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objective of the study reported here
was to demonstrate a technique of
application and an amount of properly
diluted chemical (dosage rate) which
together will have the following
attributes'. (1) Maximum distribution
of the chemical to all susceptible parts
of the tree; (2) Optimal migration of
the chemical into new apical and
radial wood; (3) Effectiveness as a
curve for mature American elms
which are in an early state of infection
by the Outch elm disease fungus,
Ceralocy.ti. ulmi.

The overall objective is to
provide the users of these systemic
fungicides with dependable infor-
mation on how to best use them.

EXPERIMENTATION Three
injection techniques, trunk, ground
level and exposed root flare, and a
range of dosage rates were tested in
various combinations on groups of
healthy, mature, even-agedAmerican
elms. Label rates as well as rates
exceeding those suggested on the
label were evaluated. Most of the
trees injected are located on the
Minnesota State Fairgrounds and
have an average OBH (diameter at
4.5 feet above the ground) of 22.3
inches.

The bioassaytechnique consis-
ted of placing small sections of the
branch samples on agar plates which
had been covered with spores of
Ceratocysti, ulmi (Smalley, 1973.)
The development of the fungus on the
branch sections was a relative mea-
sure of the amount of chemical
present In that part of the tree.
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Between June and September,
1976, 11 naturally infected American
elms were treated with TBZ at the
triple therapy rate. Percent foliar
symptoms of Outch elm disease in the
crowns of these trees at the time of
injection varied between 5 and 15
percent. Six of the trees were
injected at ground level and five were
Infected through exposed root flares.
In most cases, the branches with
symptoms of the disease were
removed about two weeks alter
injection, but no effort was made to
remove all of the infected branches if
they were not wilting.

To assessthe distribution and
relative strength of the treatments
being tested, a sampling bioassay
technique was used to detect and
determine the percent distribution of
the chemical in the crowns of the
treated trees. There were five trees
in each group and 16 samples from
each tree for a total of 80 samples for
each treatment.

RESULTS. The bioassays
indicated that three high dose,
exposed root flare injection treat-
ments, one MBC-Ptreatment and two
TBZ treatments, provided detectable
quantities of the fungicide to practi-
cally all parts of the treated trees
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Some data not reported here,
as well as work by others, indicate
that MBC-P does not remain in the
tree very long, regardless of the
dosage used. It will not protect the
tree the year following treatment.
Bioassays in 1978 of frees lnjscted in
1977 will undoubtedly confirm this
conclusion.

The two highest TBZ dosages
rates (2 x Th. and 3 x Th.) can provide
detectable fungicide activity to the
most recent annual ring at least into a
second growing season.. The double
therapy rate (2 x Th.) will result in
detectable amounts of chemical more
than a year after treatment, but the
fungicide will not be as well distri-
buted or at levels as high as with the
triple therapy rate. Repeated bio-
assays during the 1977 growing
season indicated that the general
quality of the triple therapy rate (3 x
Th.), measured in terms of percent
distribution and relative levels of
activity, will remain relatively high
throughout the second growing sea-
son. If the apparent trend continues
appreciable chemical activity may
extend into a third growing season
after injection. Bioassaysin 1978will
determine whether or not these
trends are confirmed.

During the 1977 growing sea-
son, 2 of 11 diseased elms treated
therapeutically with TBZ in 1976
died, and one developed symptoms in
one additional branch. Symptoms of
Dutch elm diseasedid not reappear in
any of the other eight trees. The only
trees which wilted completely or
developed new symptoms of Dutch
elm disease had been injected at
ground level and all five of the trees
that were injected through exposed
root tlares survived through the 1977
growing season without retreatment
or recurrence of symptoms. On the
basis of bioassay and cultural exam-
inations of the trees that died
incomplete and uneven chemicai
distribution was the most probable
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reason for the failure of the fungicide
to save them. Even these elms may
havesurvived if the exposedroot flare
injection technique had been used.

SUMMARY: Most effective
injection technique: EXPOSED
ROOT FLARE. Most promising
chemical: "Arbotect" 2D-S. Most
promising dosage rate: 3 x MAXI-
MUM THERAPY LABEL RATE.
Chemical concentration: 3000 PPM
(1.92 fluid oz. Arbotectlgallon of
solution). Rate of application: 1.25
gallons of solution/inch DBH.

Although our research results
are incomplete and some important
questions remain unanswered, we
can draw some preliminary conclu-
sions on the basis of what we do
know. The data from those treat-
ments avaluated all seem to indicate
that exposed root flare iniection of
"Arbotect" 20-5 at the triple Therapy
rate will provide the most fungicide
for the longest time and will probably
yield the most satisfactory results.
Interpretation of the data is tentative
because the exact relationship be-
tween bioassay results and actual
resistance to infection in the tree has
not been established. Specific
conclusions about the significance of
bioassay results will be possible only
after artificial inoculation-bioassay
experiments have been completed.

