocated from labeled assimilates.
The present paper supplements those
data, reports results obtained from all
the autoradiographic studies (about
300) , and indicates aspects of translocation not evident in quantitative analyse.s of whole plant parts. It is hoped that
translocation data will prove helpful in
developing chemical controls for dwarf
and green mistletoes. Such data should
also be useful in other areas of research,
including the use of systemic plant pro..
tectants, nutrients, or herbicides.
Except for a few greenhouse tests,
all studies were made in the field, under
natural conditions, and results should
be applicable under those conditions.

REVIEW OF LITERATURE
Only work relating to translocation
and control will be discussed. The
review by Gill and Hawksworth in 1961
contained what was known to that
1

time on the translocation relationship
between mistletoes and hosts, and will
not be repeated here except where it is
considered relevant.
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Translocation
Hull and Leonard (1964a,b) observed
that host foliage supplied carbohydrates
to the dwarf but not to the green mistletoes. There was no indication that mistletoe infections blocked the flow of
assimilates transported by phloem; however, the dwarf mistletoe did act
. as. a
physiological block at times by diverting
much of the available food from the host
to the parasite. Hull and Leonard further observed that carbon fixed by the
dwarf and green mistletoes did not
enter the hosts. This result contrasts
with the finding of Rediske and Shea
(1961) that assimilates from Arceuthobium americanum on lodgepole pine
(Pinus murraya,na) did actually enter
the host from the parasite. It is suggested, however, that their finding resulted from leakage of a small amount
of labeled CO 2 which was transformed
into assimilates by the pine leaves.
Wagener (1925) observed that a green
mistletoe (Phoradendron juniperinum
var. libocedri) on incense cedar (Libocedrus decurrens) had remained alive
for more than 100 years, even though it
was visibly without shoots. 'I'his observation suggests that small quantities of
food materials might be obtainable from
the host. Further studies are necessary
to determine whether this in fact occurs
in sufficient quantities to sustain life.
On the basis of field observations,
Weir (1916) suggested that dwarf mistletoes can supply assimilates to defoliated hosts, but the findings of Hull and
Leonard (1964b) indicate that this is
unlikely. Several authors have expressed
similar ideas with respect to the green
mistletoes supplying food to defoliated
host branches (Gill and Hawksworth,
1961). Definite data on this question
are supplied in the present paper.
Greenham and Brown (1957), working in Australia, applied Fe5 9Cl 3 to seven holes in a 7.2-inch Eucalyptus dives
trunk infected in two areas by Amyema
pendula. The eucalyptus leaves bec~me
variably labeled within a few days, SInce

certain branches received much more
label than did others. During this
period, the mistletoe remained free of
the label. After one year, the host leaves
became more uniformly labeled, and
both mistletoes had about 50 per cent
as much label as did the host foliage.
Thus, considerable redistribution of the
label occurred with time.
Greenham and Leonard (1964) observed considerable similarity between
the amino acids in mistletoes and those
in the hosts. However, certain free
amino acids present in the mistletoes
were not present in the host tissues. This
information suggested that amino acids
might pass from hosts into mistletoes
but that the reverse was not indicated.
Some possibility of control was suggested by applying analogs of the amino
acids not common to both host and parasite. Possibilities of this kind are suggested by the remarkable specificity of
forms of some mistletoes for their hosts.
For example, Arceuthobium campylop.odum on Abies concolor (white fir)
does not attack A. magnifica (red fir),
and the same species of dwarf mistletoe
on red fir does not attack white fir (Parmeter and Scharpf, 1963).

Chemical Control
Hartigan (1949) was able to effect
partial control of Amyema on eucalyptus by spraying the mistletoes with 2,4dichlorophenoxyacetic acid (2,4-D). Unfortunately, the sprays frequently
resulted in an unacceptable amount of
damage to the eucalyptus, which is evergreen, and 2,4-D has therefore never
been used on a large scale. Graser (1954)
made similar observations on Phoradendron control on walnut (J uglans) , using
2 4-D amine. Control of the majority of
i~fections by means of dormant applications was possible, without injury to
the walnut, when the host was free of
leaves. The method is tedious because
the 2,4-D must be applied only to the
mistletoes. Spraying has not resulted
in control of dwarf mistletoes except
when the infections themselves were
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TABLE

1

MISTLETOES AND HOST TREES STUDIED IN CALIFORNIA,
TEST SITES, AND ELEVATION
Mistletoe

Host trees

Arceuthobium (dwarf):
americanum . . . . . . . . . . . . . . . . . . . . . . . . lodgepole pine iPinu« murrayana)
campylopodum . . . . . . . . . . . . . . . . . . . . . Jeffrey pine (P. ieffreyi)
ponderosa pine (P. ponderosa)
sugar pine (P. lambertiana)
single leaf pinyon (P. monophylla)
digger pine (P. sabiniana)
white fir (Abies concolor)
red fir (A. magnifica)
Phoradendron (green):
bolleanum var. deneum . . . . . . . . . . . . .
bolleanum var. paucijlorum . . . . . . . . .
jlaveacens var. macrophyllum ... . . . . .
fiaoescen« var. villosum . . . . . . . . . . . . .

Macnab cypress (CupressU8 macnabiana)
white fir (Abies concolor)
California black walnut (J uglans hind8ii)
blue oak (Quercua douglaaii)
California white oak (Q.lobata)
interior liveoak (Q. wislizenii)
California black oak (Q. kelloggii)
[uni perinum var. libocedri . . . . . . . . . . incense cedar (Libocedrua decurren8)
iuniperinum var. ligatum . . . . . . . . . . western juniper (Juniperus occidentalis)

treated (Quick, 1964) . The most promising herbicide appears to be the isooctyl
ester of 4 (2,4,5-trichlorophenoxy) butyric acid (2,4,5-T'B), but this will be
applicable only for very high-value trees
because complete coverage of each infection is required-a time-consuming and
difficult operation, especially on large
trees.
Trunk injection with 2,4-D and 4(2methyl-4-chlorophenoxy) butyric acid
(MCPB) is being used in Australia to
control mistletoe on eucalyptus infected
with Amyema pendula (Greenham and
Brown, 1957; Brown, 1959; Greenham,
1964). This is the most widely used
chemical method of mistletoe control at
present, and even its use is limited
because of the labor involved in making
the applications. Kadambi (1954) found

Test site

Elevation
meters

Hermit Valley
Cow Creek
Strawberry
Strawberry
Walker
Knoxville
Mount Diablo
Strawberry
Pinecrest

2,150
1,890
1,675
1,770
1,650
400
760
1,770
2,225

Knoxville
Strawberry
Davis
Knoxville

760
1,700
16
450

Hopland
Hopland
Strawberry
Eagle Meadow

760
760
1,700
2,200

that copper sulfate injected into hosts
controlled Loranihus pulverulentus.
Apparently the selective control of
mistletoes is not insurmountable provided economical and sufficiently selective materials can be found. This is suggested by the work of Moss (1960) in
treating white pine blister rust (Cronartium ribicola) on western white pine
(Pinus monticola) with cycloheximide
(Acti-dione). The antibiotic was applied in fuel oil to the trunks of the
trees, from which it was gradually absorbed and translocated to the cankers.
Aircraft spraying of another antibiotic
(phytoactin) is being tested in largescale field operations (Viche, Moss, and
Hartmann, 1962; Anonymous, 1962).
Perhaps someday we shall see similar
use of sprays for controlling mistletoes.

MATERIALS AND METHODS
Nearly all of the studies were conducted on 15- to 50-year-old trees growing naturally in forests of the Sierra
Nevada and Coast Range. A list of the
hosts and mistletoes studied and the
location and elevation of the test sites
are given in table 1. The greatest empha-

sis in the present study was on the
dwarf mistletoes (Arceuthobium spp.),
but sufficient work was done on the
green mistletoes (Phoradendron spp.)
to establish the translocation patterns
within those plants and between them
and their hosts.

118

Leonard and Hull: Translocation between Mistletoes and Hosts

Fig. 1. Apparatus used to expose terminal foliage of mistletoe-infected branches to C140 2 :
cg, carbon dioxide generator; cp, circulatory pump; dm, dwarf mistletoe shoots; pb, polyethlylene bag.

In one study, the movement of labeled
assimilates in and bet\veen both mistletoes and their hosts was determined.
The labeled assimilates were produced
in sunlight from C1 4 0 2 (50 p'c per treatment) following procedures described
by Hull and Leonard (1964a,b) and
illustrated in figures 1 and 2. The polyethylene bags containing the C1 4 0 2 were
kept on the branches about four hours.
Heat damage was avoided by applying
treatment in the forenoon and by partial
shading of the branches when considered necessary.
Other studies were conducted with
35
p32 and 8
(as the sodium or ammo-

nium salts of phosphate and sulfate) adjusted to a pH of 6 to 7. About 100 p.C
of radioactivity were applied, per treatment, either to host foliage or wood, or
to mistletoe shoots. In some cases the
mistletoe shoots were pricked with a pin
to facilitate uptake of the materials. In
some tests the mistletoe shoots were
steamed at the base in order to study
the effect of killing that portion of the
shoot on the translocation of label
through the steamed portion. Death of
the steamed portion was determined by
means of a resistance bridge described
by DePlater and Greenham (1959). The
treated areas were protected from rain
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Fig. 2. Apparatus used to expose individual shoots of dwarf mistletoe to C140 2 without detaching them from their host plant.

