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ABSTRACT

Soil treatments with benomyl at concentrations of
308 to 382 kg/hectare applied to large nursery American
elms prior to bud-break in the spring resulted in signif-
icant protection without phytotoxicity following inocula-
tion with Ceratocystis wulmi. Thiabendazole [2-(4-

Thiazolyl)-benzimidazole] at equivalent concentrations
was inactive in these trials. Chemical analysis and
bioassays failed to detect benomyl or antibiosis in
branches cut from treated trees at the time of inoculation.
Phytopathology 61: 1351-1354.
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Benomyl has been intensively investigated for
control of plant diseases (2, 3, 5), and its systemic
fungicidal capabilities in plants treated by soil or
foliar application have been well documented (3, 4, 5,
6, 9, 12). It has even been shown to be effective in
suppressing or reducing symptoms in the difficult-to-
control vascular wilt diseases (1, 2,5,6,8,9,12, 14).
Several of these reports have suggested that benomyl
might be effective in the practical control of Dutch
elm disease. Hock & Schreiber (7), however, on the
basis of a 1-year study with inoculated nursery elms,
concluded that benomyl was ineffective for control
of Dutch elm disease when applied to the soil or
injected in 50% ethanol into the trunk. I report here
the results of benomyl treatments (covering four
growing seasons) to control Duich elm disease in
large, inoculated nursery elms.

MATERIALS AND METHODS.—American elms
(Ulmus americana L.) (6.4 to 10.2 cm diam breast
height) used in these investigations were planted in
1958 as whips 2.7 to 3.7 m apart in nursery rows 9.1
m apart at the University of Wisconsin Arlington
farms. Except for the benomyl trunk implantation
series, trees in a given treatment were utilized in
four-tree units covering 14.6 m of nursery row. Such
four-tree treatment blocks and controls were
randomly scattered throughout a 2.02-hectare plant-
ing to provide wide separation of treatments. Trees
for trunk implantation were located in a single block
of 10 treated elms alternating with 10 untreated
controls.

Soil treatments were applied prior to bud-break in
the spring as soon as the soil could be worked (2 May
1967; 26 April 1968: 6 May 1969). Chemicals
suspended in 18.9 liters of water for each treatment
block were dispersed evenly over 134 m2(14.6 m x
9.1 m) of soil surface in 15.2-cm deep trenches 15.2
cm apart across the nursery row. The soil type in the
treatment area was a well-drained Plano-silt loam.
Benomyl for trunk implantations was applied in a
thick slurry (2.5 g/tree) in two 2.5-cm diam x 5.1-cm
deep holes drilled at a 45 degree angle in the lower
trunk.

Elms were inoculated at the anticipated peak of
susceptibility (15 June 1967; 6 June 1968; 5-9 June
1969) at two points in different branches in the
upper crown in wounds (0.16 ¢cm x 0.63 cm deep)
with a conidial suspension of Ceratocystis ulmi
(Bues.) C. Moreau (ca. 10® spores/ml). Conidial
suspensions were prepared from a mixture of eight
isolates of the pathogen from various Wisconsin
localities. Cultures were freshly prepared from
infected elm branches which had been previously
stored frozen (=15 C) in sterilized, sealed jars. Disease
was rated through the growing season following
treatment as follows: (i) the number of trees develop-
ing limited or systemic wilt; (ii) the degree of crown
damage; and (iii) the number of dead or living
wilt-free trees.

Because of the limited amounts of fungicide
available, the 1967 soil treatments assessed the action
of benomyl (382 kg/hectare active material);
Thiabendazole [2-(4-Thiazolyl)-benzimidazole] (183
kg/hectare active material); Chemagro 6820 (1,
2-dichloroethyl-p-chlorophenyl sulfone) at 58
kg/hectare; Chemagro 6698 (2,4-dichloro-6-nitro-
phenylphenoxy acetate) at 67 kg/hectare; and Fin-
trol-5 (antimycin A) at 24 kg/hectare; in single four-
tree treatment blocks, at the manufacturer’s sug-
gested dose. In 1968, the benzimidazole fungicides
were contrasted at more comparable doses (benomy!
at 308 kg/hectare, Thiabendazole at 412 kg/hectare)
utilizing five four-tree blocks/compound or control.
Sufficient benomyl was available in 1969 to complete
a dosage-response experiment (0, 1, 11,56, 112,224
kg/hectare). Five four-tree blocks were treated/dose.
Branch samples for bioassay and chemical determina-
tion of benomyl concentrations were cut from one
tree in each block of the dose-response trial at the
time of inoculation and stored frozen (=15 C) in
sealed polyethylene bags. Bioassay procedures were
similar to those described by Hock et al. (9), and
chemical extractions and analysis for benomyl fol-
lowed the colorimetric procedures of Pease & Gardi-
ner (10). Untreated branch samples spiked with
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TABLE 1. Occurrence of symptoms of Dutch elm disease in inoculated American elms treated with systemic fungicides by

soil application and trunk implantation

Dates of symptom observations

1 Sept. 1967 28 Aug. 1968
Trees with Avg Avg
systemic crown Trees crown
Treatment Trees wilt damage dead damage
no . no. % no. %
Soil application2
Control (no treatment) 24 15 42 10 45
Antimycin A (23 kg/hectare) 4 2 50 3 75
Chemagro 6698¢ (67 kg/hectare) 4 3 75 3 75
Chemagro 68204 (58 kg/hectare) 4 2 48 2 50
Thiabendazole® (183 kg/hectare) 4 2 31 2 50
Benomyl (382 kg/hectare) 4 0 2 0 0
Trunk implantationb
Control (no treatment) 10 7 54 7 70
Benomyl (2.5 g/tree) 10 4 40 6 60

