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ABSTRACT In the March and April trials, a sixth
Gendloff, E. H., Ramsdell, D. C., and Burton, C. L. 1983. FungicidalcontrolofEutypaarmeniacae treatment of 500 macroconidia per
infecting Concord grapevine in Michigan. Plant Disease 67:754-756. pruning wound of F. lateritium suspended

in 5 gL sterile distilled water (SDW) was
Field trials were conducted at four different dates in the winter and early spring of 1979-1980 and applied. The F. lateritium culture was
also in 1981 in a commercial vineyard at Lawton, MI. In the 1979-1980 trials, a benomyl 50WP provided by M. V. Carter (Department of
spray of 4.8 g/ L water (0.5 L per vine) gave significant control of ascospore infection by Eutypa Plant Pathology, Waite Agricultural
armeniacae when pruning wounds on 2-yr-old wood were inoculated either on the day of pruning Research Institute, University of Adelaide,
and spraying or 14 days later. A lower rate of benomyl 50WP, two rates of captafol 4F, and a Glen Osmond, South Australia). This
biological control treatment of Fusarium lateritium gave little or no control. Pruning wounds inoculum was scraped off cultures
declined in susceptibility over the 14-day period. No differences in susceptibility to infection were
noted among the four dates of pruning. In the 1981 trial, benomyl 50WP showed significant disease growing on Difco potato-dextrose agar
control at 1.2 and 9.6 g/ L water compared with water-treated control vines. (PDA) and suspended in SDW. Concentra-tions were determined using a hemacytom-

eter. There were five vines per treatment
in a completely randomized plot design.

Eutypa dieback, also referred to ascospores by 65 and 100%, respectively After treatment, on the same day, 10 of
previously as "dying arm" (12) or "dead (A. Trese, unpublished), the 20 pruning wounds per vine were each
arm" (14), is an important disease of Macroconidial suspensions of Fusarium inoculated with 500 ascospores of F.
grapevine worldwide, causing cankering lateritium Nees. were effective against E. armeniacae suspended in 5 A L SDW. The
and necrosis of woody tissue. It had been armeniacae on apricot in field trials in other 10 pruning wounds were inoculated
reported in New York (1), Japan (6), Australia (3). Differences in pruning 14 days later when possible (weather
Michigan (18), New Zealand and practices between California and Michigan permitting). In the January trial,
Australia (5), Ontario (4), California (9), preclude the use of fungicidal paints on however, it was necessary to make the
Greece (7), and Mexico and France (17). pruning wounds in Michigan. Therefore, second inoculation 35 days after pruning
Eutypa armeniacae Hansf. & Carter has we have initiated field evaluations of instead of 14 days because of the absence
only recently been proven to be the causal fungicidal sprays for the control of of above-freezing temperatures during
agent (10) after early studies that had Eutypa dieback. that period. An inoculum level of 500
associated the leaf and cane spotting ascospores was chosen because Treseet al
organism Phomopsis viticola with that MATERIALS AND METHODS (18) were able to obtain an overall
role (19). Field trials, 1979-1980. To examine the infection rate of 14.3% on 2-yr-old wood

In Michigan, Eutypa dieback has been possibility of using fungicides on fresh only when inoculated at various times of
estimated to occur in about 10% of pruning wounds of grapevine (Vitis the season with 250 ascospores.
the mature grapevines (A. Trese, labrusca L. 'Concord') to prevent Ascospores for these inoculationswere
unpublished), and in California, disease establishment of E. armeniacae asco- obtained by soaking mature stroma of E.
levels of 81% have been reported (12). spores, fungicide trials were conducted armeniacae in SDW for 10 min. After 1

Fungicidal control studies in the past on 5 December 1979 and repeated on 15 day, freehand sections of the stromawere
have demonstrated that benomyl painted January, 13 March, and 17 April, 1980 in made with a razor blade, cutting through
on fresh pruning wounds of apricot (8) a 10-yr-old commercial vineyard located numerous perithecia and suspending the
and grapevines(l l) reduced establishment about 5 km south of Lawton, MI. No freehand sections in a few milliliters of
of infection by E. armeniacaeascospores evidence of previous infection by F. SDW. After a few seconds of shaking
in California. Benomyl and captafol armeniacae could be found in this study followed by a 1-hr wait, the suspension
incorporated in agar at 10 /.sg/ml or by A. Trese (unpublished) in this was again shaken and the ascospore
inhibited germination of F. armeniacae vineyard. The vines had been pruned concentration was determined with a

since establishment into a bilateral hemacytometer. In no case were sporesThis research was supported in part by a line item cordon system in order to facilitate other than those of E. armeniacae seen
appropriation for grape research from the Michigan
State Legislature and reserve funds from the Director mechanical harvesting, during microscopic examination of the
of USDA, ARS. The work reported in this Twenty pruning wounds per vine were spore suspension; and ascospore germina-
publication is in partial fulfillment of the M.S. degree made just above a node or branch on tion was consistently between 90 and
by the first author. Journal series article 1043 1 of the
Michigan State Agriculture Experiment Station. 2-yr-old wood on each date mentioned 97%.