by polyethylene bags which were open
on the undersides. Additional aspects
of the various treatments are described
under specific experiments.
The following compounds were applied in 50 per cent ethanol containing
0.1 per cent Tween 20 (polyoxyethylene
sorbitan monolaurate): C14-labeled urea
(specific activity (s.a.) 6.2 mc /mmole) ;
2,4-D (carboxyl labeled with s.a. of
1.24 mc/rnmole}: 2,4,5-T (s.a. 1.0
mc/mmcle}; butoxy ethanol ester of
2,4,5-T (s.a. 0.94 mc/rnmole i , 2chloro-4-ethylamino-6-isopropylamino-striazine (atrazine; s.a. 1.4 mc /mmole,
randomly ring-labeled); 3-amino-1,2,4-

triazole-fi-C'" (amitrole; s.a. 0.94 mel
mmole ) ; paraquat (1,1'-dimethyl-4,4'dipyridylium cation; s. a. 1.44 mel
mmole); and maleic hydrazide (MH ;
s.a. 1.2 mc/rnmole ). One p'c of activity,
in 10 to 30 p.l, was applied 'either to the
host foliage, bark, or wood, or to the
mistletoe shoots.
Treated branches were usually removed from the trees two weeks after
treatment. (Shorter time intervals
proved inadequate in several tests; part
of these data is shown in table 5.) Stem
sections of host were cut either with a
razor blade or a band-saw to a thickness
of 1 to 2 mm. The distance between sec..
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tions from which cuts were made was
noted on the mounting paper. Portions
of the branch and the infecting mistletoe were mounted on 10 x 12-inch sheets
of paper by means of a casein-base glue.
Mounts were pressed between wire
screens and dried at 45° to 50° C. Dried
mounts were rehumidified and pressed
in a mechanical press so that the surface
to be exposed to the film was as smooth
as possible. In a few cases the mounts
were freeze-dried. The autoradiographic
procedure was similar to that of Yamaguchi and Crafts (1958), except that a
method of preventing pseudoautoradiographs was used. These are produced on
X-ray film by natural chemicals in the
plant materials, not by radiation. We
found that they could be prevented
(except for some faint images at timesfor example, fig. 3) by certain film materials. Saran Wrap (Dow Chemical
Company) was chosen because it eliminated most pseudoautoradiographs
while transmitting over 50 per cent of
the beta radiation. Autoradiographs
were made by placing Saran W rap-

covered mounts on Kodak Royal Blue
Medical X-ray film for two weeks.
The distribution of radioactivity in
the autoradiographs was estimated by
comparing the densities with a series of
standards of known activity (counts per
minute per mg), corrected for selfabsorption. The series and standards
(cpm/mg ) used were: 0 (no definite
activity) ; 1 (0-0.5) ; 2 (0.6-2) ; 3 (3-9);
4 (9-32); 5 (33-128); 6 (129-712); 7
(more than 712). Estimates of radioactivity for all host stem cross-sections
are for the inner portions of the bark
and adjacent cambial area. Variations
in radioactivity are listed for the sections chosen-for example, a given
cross-section may be free of activity on
one side (0) and very radioactive on the
other (7), and thus be listed at 0-7.
Different mistletoe shoots varied in activity, and such variation is noted.
A Beckman LIB infrared gas analyzer was used to study respiration and
photosynthesis of Phoradendron by the
same procedure as that of Hull and
Leonard (1964b) with Arceuihobium.

RESULTS
DWARF MISTLETOES

Basipetal Translocation of C1 4 in
Conifer Branches
White fir (Abies concolor) , red fir (A.
magnifica), digger pine (Pinus sabiniana), sugar pine (P. lambertioma), Jeffrey pine (P. jeffreyi) , ponderosa pine
(P. ponderosa), lodgepole pine (P.
murrayana) , and pinyon pine (P. monophylla) were treated during the growing season, and all except lodgepole,
pinyon, and sugar pine were also treated
while dormant (tables 2, 3, and 4; figs.
4, 5, 6, and 7). Considerable variation
appeared in the labeling of the stem
cross-sections of the conifers and the
endophytic systems and aerial shoots
of the dwarf mistletoes. Labeling was
uniform when no untreated side
branches were present between the

treated area and the tissues sampled.
The effectiveness of labeling became decidedly nonuniform at points where the
treated branch joined large untreated
branches. Some lateral mixing of the
translocation streams did occur since
all portions of the endophytic systems,
aerial dwarf mistletoe shoots, and stem
cross-sections usually had at least a
trace of label; however, in some
instances certain parts of the cambial
area of the stem cross-sections appeared
to be completely free of label.
Although assimilates were translocated out of the treated area during
the two-week treatment period at all
seasons of the year, large quantities of
la.beled carbon always remained within
the treated area. Translocation was most
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Fig. 3. Effectiveness of Saran Wrap in eliminating pseudoautoradiographs of digger pine and
Macnab cypress. A. mounted branch; B. pseudoautoradiograph produced by exposing X-ray film
to mounted branch for two weeks; C. pseudoautoradiograph produced by exposing X-ray :film for
two weeks to mounted branch covered with Saran Wrap.

rapid before the shoots began to elongate in the spring (table 5, for February
and June). Translocation became slow
in white fir when the shoots were rapidly
elongating in July (quite variable) and
August (tables 2 and 5). (See Hull and
Leonard, 1964a, for carbohydrate studies.) During that period, the autoradiographs showed intense activity in the
new terminal growth of the shoots. In
one instance, no labelling appeared in
the endophytic system and aerial shoots
of the dwarf mistletoes even though the
label had traversed that area to the base
of the stem (table 2, July, 1961, in the
early active-growth period). In two
instances, however, the assimilates had
reached and were accumulated by the
dwarf mistletoes without moving beyond to the base of the stems in white
fir (table 2, July, 1961 and 1962). Simi-

lar results were observed in sugar, Jeffrey, ponderosa, and pinyon pine, and
red fir, when the shoots were elongating
(table 3) , and in digger pine after shoot
growth had ceased (table 3, August,
1961). Downward translocation in
white fir still appeared to be very slow
in October after all shoot growth had
ended (fig. 7 and table 5).
While downward translocation generally appeared to be similar in infected
and noninfected stems (fig. 7 and table
5), indications were that the infections
did at times interfere with transport
(fig. 5). For example, photosynthate
never failed to reach the base of treated,
noninfected stems within two weeks, but
such failure did occur in two instances
out of 150, with infected white fir stems
(table 2, July, 1961 and 1962). Additional instances of assimilates not mi-
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grating beyond the infected areas in
several conifers (table 3) strongly suggest that the infections blocked translocation, probably by using all of the
food not used by the shoot itself during the summer. However, large infections on digger pine (fig. 4E), ponderosa pine, Jeffrey pine, and red fir
(fig. 4C) failed to block the transport of
assimilates (table 3). Thus dwarf mistletoe infections apparently do not completely block translocation except occasionally when food requirements of
both the hosts and the dwarf mistletoes
are high, and coincide.
The endophytic system was a strong
sink for assimilates coming from the
coniferous hosts at all seasons of the
year, while the aerial shoots were strong
sinks during the summer period (tables
2 and 3), and somewhat less so at other
times of the year. However, the latter
always accumulated appreciable assimilates from the host.
An experiment was initiated in 1960
on white fir to determine whether dwarf
mistletoe shoots and/or exposure of the
infections to light was necessary for the
accumulation of assimilates by the endophytic systems. Dwarf mistletoe shoots
were removed from some branches;
other infected branches were left with
shoots intact. Half the branches from
which shoots were removed were
covered with aluminum foil at the site
of the infection, to keep out light. Infections with shoots intact were also covered with the foil. The host foliage was
treated with C1 4 0 2 at various periods
following preparation, and the accumulation of assimilates in the host and mistletoe was noted in the autoradiographs
(table 4 and fig. 6). Removing the shoots
appeared to increase the accumulation
of label in the endophytic system, but
covering the infections with alumininum foil had little effect. Some of the
covered branches selected for treatment
in -Inly, 1960, died in eight to 12
months; however, considerable mortality is common with white fir branches
infected with dwarf mistletoe.

Wood in the treated shoots of conifers
frequently contained appreciable label
in the xylem rays and resin ducts. Storage of assimilates in the rays was apparently greatest before growth started
in spring and during the summer, and
least during the winter. Large quantities of label were present in the resin
ducts of digger, lodgepole, and pinyon
pine just before, during, and just after
the period of rapid shoot growth.

Effect of Host Defoliation on
Translocation of C1 4 in Noninfected
and Infected Branches
Data in table 6 and figures 8 and 9A
show the influence of defoliation on
translocation in healthy and infected
white fir lateral branches. Movement
into the defoliated, infected branches
was extensive at all times of the year.
Movement into aerial shoots was greatest during the growing season. Translocation into uninfected, defoliated
branches was intense only during the
growing season.
Intense translocation into nondefoliated, infected lateral branches did
occur in a few instances. Assimilates
moved into infected white fir shoots in
the early active period of shoot growth
(table 6 and fig. 6C) and into a similar
lodgepole pine shoot at the same stage
of growth. Limited upward movement
(for 2 cm) in an infected white fir
branch occurred in November, 1960
(fig. 8C).
Defoliation of noninfected branches
during the growing season induced import of large quantities of assimilates,
while defoliation at other seasons of the
year was far less effective in bringing
this about (table 6). Covering the
branches with aluminum foil was less
effective than defoliation in inducing
branches to import assimilates (fig. 9B).
No instance was observed in which
noninfected, nondefoliated, normal
branches systemically imported label
from treated branches; however, limited
movement into the basal 1 to 6 em was
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TABLE

2

SELECTED SAMPLES SHOWING DISTRIBUTION OF Cl4..LABELED ASSIMILATES
IN WHITE FIR BRANCHES INFECTED WITH DWARF MISTLETOE
(Radioactivity determined two weeks after labeling of terminal foliage)
Intensity of autoradiographs *
Mistletoe

White fir stem
Growth stage of host, and date of labeling

Dormant:
1/29/63 .........................................
1/29/63 .........................................
2/5/61 ..........................................
2/7/61 ..........................................
2/7/63 ..........................................
2/14/63 .........................................
2/15/63 ............. " ....... , ..................
5/4/63 ..........................................
5/30/61 .........................................
5/30/61 .........................................
5/30/62 .........................................
6/4/63 ..........................................
6/4/63 ..........................................
6/4/63 ................................. ........
6/5/64 ................................. , .......
6/13/62t· .......................................
6/30/63t· .......................................
6/30/62t· .......................................
Early-active:
7/3/61 ..........................................
7/3/61 ..........................................
7/5/64 ..........................................
7/5/64 ..........................................
7/18/62 .........................................
7/18/62 .........................................
7/25/61 .........................................
7/25/61 .........................................
Active and postaotive:
8/7/61 ..........................................
8/16/60 ...... , ..................................
8/16/60 .......... , ..... , ........................
8/31/62 .........................................
9/3/62 .... " ................ ...................
9/3/62 ..........................................
9/12/63 .................................... , ....
Dormant:
10/2/62 ... " ....................................
10/2/62 ................. ........................
11/1/61 .........................................
11/20/60 ........................................