ATreated 2-5 May 1967; inoculated 15 June 1967.
bTreated 16 May 1967; inoculated 15 June 1967.
€2,4-dichloro-6-nitrophenylphenoxy acetate.

analytical-grade benomyl served as controls for the
analysis procedures.

RESULTS AND DISCUSSION.—None of the elms
treated in 1967 soil applications of benomyl (382
kg/hectare) developed systemic wilt, and all trees
remained healthy during the season following treat-
ment (Table 1). By the end of 1968, the inoculated
untreated elms or elms treated with the soil appli-
cations of antimycin A, Chemagro 6698, Chemagro
6820, and Thiabendazole had developed 45% or more
crown damage, and almost half the trees were dead.
The Thiabendazole-treated elms had a slightly
reduced average crown damage as compared to
controls during 1967, but these differences dis-
appeared the following year. Benomyl trunk implan-
tations slightly reduced the numbers of trees develop-
ing systemic wilt, but these differences also dis-
appeared. General disease levels in the 1967 treat-
ments were somewhat low (45% crown damage in
controls) indicating that the highest level of Dutch
elm disease susceptibility had passed prior to inocula-

d1,2-dichloroethyl-p-chloropheny] sulfone.
€2-(4-Thiazolyl)-benzimidazole.

tion. In spite of this, the benomyl “control effect”
indicated above was impressive.

The more extensive soil treatments with benomyl
and Thiabendazole in 1968 produced results similar
to those obtained in 1967 (Table 2). In this series, the
general level of disease was quite high (79% crown
damage in controls), and elms were probably near
their peak of susceptibility. The level of control
obtained from the benomyl treatments in the season
of treatment, however, declined somewhat the next
year. Disease development in the Thiabendazole
treatments was extensive, and did not differ from the
unireated controls.

The dose-response benomyl soil treatments in
1969 largely confirmed the results of the earlier trials.
No reduction in disease was evident until benomyl
dosages reached 224 kg/hectare or higher (Table 3).
Reduced amounts of crown damage as compared to
controls were recorded at 224 kg/hectare during
1969, but these effects disappeared in 1970. At 336
kg/hectare, the control effects slightly exceeded those

TABLE 2. Occurrence of symptons of Dutch elm disease in inoculated American elms treated with substituted

benzimidazole fungicides by soil applicationa

Dates of symptom observations

28 Aug. 1968 8 Oct. 1969

Trees with Avg Avg

systemic crown Trees crown
Treatment Trees wilt damage dead damage

no. no. % no. %

Control (no treatment) 20 16 72 15 79

ThiabendazoleP(412 kg/hectare) 20 17 75 16 80

Benomyl (308 kgfhectare) 20 10 31 9 50

ATreated 26 April 1968; inoculated 6 June 1968.
b2-(4-Thiazolyl)-benzimidazole.
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TABLE 3. Occurrence of symptoms of Dutch elm disease
in inoculated American elms treated by soil application with
different concentrations of benomyl

Dates of symptom observations

8 Oct. 1969 6 July 1970
Trees with  Avg Avg
systemic crown Trees crown
Treatment? Trees wilt damage dead  damage
kglhectare  no. no. % no. %
0 20 13 54 13 65
1 20 13 51 11 59
11 20 16 65 15 80
56 20 16 56 15 75
112 20 15 63 15 75
224 20 13 40 11 60
336 20 8 21 6 33

aTreated 6-9 May 1969; inoculated 6 June 1969.

obtained at 308 kg/hectare the previous year, and
these levels did not change during the 1970 season.

No phytotoxicity was evident from any of the soil
treatments in these studies with any of the chemicals
tested. Benomyl treatments at 224 kg/hectare or
higher in inoculated elms consistently resulted in
more surviving elms and lower levels of crown damage
than untreated controls. Some trees, however, died in
most benomyl treatment blocks except at the highest
dose (382 kg/hectare) in which all trees survived. No
benomyl could be detected in any of the 35 branch
samples cut from trees at the time of inoculation in
the 1969 dose-response trial. This proved to be the
case for both the bioassay technique for analysis (9,
11) and for the complex extraction and colorimetric
chemical analysis (10). From this, and from the fact
that treated trees died occasionally, it could be con-
cluded that benomyl concentrations in the elm
branches were quite low at the time of inoculation
even at the highest levels of soil application (336
kg/hectare), and probably never exceeded 0.1
mg/kg, the reported sensitivity of the chemical
analysis (10). In general, these results were similar to
those of Biehn & Dimond (1), but contrary to those
reported by Hock & Schreiber (7). Biehn & Dimond
(1) applied benomyl at 291 and 454 kg/hectare (260
and 405 1b./acre), and Hock & Schreiber (7) at 434
kg/hectare (90 g/26 ft?). Possibly Hock & Schreiber’s
mid-June treatments were applied too late to obtain
adequate distribution of the fungicide in the tree
prior to C. ulmi infection.