To consistentiy effect a cure
for established Dutch elm disease
infections in mature elms, all parts of
the diseased tree must receive
enough chemical to both suppress
and inactivate the fungus and sub-
sequently provide the tree with the

opportunity it needs fa compartmen-
talize the infection and leave it buried
harmlessly in new wood. Exposed
root flare injection appears to be the
only practical method of affaining
satistactory chemical distribution.
There is also some evidence to
indicate that the resulting injury to
the free will be less severe and the
wounds will close more quickly than
wound in the main stem.

Our research results are cerro-
borating some reports from the
University of Wisconsin which indi-
cate that TBZ, the active ingredient in
"Arbotect" 20-5, has some physical
and chemical properties that are
highly desirable in a systemic fungi-
cide. The chemical will move into the
crown of the tree where it is neededto
combat the Dutch elm disease fungus
but it will not move into the leaves in
appreciable quantities (Nishijima,
1977). In addition, the chemical is
quite stable and will move into new
radial wood, provided the concen-
trations present initially are high
enough. The research results indio
cate that the ability of this fungicide
to move into new wood as the trees
grow is a function of the total dose
initially injected. The more fungicide
injected initially, the longer the
chemical activity will continue to exist
in the newest formed wood. Of the
dosage rates tested so far, the triple
therapy rates appears to maximize
this attribute of TBZ.

The most important advan-
tages of a long-lasting treatment
relate to cost and the need to
minimize the injury to trees from
wounds made in the injection process.
Shiga has clearly established that the

cent. on next page
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multiple injuries which result from
tree injection are serious wound from
which the tree can never completely
recover and that yearly injections to
prevent Dutch elm disease are
unacceptable to the well-being of the
tree (Shigo, 1977). Accordingly,
although the initial expense of the
triple therapy rate will be the most
costly (two 27" elms can be treated
with 1 gallon of "Arbotect" 20-S),
both the cost and the additional injury
caused by subsequent injections will
be avoided.

In contrast to the above
research results it is necessary to
indicate to all concerned that the label
is the law and that the data presented
here do not change the law. They do
indicate, however, that the label rates
wh ich have been approved may not
provide adequate levels of fungicide
to the treated tree.

--
DOSAGESCHEDULEFOR

..Arboto.t" 20-5 •,
Chemical concentration: 3000 PPM = 1.92 fluid oz. Arbotectfgallon
Rate of Application: 1.25 gallons (5 qts.l{inch DBH

Circumference DOH Gallons Fluid Ounces
(Inches) (Inches) of Solution "Arbotect" 20-S

31.4 10 12.5 24.0
34.6 11 13.75 26.4
'$7.7 '2 15.0 28.8
40.8 13 16.25 31.2
44 .• 14 17.5 33.6
47.1 16 18.75 36.0
50.3 16 20.0 38.4
53.4 17 21.25 40.8
56.6 " 22.5 43.2
53.7 19 23.75 45.6
62.8 2. 25.0 48.0
66.c at 26.25 50.4
69.1 22 27.' 52.8
72.3 23 28.75 55.2
75.4 24 JO .c 57.6
78.5 2' 31.25 60.0
81.7 26 32.5 62.4
84.8 27 33.75 64.8
88.0 28 35.0 67.2
91.1 2. 36.25 69.6
94.3 3. 37.5 72.0
97.4 31 38.75 74.4

100.5 32 -o.c 76.8
103.7 33 41.25 79.2
106.8 34 42.5 81.6
110.0 35 43.75 94.o
113.1 36 45.0 66.4
116.2 37 46.25 88.8
119.4 38 47.5 91.2
122.5 39 48.75 93.6
125.7 4. 50.o 96 .o
128.8 41 51.25 98.4
132.0 42 52.5 100.8

• Equivalentto threetimesme maximumthllrapv labelrate.

-
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Wisconsin Golf CourseSuperintendents Association

We, the members of the Wisconsin Golf Course Superintendents Association, depend upon the unity, as
well as the professionalism of our membership, to cultivate and maintain superior golf turf as well as golf
atmosphere.

The knowledge that is gained through continued education and experience in turfgrass maintenance
should be openly shared with mutual trust and comradarie among fellow members. To strive for further
and continued knowledge and excellence in all phases of golf course maintenance is our ambition. The
Proud legacy of our profession depends upon the pride and integrity which each individual takes within
himself.
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NORTHERN TURF EQUIPMENT. INC.
Route I, Box 152
Pardeeville, WI 53954 Phone: 608/429-3402

Route I, Box 89
Otippewa Falls, WI 54729 Phone: 715/834-8707