Area above
infection

Base of
stem

0-7
0-7
1-7
7
1-7
7
2-7
7
7
7
7
7
7
2-7
7
7
7
7

0-4
1-5
2-7
1-7
1-7
1-5
2-7
2-7
7
2-7
5-7
2-6
1-7
2-5
0-6
2-6
1-7
3-7

7
7
7
7
7
7
7
7

0-2
3
0-5
1
1-3
0
0
0-5

1-7
7
7
7
7
7
4-7

0-5
1-5
2-7
0-6
0-6
0-5

7
6
6
2-7

2-5
2-5
0-5
0-2

1

Endophytic
system

Aerial
shoots

'"

...

2-7
1-7
7

2-3
0-1
2

...

...

2-7

2-4

...

...

3-7

2-5

'"

...

2-7

1-2

...
'"

2-7
1-7
2-7
2-7
2-7

...
0
7
0-5
0-4
'"

1-7
0-7

...
...
1-2
2-5
4-6
3-5
1-3
. ..
0
7
2-5
2-4

...
6-7
1-7

'"

...

1-7

1-6

'"

...

7
7
7

7
7
6

...
...

...

7
...
6
7

...

1-5

...

3-5
1

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation
see text, p, 118.
t Dormant to bud-swell.

.

observed in 12 branches. This movement
mainly occurred either shortly before
or during start of growth in spring.
There was evidence of xylem transport from treated to untreated branches
of white fir just before bud-break in the
spring (fig. 7B, C). Leaves of untreated,
infected and noninfected branches were
lightly labeled; no label accumulated in

the cambial area of such shoots, but did
accumulate in the treated branches.

Effect of Girdling on Downward
Translocation in Infected Branches
Initially it was thought that dwarf
mistletoe infections might produce effects similar to those caused by certain
types of tree girdling. To investigate
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TABLE 3
SELECTED SAMPLES SHOWING DISTRIBUTIOK OF C14-LABELED ASSIMILATES
IN BRANCHES OF VARIOUS CONIFERS INFECTED WITH DWARF MISTLETOE
(Radioactivity determined two weeks after labeling of terminal foliage)

Intensity of autoradiographs"

--------------------Host stem
Host and stage of growth

Date of labeling

Mistletoe

- - - - - - - - - - - - - ---------------Endophytic
Aerial
Area above
Base of
shoots
infection
stem
system
------- - - - - - ------ -------

Digger pine:
Dormant ........ ..
Active .........

..

., ....

Post-active ..
Lodgepole pine:
Active ..... ....

..... ....

.....

.....

.

...

Sugar pine:
Active .........
.......
.....
Ponderosa pi ne:
Dormant] ........ ..... . .....
'"

Active ................. ..........
Jeffrey pine:
Dormant-t·· .. · ......... ··.·· .. .,.
Active ................. ......
Pinyon pine:
Active ....................

.....

3/23/61
11/1/61
5/11/62 large
infection
7/10/62
8/22/61
8/29/61

7
6

5-7
0-4

7
6

4-5
3-5

7
7
7
7

7
7
0-4
0

7
7
7
7

7
7
1-7
4-5

7/18/62
8/10/62

7
7

1-5
1-7

7
1-7

7
2-7

7/25/61

7

0

1-7

1-7

6/5/64
6/5/64 large
infection
8/22/61

7

0-6

7

6-7

7
7

0-4
0

5
1-7

7
1-7

6/5/64
6/5/64
8/8/61 large
infection

7
5

0-6
0-4

7
2-6

5-7
2-5

5

0

0-7

3-7

8/10/61
8/10/61

7
7

0-4
0

1-7
1-7

3-4
2-6

7

0-7

2-7

2-6

5
7

2-5
0

1-5
2-7

1-3
2-7

Red fir:
Dormant .................

.... 6/5/64
6/5/64 large
infection
Active ..................... ......... 7/25/61

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p. 118.
t Dormant to bud-swell.

this possibility, we studied the effect of
several types of girdles on translocation
(table 7). Three out of ·five white fir
branches with simple (complete) girdles
did not translocate assimilates to the
girdles. In one instance there was no
basal translocation out of the treated
area, but there was strong movement
into the new growth at the tips (July,
1963, when the shoots were rapidly
growing). Translocation to the girdle
occurred when the girdle had been made
by killing the bark with fire. Transport
in a detached branch, which represents
a type of girdling, was similar to that
obtained by a simple girdle (July,

1960). Double-spiral and loop girdles
(partial girdles) had a continuous strip
of bark connecting the undisturbed bark
above and below the portion of the stem
from which the bark was removed. The
assimilates were able to move laterally
in and through the double spiral to the
bark below. In one instance, movement
did not proceed farther than 8 em below
the spiral, while in another, movement
did proceed to the base of the stem.
With the loop girdle, the strip of continuous bark was cut so that materials
moving in the bark had to move upward
for 6 cm before moving downward
again. Assimilates were able to move
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Fig. 4. Mounted plants (above) and autoradiographs (below) of dwarf mistletoe-infected
conifer branches, the terminal foliage of which (above arrow) was exposed to C1402 • Plants were
harvested two weeks after treatment. A. lodgepole pine infected with Arceuthobium americanum,
treated August 16, 1962; (d) is a defoliated branch. Red fir: B. infected with A. ca'mpylopodum,
untreated, collected May 18, 1964; C. infected with A. camp ylopo dum, treated June 5, 1964;
D. uninfected, treated June 5, 1964. E. digger pine infected with A. c.ampylopodum, treated May
11, 1962. This infection was quite extensive (35 cm long).

TABLE

4

EFFECT OF SHOOT REMOVAL AND OF COVERING INFECTIONS WITH
ALUMINUM FOIL ON ACCUMULATION OF CU-LABELED ASSIMILATES
IN MISTLETOE ENDOPHYTIC SYSTEM
(Radioactivi ty determined two weeks after labeling of terminal foliage)
Intensity of autoradiographs"
Mistletoe endophytic system

Date of labeling

2/61 .......
.......
....................
5/61. ....
..... .. .........................
8/60 ..... .... .... .. ..............................
11/60.. .........................................
,

Normal

Shoots
removed]

Shoots covered
with Al foilt

1-7
2-7

0-7
7

7

7

1-6

2-7

7

0-6
6

It

Shoots removed
and infection
covered]
7
7
7
7

* Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller
explanation, see text, p. 118.
t All of the manipulations of removing mistletoe shoots and covering with aluminum foil were done in
August, 1960.
t Branch was dying; slight photosynthesis.
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Fig. 5. Autoradiographs showing no translocation beyond infected areas of conifer branches
infected with Arceuthobium campylopodum. Terminal foliage (above arrows) was exposed to
0 140 2 and collections were made two weeks later. The X marks location of lowest stem crosssections. In all cases, mistletoe infection was actively growing and producing staminate or
pistillate flowers and, in most cases, fruit. Species treated as follows: A. sugar pine, July 25,
1961, during active growth; B. ponderosa pine, August 22, 1961, just following active growth;
C. red fir, July 25, 1961, during active growth; D. digger pine, August 29, 1961, after active
growth had stopped; E. Jeffrey pine, August 8, 1961, during active growth; F. white fir, July
18, 1962, during active growth.

through the loop and accumulate in the
infected area below.
Assimilates were transported to a
simple girdle in lodgepole pine in high
concentration, and were detectable in
the pith to 10 em beyond the girdle
(August, 1962). Translocation of assimilates in digger pine was interrupted by
the simple girdles, but label was present
in the resin canals for 15 em below the
girdles. Assimilates were able to move
through a double spiral of bark and
into the dwarf mistletoe, where they accumulated.
The downward movement of P 3 20 4 in
digger pine was similar to that with
assimilates. However, P 3 20 4 was not so

confined by a girdle as were assimilates,
and was frequently present for several
inches beneath the girdles. In one
instance the P 3 20 4 evidently leaked into
the xylem, for the label was transported
down and then up a lateral branch,
through a girdle.

Translocation of C1 4 Following
Treatment of Mistletoe Infections
Dwarf mistletoe infections (host tissues plus the associated mistletoe endophytic system and aerial shoots) on
white fir branches were treated with
0 1 4 0 2 • That portion of the host stem
exposed to the 0 1 40 2 was free of leaves.
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Fig. 6. Mounted plants (above) and autoradiographs (below) of Arceuihobiutn campylopoduminfected white fir branches, terminal foliage of which (above arrow) was exposed to C140 2 • Collections were made two weeks later. Dwarf mistletoe shoots were removed seven months or longer
before treatments. Note large accumulation of label in infected area (es). A. treatment February
5, 1961. Infected area was covered with aluminum foil. B. treatment May 30, 1961. Infected
area was covered with aluminum foil. C. treatment July 3, 1961. Note accumulation of label by
young fir shoot in infected area (es) .

The treatments were made at five periods of the year, and included all seaSOllS.

Collections were made two weeks
after the C1 40 2 was applied. About 60
times as much label was present in the
region of infection (endophytic system
plus associated host tissues) from host
foliage treatments as from treatment of
the entire dwarf mistletoe (plus associated host branch tissues). Slightly
more label appeared in the infected
branches than in similarly treated, noninfected branches; this may have been
due to the occurrence of more breaks in
the host bark in the infected areas.
Label was present for about 10 cm both
above and below the portion of the
branches (infected and noninfected)

exposed to C 1 40 2 and most of the label
was present in the outermost part of the
bark. This finding contrasted with the
high concentration of label in the inner
part of the bark of the host and the mistletoe endophytic system when the host
foliage was treated with C1 40 2 • The mistletoe shoots exposed to C1 40 2 contained
about 35 per cent as much label (in two
weeks) as did those that imported label
coming from the host foliage.