None of the other soil fungicides used in these
trials resulted in control of Dutch elm disease. Even
Thiabendazole, a compound chemically related to
benomyl, applied at 412 kg/hectare failed to protect
the inoculated elms from the fungus. However, at this
concentration it proved to be a highly effective
herbicide against Taraxacum officinale Weber.
Benomyl trunk implantations also failed to control
the disease (Table 1), as did injections reported by
Hock & Schreiber (7).

The degree of protection achieved by benomyl soil
treatments, although consistent in three seasons of
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treatment, was not as high as might have been hoped
for in a chemical to be used in the practical control of
Dutch elm disease. For example, in trials with similar
nursery elms, much higher levels of protection were
obtained with injections of the plant-growth regu-
lator, sodium 2,3,6-trichlorophenyl acetate (13).
The high rate of benomyl soil treatment necessary to
produce significant control would seem to limit the
potential usefulness of this type of treatment in
Dutch elm disease control to certain high-value elms.
In terms of scientific significance, however, benomyl
might constitute the first systemic fungicide to be
recognized with capability of producing significant
practical protection in large, field-grown American
elms inoculated with C. ulmi. Its actual mechanism of
action needs to be clarified, and a more effective
means of introducing the chemical into elm trees
needs to be discovered.

LITERATURE CITED

1. BIEHN, W. L., & A. E. DIMOND. 1971. Prophylactic
action of benomyl against Dutch elm disease. Plant
Dis. Reptr. 55:179-182.

2. BUCHENAUER, H., & D. C. ERWIN. 1971. Control of
Verticillinm wilt of cotton by spraying foliage with
benomyl and thiabendazole solubilized with hydro-
chloric acid. Phytopathology 61:433-434.

3. DELPH, C. 1., & H. L. KLOPPING. 1968. Performance
attributes of a new fungicide and mite ovicide candi-
date. Plant Dis. Reptr. 52:95-99.

4. CLEMONS, G.P., & H. D. SISLER. 1969. Formation of
a fungitoxic derivative from Benlate. Phytopathology
59:705-706.

5. ERWIN, D. C.,, H. MEE, & J. J. SIMS. 1968. The
systemic effect of 1-(butylcarbamoyl)-2-benzimidazole
carbamic acid, methyl ester, on Verticillium wilt of
cotton. Phytopathology 58:528-529.

6. ERWIN, D. C,, I. I. SIMS & J. PARTRIDGE. 1968.
Eviqence for the systemic, fungitoxic activity of
2-(4 -Thiazolyl)-benzimidazole in the control of
Verticillium wilt of cotton. Phytopathology
58:860-865.

7. HOCK, W. K., L. R. SCHREIBER. 1971. Evaluation of
benomyl for control of Dutch elm disease. Plant Dis.
Reptr. 55:58-60.

8. HOCK, W. K., L. R. SCHREIBER, & B. R. ROBERTS.
1970. Suppression of Dutch elm disease in American
elm seedlings by benomyl. Phytopathology
60:391-392.

9. HOCK, W. K., L. R. SCHREIBER, & B. R. ROBERTS.
1970. Factors influencing uptake, concentration, and
persistence of benomyl in American elm seedlings.
Phytopathology 60:1619-1622.

10. PEASE, H.L., & J. A. GARDINER. 1969. Fluorometric
and colorimetric procedures for determining residues
of benomyl. J. Agr. Food Chem. 17:267-270.

11. PETERSON, C. A., & L. V. EDGINGTON. 1969.
Quantitative estimation of the fungicide benomyl
using a bioautograph technique. J. Agr. Food Chem.
17:898-899.

12. SIMS, J. J., H. MEE, & D. C. ERWIN. 1969. Methyl
2-benzimidazolecarbamate, a fungitoxic compound
isolated from cotton plants treated with
methyl-1-(butylcarbamoyl)-2-benzimidazolecarbamate
(benomyl). Phytopathology 59:1775-1776.

13. SMALLEY, E. B. 1962. Prevention of Dutch elm disease



1354 PHYTOPATHOLOGY [Vol. 61

by treatments with 2, 3, 6-trichlorophenyl acetic acid. methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate
Phytopathology 52:1090-1091. and thiabendazole in the control of Dutch elm disease.
14. STIPES, R. J. 1969. Chemotherapeutic patterns of Phytopathology 59:1560 (Abstr.).