Translocation of C1 4 and Labeled
Phosphate Following Treatment
of Mistletoe Shoots
In order to eliminate uptake of label
by the host bark as a factor influencing
the results, only the mistletoe shoots
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Fig. 7. Autoradiographs of Arccuthobium campyl01Jodu1n-illfected white fir branches, terminal
foliage of which (above arrow) was exposed to 0 140 2 for four hours. Tests were conducted at different periods of the year to determine seasonal differences in rates of translocation. Infected
area (endophytic system ) is at (E). Dates and time after treatment: A. January 29,1963,28
hours; B. June 3, 1963, 10 hours; c. June 3, 1963, 47 hours; D. August 7, 196], R4 hours; E. August 7, 196], 57 hours; F. October 2, 1961, 52 hours.

were treated with C 1 40 2 (fig. 2). Only
that portion of the shoot actually exposed to C1 40 2 contained any label
(table 8 and fig. 10) . No basal movement of label occurred in the mistletoe shoots in any te.st. (Many tests were
conducted on white fir, digger pine,
and lodgepole pine.) The label was
concentrated in the outermost part of
the mistletoe stems, at the bases of the
internodes, in the male and female
flowers, and in the fruit. Mistletoe
shoots that received label from the host
foliage were labeled in about the same
manner as described above. The inner
portions of the shoots were more
strongly labeled, however, and that portion containing the xylem (fig. 18B)
was nearly free of label.

Dwarf mistletoe shoots treated with
P 3 2 0 '4 usually did not show any label
moving into the endophytic system or
into the host tissues; under some conditions, however, puncturing the surfaces
in several places with a pin, before
treatment, did result in movement of a
considerable amount of label into the
endophytic system and into the host
(table 8 and fig. 11). Natural breaks in
the tissues would also result in some
label moving from the aerial shoots into
the endophytic system a.nd host tissues;
this occurred in four of the trials shown
in table 8. Puncturing the shoots in six
to eight places resulted in movement of
P 3 20 4 into the endophytic system during the late fall and winter period, but
was ineffective in late spring.
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TABLE 5
TRANSLOCATION RATES OF CU-LABELED ASSIMILATES, AT DIFFERENT
SEASONS OF THE YEAR, IN NORMAL BRANCHES OF WHITE FIR
AND IN BRANCHES INFECTED WITH DWARF MISTLETOE

Translocation * of C14 in:
Growth stage of host

Month treated
Infected
branches

Dormant .................................................
Dormant .................................................
Dormant .................................................
Active ....................................................
Active ....................................................
Dormant .................................................

Noninfected
branches

em/hr.
2.7t
2.7t
5.0,2.5
2.0, 1.0
0.7, 0.2, 0.3
0.0, 0.0, 0.3, 1.0

em/hr.
2.1,t 2.1t
2.4,t 2.1t
2.6,3.0, 6.0,2.0t
0.2, 1.8, 1.8,0.0
0.5, 0.3, 0.0, 1.0,0.5
0.2, 0.0, 0.2, 0.2, 0.3

January
February
June
July
August
October

• Translocation rates were determined by noting the branch cross-sections that were radioactive (as shown by autoradiographs). Collections were made from seven hours to 14 days following labeling of terminal foliage.
t Translocation rates were in excess of those indicated, since C14was already at the base of the branches when collections were made.

P 3 20 4 was applied was verified in all
cases by the use of the resistance bridge
described by DePlater and Greenham
(1959). The tissues were considered to
be dead when the high-frequency
(lMc/s) :low-frequency (Lkc/s) ratio
approached 1.
Normal conditions of transport in the
host occurred after P 3 2 0 4 reached the
host tissues. Extensive downward transport usually did not occur when the host
branch was girdled directly above the

In three out of six trials in which the
bases of the mistletoe shoots were killed
with steam before application of p 3 2 0 4 ,
appreciable label appeared in the endophytic system. Since the bases were
killed before application of the label,
the movement had to occur from the
shoots to the endophytic system through
dead tissues. (The bases were killed by
a jet of steam applied near the base of
the shoots for 3 to 6 minutes.) That the
tissues were actually killed before the

TABLE

6

EFFECT OF DEFOLIATION ON TRANSLOCATION OF CU-LABELED ASSIMILATES
FROM TREATED WHITE FIR LEAVES TO LATERAL BRANCHES INFECTED
BY DWARF MISTLETOE
(Radioactivity determined two weeks after labeling of terminal foliage of main branch)
Intensity of autoradiographs"
Uninfected
branch
Growth stage of host,
and season

Dormant (fall) ..........
Dormant (winter) .......
Dormant (spring) .......
Early active (spring) ....
Active (summer) ........

Infected branch
Not defoliatedt

Defoliated]

Defoliated

Host
stem

Host
stem

Endophytic
system

Mistletoe
shoot

Host
stem

Endophytic
system

Mistletoe
shoot

2
2
2

0
0

7
7
7
7
7

3
2

7
0

0
0
0
7
0

7
7
7

7

0
0
1
7
0

7

1

7

7

4

7
7

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p. 118.
t Nondefoliated shoots usually 0, but others were noted and are described in the text.
t Other responses were.noted and are described in the text, together with information on digger pine and lodgepole pine.
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F'ig. 8. Mounted plants (above) and autoradiographs (below) of white fir branches with
lateral branches infected with Arceuthobium campylopodum. Terminal foliage (above arrows)
was treated with 0 14 0 2, and collections were made two weeks later. A. infected branch not defoliated; treated August 31, 1960. B. infected branch defoliated just before treatment on August
31, 1960. Note that there was no translocation into basal section (X). C. infected branch not
defoliated; treated November 20, 1960. Note upward translocation in first stem cross-section
of infected branch (b).

point of treatment of the mistletoe
shoots. The label evidently entered the
xylem and was carried upward through
the girdles but was kept from moving
downward in the phloem (along with
assimilates coming down from the
leaves) because of the girdles. Limited
downward movement below the girdle
did occur, however, even though such
movement was for a short distance and
probably in the xylem.

Translocation of Labeled
Herbicides, Phosphate, and
Sulfate in Infected Branches
Infected white fir and digger pine
branches were studied. Materials were
applied to the host foliage, bark, and

wood, and to the aerial shoots of the
dwarf mistletoes.
Only traces of 2,4-D acid migrated
out of white fir leaves into the connecting branches; thus only traces, if any,
reached the endophytic system or aerial
shoots. All of the leaf applications
shown in table 9 were on one-year-old
leaves; however, a few tests on currentseason white fir leaves (8/60) did not
indicate any appreciable improvement
in absorption and translocation. There
was no indication that the ester of 2,4,
5-T migrated appreciably out of the
treated white fir leaves, even after nine
months, Evidently 2,4,5-T is even more
poorly absorbed and translocated than
is 2,4-D. On the other hand, amitrole
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Fig. 9. Mounted plants (above) and auto radiographs (below) of noninfected branches,
terminal foliage of which (above arrows) was exposed to C140 2 • Collections were made two weeks
later. Lateral branches were defoliated to determine effect of this treatment on translocation. A.
white fir with a lateral branch defoliated (d) just before treatment on July 25, 1961. B. digger
pine with two lateral branches defoliated (d) and one branch covered with aluminum foil (a)
just before treatment on May 11, 1962. Note abundant translocation into defoliated branches but
very limited movement in covered branch. C. blue oak with two lateral branches defoliated (d)
just before treatment on July 10, 1963.

was absorbed and translocated out of
both young (not shown) and one-yearold leaves into the host stems and mistletoe. Both uptake and transport of amitrole were considerable when the treated
host foliage was covered with a polyethylene bag (to produce a water-saturated atmosphere) for 24 hours immediately after treatment. Atrazine did not
appear to be translocated downward, although some did move out of the treated
leaves and was swept upward to the
branch tips 6 to 10 em away; this movement was likely in the xylem. Both
1:> 3 20 4 and 8 3 50 4 were absorbed and
translocated downward in the stems,
with considerable accumulation in the
endophytic system and aerial shoots of

the dwarf mistletoes. Absorption and
translocation were very greatly enhanced when the mature digger pine
needles (current season) were scraped
with a razor blade before the applications were made (fig. 12). It was also
noted that branches with yellowish
needles (which appeared to be dying)
absorbed and translocated P 3 20 4 considerably better than did branches with
green, healthy needles.
Apparently only small amounts of
labeled herbicides were absorbed
through the intact bark. There was no
evidence that the butoxy ethanol ester
of 2,4,5-T applied in diesel oil was absorbed in a two-week period. However,
some label clearly appeared in the bark
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TABLE 7
EFFECT OF GIRDLING ON DOWNWARD TRANSLOCATION IN THREE
VARIOUSLY LABELED CONIFERS INFECTED BY DWARF MISTLETOE
(Radioactivity determined two weeks after labeling of foliage)

Girdle
Conifer and label

Translocation of label

White fir (C 140 2) .•.....

Lodgepole pine (C1402)

.

Type

Location

Simple
Simple
Simple
Simple
Simple
Double spiral
Double spiral
Loop
Fire
Detached branch
Stem base of
mistletoe shoots

Near base of stem
Near base of stem
Near base of stem
Near base of stem
Near base of stem
Above infection
Above infection
Above infection
Above infection

Simple

Digger pine:
C 1402 . . . . . . • . . . . . . . . . . Simple
Double spiral
p32()4 ................. Simple (2 trials)
Simple
Simple

* Movement up

Date of girdling
and labeling
8/60
9/60
5/61
7/61
8/62
7/62
7/62
8/62
8/62
8/60

Into infection only
To girdle
Strong movement to girdle
No downward movement
Into infection only
To 8 ern below girdle
Trace to base of stem
Into infection only
To girdle
Into infection only

7/62

Only into unsteamed shoot

Near base of stem

8/62

To 10 ern below girdle in pith

Near base of stem
Above infection
Near base of stem
Side branch

3/63
7/62
3/62
12/61*

Side branch

12/61

15 em below girdle in resin canals
Through the infection
Slightly beyond girdle
Down treated branch; through
girdle on side branch
N one up side branch

ungirdled branches varied from none to strong on this date.

nine months after the applications were
made. Amitrole was translocated downward only, and atrazine upward only,
following summer applications to the
bark. The quantity of label taken in was
very small.
Application to the wood (through
single cuts in the branches) was by far
the most effective method of introducing
labeled compounds for movement and
accumulation in the same branches
(table 9 and fig. 13); however, this
method was not so effective with amitrole as were foliage applications when
the leaves were covered with a polyethylene bag for 24 hours. Phosphate and
sulfate were translocated upward following application to single cuts in the
branches beneath the infections; such
treatments resulted in a great accumulation of p32 and 8 3 5 by the endophytic
systems. Basipetal translocation to the
base of the branches occurred except
when branches were girdled. Girdles

either directly above or below the point
of application kept the label from being
transported to the bases of the stems.
Two girdles, one directly above and
the other directly below the infections,
did not prevent a high degree of accumulation of label by the dwarf mistletoes (endophytic systems and aerial
shoots), but did result in an extreme
variation of the labeling within each
endophytic system and between aerial
shoots.
Labeling of the host stems and mistletoes was never completely uniform when
the P 3 20'4 and 8 3 50 4 were introduced
into single cuts in the branches; however, it is significant that all parts of
the host bark and dwarf mistletoes were
labeled from such treatments (table 9).
No label entered the endophytic system or host tissues following application
of C1 4-labeled 2,4-D acid, amitrole,
atrazine, and urea to dwarf mistletoe
shoots on white fir, and of 2,4-D acid,
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TABLE

8

TRANSLOCATION FOLLOWING TREATMENT OF DWARF MISTLETOE
SHOOTS WITH C 1402 AND P 320 4
(Radioactivity determined two weeks after labeling)
Intensity of autoradiographs"
Host stem
Conifer and label

Manipulation of
mistletoe shoots

Mistletoe

Date of
labeling
Endophytic Untreated
system
aerial shoots

Above
infection
-----

Base of
stem

.....

0

0

0

0

White fir (P32()4) ........ None (8 trials)
None (2 trials)

10/61
10/61

0
1

0
0

0
7

0
0

Digger pine (P 320 4)..... None (2 trials)

3/62 and
5/64
12/61

0
1&6

0
0&6

0
7&7

0

12/61

7

0

7

0

12/61

5&7

0&0

7&7

..

11/61
3/62
3/62

2
0
3

1
0
1

7
0
2

..

3/63
7/64
7/64
7/64

0&3
0

6&7
0

..

0

0&1
0
0

0

0
0

0

0

6

..

White fir, digger pine,
lodgepole pine (C 140 2)

None (28 trials; all seasons)

Puncture (2 trials)
Puncture; girdle below
endoph. syst.
Puncture; girdle above
endoph, syst, (2 trials)
Puncture; girdle above
and below endoph. syst.
Base steamed (3 trials)
Base steamed
Base steamed; punctured
(2 trials)
Puncture (5 reps.)
None (4 reps.)
None

"

0

..

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
seetext, p. 118.

amitrole, MH, paraquat, 2,4,5-T amine,
and urea to similar shoots on digger
pine. Treatments were made directly

following cessation of shoot growth by
white fir and shortly before initiation of
shoot growth by digger pine.

GREEN MISTLETOES
Basipetal Translocation of C 1 4 in
Host Branches
Representative distribution of 0 14 in
green mistletoe-infected branches two
weeks after the terminal foliage was exposed to 0 1 4 0 2 is shown in table 10 and
figure 14. Data are for four infected
conifer and four infected dicotyledon
branches and for some uninfected
branches.
Downward translocation away from
the treated region occurred at all seasons of the year. In only one instance
did the 0 1 4 fail to reach the base of the
stem within the two-week period of
study. In the Macnab cypress in late

spring, downward movement ceased at
20 cm below the treated area, but label
did accumulate in a cone directly
beneath the treated area. Apical translocation was strong, as evidenced by the
marked labeling of the male cones (microsporangiate strobili) at the ends of
the branches.
The bark directly below the treated
area was uniformly labeled around the
stem, but the uniformity disappeared
after side branches were encountered.
Large branches were especially effective
in restricting the 0 1 4 to a limited portion of the bark.
Small amounts of label (generally
less than 1 cpmjmg) were usually
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Fig. 10. Mounted plants (above) and autoradiographs (below) of white fir branches infected
with Arccuthobium. campylopodum; aerial shoots of mistletoe exposed to C14 0 2 on July 24, 1961.
A. branch undisturbed; B. foliage of branch covered with aluminum foil during two-week period
between treatment and harvest; C. branch defoliated at time of treatment. Note lack of basipetal
translocation in A, B, and C.

present in the endophytic system. When
this occurred, traces were also present
in the aerial shoots.

Translocation of C1 4 Following
Treatment of Mistletoe Shoots
Green mistletoe shoots were exposed
to C140 2 in a manner similar to that used
for host shoots. Translocation was comparable with that in green, nonparasitic
plants (table 11 and fig. 15). Downward
translocation from the treated foliage
usually occurred, with the intensity of
movement and accumulation varying
considerably in different experiments.
In some tests, the endophytic system
was highly labeled two weeks after
treatment, while in others it was only
lightly labeled. In some tests there was
no downward movement of label from

the treated part of the mistletoe shoots;
however, upward movement to the shoot
apices usually occurred as indicated by
intense labeling of that area (fig. 15B).
Usually only a portion of a single
green mistletoe shoot was exposed to the
C140~, and generally only parts of the
endophytic system became labeled-or
at least strongly so. Some of the assimilates in the less strongly labeled
portions of the endophytic system and
all or that in the unlabeled portions
probably came from other mistletoe
shoots (at least, for the two-week experimental period).
The untreated, lateral branches of
the mistletoe shoots with terminal portions treated contained only traces of
label, which evidently had moved into
these lateral shoots from the main stem
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Fig. 11. Mounted plants (above) and autoradiographs (below) of digger pine branches infected with Arccuihobiu.m cam.pulopodum ; aerial shoots were treated with either C14 0 2 or P320-l
and collections were made two weeks later. A. mistletoe shoots pricked with pin in several places
hefore p 32 0 .. was applied November 24, 1961. B. mistletoe shoots (not pricked) treated with
P 320 4 on March 8, 1962. Note complete absence of any translocation into host. A portion of one
of the less radioactive, treated shoots was mounted. C. mistletoe shoots treated with C140 2 on
May ] 1, ] 962. Note a bsence of any translocation into host.

of the treated mistletoe shoot in the
process of moving toward the endophytic system. No label was present in green
mistletoe shoots not connected with the
treated mistletoe shoot.
Little label appeared to move from
the green mistletoes into the host tissues,
and any that did was in the immediate
vicinity of the endophytic system.

Translocation of C 1 4 in Infected,
Defoliated Lateral Branches
Branches infected by green mistletoe
often die above the infections. Such
branches are often completely free of
host foliage and must obtain their nutrition either from the mistletoes or from
other host branches. Such branches were

studied in order to determine the source
of their nutrition. A sufficient number
of branches in this condition were not
readily accessible, and were therefore
prepared by pruning. Blue oak stems
were prepared one year in advance
of the studies, and Macnab cypress
branches four months in advance.
Autoradiographs indicate that most
of the assimilates required by the defoliated branches came from other host
branches and that nearly all of the
assimilates required by the green mistletoes was produced by them (table 12
and fig. 16). Traces of assimilates moved
from the defoliated branches into the
endophytic system and aerial shoots of
the mistletoe; this label was present in
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TABLE

9

AVERAGE TRANSLOCATION OF VARIOUS Cl4·LABELED HERBICIDES,
PHOSPHATE, AND SULFATE, FOLLOWING DUPLICATE AND TRIPLICATE
APPLICATIONS TO LEAVES, BARK, AND WOOD OF WHITE FIR AND
DIGGER PINE INFECTED WITH DWARF MISTLETOE
(Radioactivity determined two weeks after labeling unless otherwise noted)
Intensity of autoradiographs"

Labeled material

Date of
labeling

Plant species

Host stem
Above
infection

I

Mistletoe

Base of
stem

Endophytic
system

I

Aerial
shoots

Leaf application
2,4-D acid ..... ....
2,4,5-T ester .....
2,4,5-T ester ........
Amitrole ....... ...
Amitrole .......
Atrazine ...........
Phosphate .........
Phosphate ...... ....
Phosphate ........ ..
Phosphate ..........

white fir
white fir
white fir (9 months)
white fir
white fir]
white fir
digger pine
digger pine
digger pine (5 reps.)
digger pine (leaves scraped
before 5 reps.)

I

8/60
8/61
8/61
8/60
8/60
8/60
12/61
3/62
6/64

1
0
0
1
3
1
3-7
2
4

0
0
0
0
1
0
2-4
1
2

1
0
0
1
3
0
7
2
4

0
0
0
1
2
0
4-7
1
1-4

6/64

7

6

7

4-7

1
0
0
1
0

1

0
1
0
1

0
0

Bark application (below infections)
2,4-D acid ..........
2,4,5-T ester ........
2,4,5-T ester ........
Amitrole ............
Atrazine ............

white
white
white
white
white

fir
fir
fir (9 months)
fir
fir

8/60
8/61
8/61
8/60
8/60

0
0
1
0
1

1

0
0

Wood application (to cut below infections)
2,4-D acid ..........
Amitrole ............
Atrazine ...........
Phosphate .........

white fir
white fir
white fir
digger pine (girdle below
endophytic system)
Phosphate ......... digger pine (girdles above and
below endophytic system)
Phosphate ..... ..... digger pine
Sulfate ......... .... digger pine
Sulfate ......... .. ... digger pine (girdle below
endophytic system)
Sulfate ......... .. ... digger pine (girdles above and
below endophytic system)

8/60
8/60
8/60

1-3
1
0-3

1-2
0
0

1-3
0-1

1-2
0
0

3/62

7

0

7

2-7

3/62
3/62
3/62

1-7
7
4-7

0
7
0-4

0-7
7
4-7

0-7
7
2-7

3/62

5-7

0

5-7

5-7

3/62

5-7

0

5-7

5-7

1

* Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p. 118.
t Treated area covered with polyethylene bag for 24 hours.

low concentration in the outer portion
of the stems of the mistletoe shoots.
When the mistletoe shoots were exposed
to 0 1 40 2 , a considerable amount of labeled assimilates migrated to the endophytic system (fig. 16), which showed
dark on autoradiographs. Traces of

label may possibly have passed from the
endophytic system into the adjacent
host tissues, but this was not demonstrated with certainty. Girdling the defoliated branches to deprive them of
any opportunity to obtain food from
other branches still did not enable them
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to obtain assimilates from the mistletoes.
Defoliation of uninfected branches of
Macnab cypress resulted in very little
of the assimilates flowing into them during the dormant season, but a considerable amount did flow into them during
the growing season. These results were
similar to those obtained on the mistletoe-infected branches. In all tests, defoliation of uninfected blue oak branches
resulted in appreciable movement of
assimilates to them.
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Translocation of Labeled
Phosphate Following Application
to Host Foliage, Cuts in Host
Stem, and Mistletoes
Studies were conducted on the absorption and translocation of P 3 20 4 because this chemical is as freely mobile
in plants as any herbicide is likely to be.
Furthermore, it must be applied in a
manner similar to that used with herbicides.
Some typical results from these
studies are presented in table 13 and
figure 17. Applications to the foliage of
Macnab cypress and blue oak resulted
in small amounts of label entering the
mistletoe shoots. The intensity of such
labeling was slightly greater than that
obtained with assimilates (table 12).
It was found that P 3 2 0 4 migrated up
lateral branches in response to defoliation in much the same manner as did
assimilates (table 12).
The most effective method of introducing label into the green mistletoe
was to apply it to the host stem below
the infections (table 13). These treatments resulted in not only the host stems
but also the mistletoe shoots becoming
very strongly labeled. During the winter period, the green mistletoe shoots
on Macnab cypress were appreciably
stronger-labeled than was the host foliage.
Although the endophytic system was
usually strongly labeled following ap-

Fig. 12. Mounted plants (above) and autoradiographs (below) of digger pine branches
infected with dwarf mistletoe. Foliage was
treated with P 320 4 on July 1, 1964, and collections were made one week later. Treated foliage
(above arrows) was too radioactive to use, and
was discarded to prevent contamination. A
through E: leaves were severely scraped with
a razor blade before P 320 4 was applied. Note
abundant translocation in all five branches. F
through J: the P 320 4 was applied to leaves
without scraping.

plication of P 3 20 4 to the mistletoe foliage (table 13), labeling was stronger
when the applications were made to cuts
in the stems. Furthermore, in numerous instances (mid-spring) only small
amounts of label appeared to migrate
to the endophytic system (fig. 17). In
one instance, considerable label entered
the host stem following application to
green mistletoe on Macnab cypress.
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Fig. 13. Mounted plants (above) and autoradiographs (below) of digger pine branches infected with Arccuthobium campylopodum. P 320 4 and 8 350 4 were applied to cuts in stems below
infections at points indicated by arrows. Treatment period was t\VO weeks. A. p3:!04 applied to a
single cut in stem on January 3, 1962, beneath girdle (g). Except for section directly beneath
point of application, no label was present in stem cross-section below that point. Basal section
is indicated by (x). B. 8 350 4 applied to a single cut in stem on March 23,1962. No girdle was
used, Label was present in stem cross-sections beneath point of treatment.
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TABLE

10

SELECTED EXAMPLES OF DISTRIBUTION OF C14-LABELED ASSIMILATES IN
NORMAL BRANCHES OF VARIOUS TREE SPECIES, AND IN
BRANCHES INFECTED WITH GREEN MISTLETOE
(Radioactivi ty determined two weeks after labeling of terminal foliage)
Intensity of autoradiographa"
Date of
labeling

Plant species and stage of growth

Blue oak:
Active... . . .
.........................
Activet... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Active... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Postactive..
.........................
Postactive
Postactivet.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
California black oak:
Postactive.. . . . . . . . . . . ..
Interior liveoak:
Dormant
0••••.• 0.••• 0....
.
California black walnut:
Active. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Incense cedar:
Active ..
Western juniper:
Active ..
White fir:
Active
,
Macnab cypress:
Dormant
0..........
.
Active§. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Active.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Active
" ....
Active.. . . . . . . . .
. . . . . . . . . . . . . . . . . .. . . .
Postactive. . .. .
0

0

•

•

•

•

•

••••••••••

o'

•

•

•

•

•

•

••

•

•

o.

••

•

•

•

•

•

•

•

•

•

•

•

•

•

••

•

••

o'

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

••

•

•

•

•

•

•

•

•••••••

0

0

•

•

•

•

•

•

Host stem

Mistletoe

Above
infection

Base of
stem

Endophytic
system

5/63
5/63
5/64
7/61
7/63
8/63

7
7
7
7
7
7

2-7
2-6
7
1-7
1-7
2-7

8/61

6

6

1

1

3/62

7

2-7

1

1

6/61

7

4-7

1

1

8/62

6

0-5

0

0

7/61

7

0-7

0

0

7/61

7

3-7

1

1

3/62
5/62
5/62
5/64
7/62
8/62

7
7
7
7
7
5-7

1-5
0
0-5
7
7
3-5

..
..
2
0
1

Aerial
shoots

1

1

1
2
1

..
0
1

..

..

1

..

1

1
o'

..
2
0
0

... Radioactivity ratings are on a scale from 0 to 7. on the basis of counts per minute per mg. For a fuller explanation,
see text, p. 118.
t Mistletoe shoots removed; endophytic system covered with aluminum foil.
t Mistletoe shoots removed.
§ Label into cone below treated leaves.

Translocation of 2,4,5-T Ester and
Paraquat Applied to Mistletoes
Paraquat applied to mistletoe on
Macnab cypress in May did not translocate detectably within the shoots. The
butoxy ethanol ester of labeled 2,4,5-T
applied to mistletoe on blue oak translocated detectably for only 3 to 4 em.
Nonradioactive mixtures of 2,4-D and
2,4,5-T did not translocate in herbicidal
proportions except over very short distances. When these mixtures were applied to the base of mistletoe shoots (six
replications) the infections were killed
in two instances and the mistletoes plus
the host branches were killed in four

instances. When the applications were
made to the terminal part of the mistletoe shoots, only a limited portion of the
aerial shoots was killed.

Photosynthesis and Respiration
Photosynthesis has been shown to
occur in the dwarf mistletoe (Hull and
Leonard, 1964b), but at a rate insufficient to be detectable by the Beckman
infrared gas analyzer. It was detectable,
however, by means of 0 1 4 0 2 •
Limited studies were conducted on
the photosynthetic capacity of the green
mistletoe (table 14) . The mistletoe
shoots were removed from host trees,
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Fig. 14. Mounted plants (above) and autoradiographs (below) of branches infected with
green mistletoe (Phoradendron). Terminal foliage was treated with C14 0 2 and collections were
made two weeks later. Note absence of label in endophytic system (e). A. California black
walnut infected with P. flavescens var. macrophyllum, treated June 6, 1961. B. western juniper
infected with P. j1Inipe1'i1'lJUm yare ligatum, treated August 8, 1961. C. blue oak infected with
P. fiavescens yare »illosum, treated August 29, 1961.

and portions of the shoots were placed
with their bases in water. They were
immediately transferred to a chamber
in which the atmosphere was monitored
by an infrared gas analyzer, for photosynthesis and respiration studies. Green
mistletoe apparently requires about 800

foot-candles of light for photosynthesis
to balance respiration. Greenhousegrown blue oak and interior liveoak
required less light to achieve such balance than did green mistletoe; the oaks
also fixed more carbon per unit of fresh
weight than did the mistletoe.

COMPARISON OF TRANSLOCATION DATA:
DWARF AND GREEN MISTLETOES
Normal and Mistletoe-infected
Host Trees
There was no indication that the green
mistletoes influenced translocation of
C1 4 in infected branches. This was also
true with dwarf mistletoe except during
the summer. Most of the host shoot

growth comes from food supplied by
old needles-reserves and current assimilates (in red pine, Kozlowski and
Winget, 1964). The additional drain
made on the food supplied by dwarf
mistletoe to nourish its endophytic system, aerial shoots, flowers, and fruit can
result in no food available for trans-
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TABLE 11
SELECTED EXAMPLES OF TRANSLOCATION OF C14-LABELED ASSIMILATES
IN GREEN MISTLETOE SHOOTS TWO WEEKS FOLLOWING LABELING

Intensity of autoradiographs"

Host and stage of growth

Blue oak:
Dormant ........... .......... ..........
Dormant] ....................... .......
Dormant§ ..................... .. .....
.A.ctive ................... .............
Active ............................. ......
Postactive .......................... .....
Postactive ...................... .. .......
California black oak:
Dormant ................................
Interior liveoak:
Dormant ................................
California black walnut:
Bud-break ...............................
Early growth ...........................
Full leaf .................................
Incense cedar:
Active ...................................
White fir:
Active ...................................
Macnab cypress:
Dormant ................................
Active ...................................
Active ...................................
Postactive ...............................

Host stem

Date of
labeling

Mistletoe

Above
infection

Base of
stem

Endophytic
system

2/63
2/63
2/63
5/63
5/64
7/61
8/63

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
1
1
5-7
7
0-7
0-7

0
0
0
0
1
0
0

3/62

0

0

2-4

0

3/62

0

0

2-4

0

3/61
4/61
6/61

0
0
0

0
0
0

7
1-7
0

0
0
0

8/62

0

0

5

0

8/62

0

0

0-7

1

3/62
5/64
7/62
8/62

0
0
0
0

0
0
0
0

0-6
7
0-7
0-7

0

Aerial
shootsj

1

0
0

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p, 118.
t Treated portion of green mistletoe shoots was always 7 (dark autoradiograph). Data are for shoots not connected with
treated shoots.
t Branch collected 44 days after labeling of mistletoe.
§ Branch collected 80 days after labeling of mistletoe.

port basally beyond the infected areas
during the summer.
.
The downward rate of translocation
in white fir branches (whether infected
by dwarf mistletoe or not) was considerably faster during the winter than during the summer and fall (table 5). The
rapid rate continued' until after the
beginning of shoot growth in the spring.
This marked drop also occurred in infected red fir, ponderosa pine, and J effrey pine (table 3). Nelson (1964)
reported translocation to the roots of
conifers before growth began, but not
when shoot growth was rapid.
The slow rate of translocation in white
fir in the fall may have been the result
of moisture stress on photosynthesis
(Kramer, 1964; Clark, 1961) or directly

upon translocation (Kramer, 1964).
Summer rainfall is low in the Sierra
Nevada, and could cause moisture
stresses in the trees.
The evidence indicates that dwarf
mistletoe infections do not act as physical blocks to translocation. When such
blocks do occur, they appear to be temporary and to depend on the capacity
of the mistletoes to compete with the
host tissues for food. 'I'hus such blocks
are strong sinks. The translocation of
assimilates presumably will be most frequently blocked by (1) large, active
infections, (2) unusually large requirements by host tissues because of vigorous growth, and (3) reduced photosynthetic activity of the host, whether temporary or permanent.
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Fig. 15. Mounted plants (above) and autoradiographs (below) of branches infected with green
mistletoe (Phoradendron). Terminal portion of mistletoes (above arrow) was exposed to C1402 ;
collections were made two weeks later. A. P. fiavesoens var. macrophyllum on California black
walnut treated March 17, 1961, at time of bud-break of the walnut. Note translocation into endophytic system of mistletoe. B. same as (A) above, but treated June 6, 1961. Note absence of any
downward translocation in mistletoe shoots. C. P. juniperinum var. libocedri on incense cedar
treated August 17, 1962. Note downward transport into endophytic system.
·

Translocation into Dwarf and
Green Mistletoes
Green mistletoes accumulated no assimilates (or only traces) from their
hosts. When traces of label did appear,
they may have arrived via the xylem.
Miller (1938) cited several references
on the occurrence of sugar in the xylem
sap of trees, especially in the spring.
In contrast, the dwarf mistletoes obtained large quantities of photosynthate from their hosts at all seasons of
the year. The storage of food reserves
in the endophytic system during the
winter enables dwarf mistletoes to grow
rapidly when conditions become suitable. The endophytic system probably

grows very little on conifers in the high
Sierra Nevada during the winter. Howeyer, the endophytic system in digger
pine (present at low elevations; see table
1) grows about as rapidly during winter
as during summer (Scharpf, 1962b).
The accumulation of food reserves by
the endophytic system during winter
was about the same on digger pine (low
elevation) as on white fir (high elevation). This similarity in food storage
suggests that growth of the endophytic
system in white fir does not stop completely during winter.
Most of the food materials are probably absorbed by the endophytic system
of dwarf mistletoes at the point where
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TABLE 12
SELECTED SAMPLES OF TRANSLOCATION OF CU-LABELED ASSIMILATES
BETWEEN GREEN MISTLETOES AND THEIR HOSTS AS INFLUENCED
BY DEFOLIATION OF INFECTED BRANCHES
(Radioactivity determined two weeks after labeling)

Intensity of autoradiographs"
Defoliated
Growth stage and treatment of
host and mistletoe

Mistletoe
Host
stem

Macnab cypress:
Host foliage treated t
Dormant .........................
Active ............................
Acti ve (base host stem girdled) t ..
Mistletoe treated
Dormant .........................
Active ............................
Acti ve (base host stem girdled) II ...
Blue oak:
Host foliage treated]
Active t3 reps.) ........ , ..........
Mistletoe treated
Active (3 reps.) ........ , ..........

Not defoliated
Mistletoe
Host
stem

Endophytic
system

Aerial
shoots

2
7
7

1
2
2

1
1
1

0
0
0

4
7
7

O§

1
1

..

..

7

1

0

0

0

0

0

7

It

0

0

0

1
0

Endophytic
system

Aerial
shoots

1

1
0

0

..

..

..

0
0

4
7

0
1
"

• Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p, 118.
t Host foliage on uninfected main stem. Data on autoradiography are for infected lateral branches.
t Girdle was below point at which defoliated infected branch joined normal branch treated with C 140 2.
§ Nontreated lateral shoots.
II Girdle at base of infected branch.

the filamentous strands and sinkers pass
through the active phloem (fig. 18A).
Other details on anatomy may be found
in Kuijt (1960), Srivastava and Esau
(1961), and Scharpf (1963a).
The aerial shoots of dwarf mistletoes
accumulated label most actively during
the summer, possibly because of the requirements for shoot growth and flower
production on both male and female
plants, and for fruit development on the
females. High levels of label accumulated in the fruit.
Removal of the dwarf mistletoe shoots
resulted in enhanced accumulation of
label by the endophytic system (table
4 and Hull and Leonard, 1964b), whereas covering the shoots with aluminum
foil had little effect (table 4). The increased accumulation may have been
due to removal of a sink or it may have
resulted from a shift in the hormone
balance following shoot removal.

Removing the aerial shoots of green
mistletoes did not induce the endophytic
system to accumulate more than traces
of label from the hosts (table 10).
Whether these traces have any nutritional significance remains to be determined. In this connection, Wagener
(1925) reported that a green mistletoe
on incense cedar had apparently remained alive in the bole for 100 years,
without aerial shoots.

Translocation within and between
Mistletoes and Hosts
Dwarf and green mistletoes both
carry on photosynthesis, but the former
does so at a rate far below that necessary for its own nutrition (Hull and
Leonard, 1964b). In green mistletoes,
photosynthesis is in excess of respiration, but the CO 2-compensation point
appears to be greater than that of the
host foliage (table 14). This relation-
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Fig. 16. Mounted plants (above) and autoradiographs (below) of blue oak branches infected
with green mistletoe (Phoradendron). All shoots with foliage on infected branches were removed
before treatment. Host foliage (above arrows on nondefoliated branch) and mistletoe shoots
(above arrow on defoliated branch) were exposed to C140 2 ; collections were made two weeks later.
A. host foliage treated May 25, 1964. Note translocation up infected lateral branch (d), but
near-absence of label in mistletoe. Infected branch was defoliated 11 months before experiment.
B. control. Note faint pseudoautoradiographs. C. same as (A), with appreciable label in a new
host branch (b) that developed during two-week treatment period. D. host foliage treated July
1, 1963, and collected 10 days later. Defoliated branch (d) had mistletoe shoots and leaf-containing host shoots removed 33 days before treatment. E. mistletoe shoot (above arrow) treated
May 24, 1964, on a branch free of host foliage. Branch defoliated 11 months before treatment
wi th C140 2 • F. same as (E), except girdled (g) as well as defoliated.

ship is suggested by the fact that the
largest green mistletoe plants are located on their hosts in places where they
receive appreciable light-for example,
those on the tops of white fir (fig. 19).
Apparently no such relationship occurs
on deciduous hosts, probably because
the green mistletoes receive several
months of full sunlight during the leaffree period or dormant season. On incense cedar and Macnab cypress the
relationship also fails to hold, but the
host foliage is quite open and light intensities are high throughout the canopies.
Dwarf mistletoes receive almost all of

their organic carbon from their hosts,
whereas green mistletoes apparently
receive only traces. In dwarf mistletoe
the carbon is picked up by the endophytic system, in which it may become quite
concentrated. It moves from the endophytic system into the aerial shoots at
all times of the year, the rate of movement being least in winter and greatest
during late spring and summer. The
path of translocation must be in living
tissues, since steaming the bases of the
shoots prevented any movement of assimilates into them. The label concentrates at the nodes of the aerial shoots
at all times of the year, and is especially
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TABLE

SELECTED EXAMPLES OF TRANSLOCATION OF P 320 4 FOLLOWI~G
APPLICATION TO FOLIAGE AND CUTS IN STEMS OF HOST PLANTS,
AND TO GREEN MISTLETOES
(Treatment was for seven days during period of active growth)
Intensity of autoradiographs"

----------------------Host stem
------------

Point of application

Macnab cypress:
Foliage ....
Cut in stem below endophytic system .. ...
Mistletoe ..
......... .......
Blue oak:
Foliage ..
Cut in stem below endophytic system ..
Mistletoe ..
...........

Above
infection

Below
infection

'7

2
6

7
1

..

1

Mistletoe
Endophytic
system and
host stem]

Aerial
shoots

7
7
7

7
..

2

t

7

7

j

7
0

7
2

0

2

7

..

* Radioactivity ratings are on a scale from 0 to 7, on the basis of counts per minute per mg. For a fuller explanation,
see text, p. 118.
t Reading includes both host and mistletoe tissues since no clear separation can be made when using P32.

concentrated in the male and female
flowers and in the fruit. Cross-sections
of the shoots show a uniform concentration of label except at the center, where
xylem is located and concentration is
less intense (fig. 18B).
Exposure of both dwarf and green
mistletoe shoots to C1 40 2 in sunlight
resulted in the formation of labeled
sugars. From 40 to 50 per cent of the
label in dwarf mistletoe shoots was
found to be sucrose (Hull and Leonard,
1946b). No study of sugar content was
made on green mistletoes.
Numerous experiments conducted at
all times of the year failed to show any
indication of basipetal flow of labeled
assimilates in dwarf mistletoe shoots.
Furthermore, such flow could not be
induced bv covering the host foliage
with aluminum foil or by defoliation to
create carbohydrate deficiencies in the
host (fig. 10). Upward translocation
occurred in the exposed shoots, and resulted in the same distribution of label
as that translocated through the endophytic system. Label was present in the
outermost parts of the shoots, however,

in contrast to the more general distribution when label came from the endophytic system.
In green mistletoes, translocation was
generally downward, with movement
into the endophytic system (fig. 15 and
table 11). In many instances the apices,
flowers, and fruit in the C1 40·2-treated
part of the shoot were more intensely
labeled than were other parts of the
treated area. This type of labeling suggests that both upward and downward
movement had occurred in the same
shoots. In one experiment the movement
was entirely apical (fig. 15B). Downward transport resulted in varying degrees of labeling of the endophytic system in different experiments (table 11) ,
probably reflecting the relative competition for food by the mistletoe shoots
and the endophytic systems. Usually
only a portion of the endophytic system
was labeled by treatment of a single
shoot. 'I'his was to be expected since
other shoots could nourish those parts
of the endophytic system with which
thev were most closely associated.
Movement of assimilates from the
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green mistletoe into the host branches
was not significant, but traces of label
were present in tissue directly associated with the endophytic system. No
evidence was obtained that assimilates
could move from dwarf mistletoes into
their hosts. Evidently, materials within
both dwarf and green mistletoes tend
to remain there.

Nutrition of Foliage-free,
Infected Branches

Fig. 17. Mounted plants (above) and autoradiographs (below) of blue oak branches
infected with Phoradendron fiaoescens var.
villosum. Autoradiographs indicate translocation of P 3204 during a two-week period following its application to foliage and cuts in the
stem of the host, and to mistletoe shoots. Applications were made May 25, 1964. A. host foliage treated (above arrow-discarded). Note
limited uptake by endophytic system (e). B.
mistletoe shoot treated (above arrow-discarded). Note absence of any movement of
label into host from mistletoe. C. application
made to a cut in stem (arrow). Note intense
movement into both host and parasite above
point of application.

The current studies have thrown much
light on the effect of mistletoes on
the nutrition of infected, defoliated
branches. Mistletoe-infected, defoliated
host branches received nourishment exelusively from normal host branches.
Such branches infected with dwarf mistletoes imported assimilates at all seasons of the year; those infected with
green mistletoes imported appreciable
assimilates (or P 3 20 4 ) only during
the growing season. The behavior of
branches infected with green mistletoe
was identical with that of similar but
noninfected branches with respect to
the importation of labeled assimilates
or P 3 20 4 • Apparently neither the green
nor the dwarf mistletoes contributed
to the nutrition of host branches that
were free of foliage.
The nutrition of defoliated infected
and noninfected branches is similar to
that of stumps connected to trees by
root grafts, which may remain alive for
years and continue to grow. Bormann
and Graham (1959) describe such grafting in eastern white pine.

TRANSLOCATION AND POTENTIAL
CHEMICAL CONTROL
For successful chemical control of
mistletoes, herbicides must be toxic to
the parasites and noninjurious to hosts.
Such herbicides should be readily absorbed, translocated, and slowly degraded. Differences in the organic nu-

trition of dwarf and green mistletoes
might determine how such sprays could
best be applied.
Foliar application is desirable because
an area can be treated rapidly with
moderate uniformity and at a relatively
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TABLE

14

CHANGES IN CO2 CONCENTRATION OF AIR IN 10 MINUTES BY 10 GRAMS
OF DETACHED SHOOTS OF GREEN MISTLETOE, BLUE OAK,
AND LIVEOAK UNDER DIFFERENT LIGHT INTENSITIES
Changes in C02 concentration at:
Plant species

Green mistletoe ........................................................
Blue oak ........................ ......................................
Interior liveoak ........................................................

. low cost. Ideally, with dwarf mistletoe
infections, the therapeutants should be
applied when the aerial parts of the
hosts are dormant, so that a greater percentage of the material will accumulate
in the mistletoes. Winter and spring
are preferable application seasons because translocation rates in conifers are
faster (table 5, white fir) at those times,
and relative humidity is likely to he
higher. (High relative humidity favors
absorption. )
Foliar applications on hosts infected
with green mistletoe would be best during winter for deciduous hosts, and early
in the growing season for evergreen
hosts. The determining factor on deciduous hosts is that the absence of host
foliage would permit coverage of the
mistletoes by the sprays. With evergreen hosts, spray applications must be
made at a time that is best for absorption and translocation in the mistletoes
-apparently during rapid shoot growth
of the hosts. Foliar applications would
be most effective on infections near the
ends of branches and at the tops of trees.
Direct application of sprays to the
bark presents at least two problems: (1)
the living tissues in the bark must be
able to tolerate high concentrations of
the therapeutants at the point of application; (2) only a low percentage of the
material is able to penetrate bark, except where it is thin. Quick (1964)
found that the isooctyl ester of 2,4,5-TB
was promising for controlling dwarf
mistletoes only when the infections
themselves were sprayed.

oft.-c.

800 ft.-c.

10,000 ft.-c.

per cent

per cent
0
-8
-10

per cent

+5
+5
+8

-7
-28
-33

Therapeutants may be applied directly to host wood as a control for both
dwarf and green mistletoes. This method
is being used in Australia to control
mistletoe on eucalyptus (Brown, 1959).
In our research it was found to be a
highly effective method of introducing P 3 2 0 4 and S 3 5 0 4 into dwarf and
green mistletoes. Evidence from several
sources indicates that in California the
optimum period for application might
extend from winter dormancy through
active shoot growth (Leonard and Harvey, 1965). Such applications should
be made to relatively moist wood at
depths sufficient to avoid injury to the
host bark. Possible injury should be
further reduced by increasing the number of points of application per stem
(Greenham and Brown, 1957). The
current research showed a marked difference in concentration of the label in
different parts of the host branches and
mistletoes following single-point applications of P 3 2 0 4 and S 3 5 0 4 to the host
wood. Single-point applications of P 3 2 0 4
to 20 em-diameter blue oak resulted in
75 to 100 per cent of the foliage becoming labeled in two weeks (Leonard,
Glenn, and Bayer, 1965); however, at
least a 500-fold difference in concentration of the label was found in different
leaves. Winter application of therapeutants to mistletoe-infected evergreen
trees should be less injurious than applications during the growing season. Less
injury should result within a given time
period because of the lower temperatures and metabolism rates, which per-
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Fig. 18. Photomicrographs of dwarf mistletoe. A. cambial region of red fir infected by Arceuthobium campylopodum. Arrow points to a sinker passing through host phloem. It is here that
most of the food exchange between host and mistletoe occurs. B. cross-section of aerial shoot of
A. americamum on lodgepole pine. Arrow points toward central cylinder, central portion of which
is xylem.

149

HILGARDIA • Vol. 37, No.4· December, 1965

mit time for redistribution of the therapeutants before injury can develop.
Greenham and Brown (1957) noted that
a considerable redistribution of F59Cl3
occurred in the course of one year in
mistletoe-infected eucalyptus. In view
of the above considerations, multipoint
deep 'application of therapeutants to the
wood of mistletoe-infected evergreens
during the winter shows promise because it should (1) result in minimum
damage to the bark at the point of application; (2) reduce the concentration of
the therapeutants received by leaves
and branches; (3) allow time for redistribution when host tissues are least
likely to be damaged; and (4) present
no hazard to adjacent vegetation. A
further advantage is that very large
trees could be safely and easily treated.
The same method should be feasible for
deciduous trees, but with applications
following the rapid spring growth, to
reduce possible damage to developing
tissues.
Single-point applications are especially attractive as a potential control
method from the economic point of view.
A single injection per stem of a toxic
herbicide, picloram, in winter, was adequate to control madrone t Arbuius
menziesii) and to kill most of the foliage
on tan oak (Liihocarpu« densiftora) but
not on interior liveoak (Leonard and
Hull, unpublished). Vite and Rudinsky

(1959) indicate that marked variation
appears in the translocation pattern of
acid fuchsin applied to the bases of
trees, with the complete circumference
being colored in some species. However,
acid fuchsin is not subject to the same
redistribution that is possible with
highly phloem-mobile substances such
as p 3 2 0 4, S 3 50 4, and maleic hydrazide.
It is suggested that the potential for
redistribution of highly mobile, low
host-toxic therapeutants is far greater
than the dye experiments of Vite and
Rudinsky (1959) indicate. Single-point
application is sufficiently promising to
be worth considerable exploration.
The ideal therapeutant will probably
never be found. Host tissues are usually
not completely immune to selective materials, and their possible toxicity to the
hosts must be considered. Applications
to the wood and to dormant foliage
should be more selective than those
made to foliage during the growing season, or to the ba.rk. Substances entering
the dwarf and green mistletoes remain
within them, but the parasites do not
represent an important avenue of detoxification of therapeutant with respect
to the host. The main hope of reducing
toxicity to the host lies in obtaining
sufficient redistribution of the therapeutant before localized injury can
become important.

SUMMARY
Eight hosts of dwarf mistletoe (Arceuihobium. spp.) and eight hosts of
green mistletoe (Phoradendron spp.)
were studied at different times of the
year, following application of various
labeled substances to the host foliage,
bark, and wood, and to the mistletoe
shoots. Radioactive materials used were
C140 2 , p 3 2 0 4, S 3 50 4 , and C14-labeled
herbicides.
Dwarf mistletoes were found to derive their organic nutrition largely from
their hosts, whereas green mistletoes
manufactured their own carbohydrates.

The endophytic system and aerial shoots
of dwarf mistletoe accumulated labeled
assimilates from hosts at all seasons of
the year. Under the same conditions,
only tra.ces of label were found in green
mistletoes.
Dwarf mistletoe shoots carried on limited photosynthesis, but no labeled
assimilates migrated basally in the endophytic system. In green mistletoe, assimilates did migrate basally to the endophytic system, but not to the hosts.
In treatment of dwarf mistletoe shoots
with P 3 20 4 results were similar, but

Fig. 19. Trees infected with green mistletoe (Phoradendron). A. P. bolleanum yare pauciftorum
on white fir. Note dead top, heavy mistletoe infection (arrow), B. P. ftavescens yare villosum on
California white oak. Note random distribution of large infections over deciduous oak. C. P.
juniperinum yare libocedri on incense cedar. Large infections occur randomly over this relatively
open-crowned evergreen. D. P. fiaoescens yare villosum on California black oak. Large infections
occur randomly over this deciduous oak.
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some migration from shoots to hosts
occurred-evidently via the apoplast,
since steaming the shoot bases did not
prevent such movement.
Defoliated host branches infected by
either dwarf or green mistletoe obtained
food supplied from other host branches,
not from the mistletoes. During winter
and spring, defoliated branches with
dwarf mistletoe imported large quantities of label, but those with green
mistletoe imported very little.
Except in the period shortly after
bud-break in the spring, translocation
in' the hosts was not appreciably affected
by either type of mistletoe infection. At
that time, however, label migrated (in
two weeks) from treated foliage down
stems into, but not beyond, the mistletoe infection.
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Only traces of label were absorbed
and translocated into dwarf mistletoe
following application of labeled herbicides to host bark.
Poor absorption and translocation
occurred with labeled herbicides applied
to white fir foliage. The only appreciable
movement from treated foliage to dwarf
mistletoe occurred with amitrole, and
then only under high humidity. Rates
of translocation of assimilates were
similar in infected and noninfected
branches of white fir. Rates were highest
in winter and spring, lowest in summer
and fall.
A light intensity of about 800 footcandles was required to balance respiration and photosynthesis in green mistletoe.
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