previously. Any vines so small that 20 In the December 1979 and January and
Mention of a trademark, proprietary product, or pruning wounds on 2-yr-old wood could March 1980 trials, the temperature was
vendor does not constitute a guarantee or warranty not be obtained were eliminated from the always between 0 and 5 C during pruning,
by the USDA and does not imply its approval to the trials, spraying, and inoculation procedures; in
exclusion of the other products or vendors that may Atrpuig ntesm aec h pi 90til h eprtr a
also be suitable. Atrpuig ntesm aec h pi 90til h eprtr a

vine was sprayed with 0.5 L of a about 10 C during these events.
Accepted for publication 2December 1982. suspension (equivalent to 741.3 L/ha Isolations and identifications of E.

[79.3 gal/acre]) of either benomyl 5OWP armeniacae taken from the pruning sites
The publication costs of this article were defrayed in part at the rate of 1.2 or 4.8 g/L (1 or 4 lb/ 100 were made 9-13 mo after inoculation by
by page charge payment. This article must therefore behereby marked 'advertisement" in accordance with 18 gal) water, captafol 4F at the rate of 1 0 or the method of Trese et al (1 8). Each cane
U.S.C. § 1734 solely to indicate this fact. 20 ml!/L (4 or 8 qt/ 100 gal) water, or a was cut off 6-10 cm below the original
© 1983 American Phytopathological Society water control. pruning wound. Through use of aseptic
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techniques, the canes were then split three randomly selected vines per and with 20 ml/L captafol. The 4.8 g/L
lengthwise and 10 small wood chips were fungicide treatment-inoculation date rate of benomyl was the only treatment to
removed from 1-5 cm below the pruning combination. Isolations and identification give control at the 1% level of
wound and placed on 2% PDA amended of E. armeniacae was made as before, 6-7 significance. The F. lateritium treatment
with 100 4g/ ml streptomycin sulfate. mo after pruning and spraying. was excluded from Table 2 to facilitate
After 3-6 days, any fungal colonies analysis (it was only in two, rather than
resembling E. armeniacae were transferred RESULTS all four of the blocks) and because it gave
to fresh potato-glucose agar (an extract Field trials, 1979-1980. Table 1 shows less control than the chemical treatments
of 200 g potatoes, 8 g glucose, and 20 g cumulative totals of E. armeniacae (Table 1).
agar in 100 ml distilled water). These infections over all four blocks (time Field trials, 1981. There was a

plates were placed under cool-white periods). The first part of the table shows significant difference among the fungicide
fluorescent light (GE F 1 5T8CW) and soft the data for the inoculation done on the treatments but not among time intervals
black light (GE F30T8SB) with a 14-hr day of pruning and spraying. The second between fungicide treatment and inocula-
photoperiod. After about 1 mo, the part shows the data for the second tion (Table 3). Duncan's multiple range
presence of E. armeniacae was confirmed inoculation (14 days after pruning and test revealed a statistically significant
microscopically by the presence of spraying). The data from block 2 are reduction in infection due to benomyl
scolecospores. excluded here because the second 50WP at 1.2 and 9.6 g/L compared with

Field trials, 1981. Based on preliminary inoculation was done at 35 days after the control.
results from the first year trials, the pruning and spraying instead of at 14
second year trials were begun on 14 days, because of continuous subfreezing DISCUSSION
February 1981. The same vineyard was weather. The high rate of benomyl was Clearly, a benomyl spray works well in

used as in the 1979-1980 trials. The trial the only treatment that gave consistent preventing establishment of E. armeniacae

was conducted as a 4 X 4 (16) factorial reduction of infection compared with the on pruning wounds. The most cost-

experiment. Benomyl 50WP at the rate of untreated control for all time intervals effective rate, however, has not been

1.2, 4.8, or 9.6 g/L(1, 4, or8 lb/ 100 gal) between fungicide spraying and inocula- defined. In 1979-1980, both the 1.2 and

water and a water control was applied tion according to the chi-square test. 4.8 g/ L rate of benomyl gave significant
after pruning as before. There were only There was no significant difference in control, whereas in 1981, 1.2 g/ L was

15 pruning wounds per vine in this trial, infection (susceptibility) of the grape more effective than 4.8 g/ L but not as

however. The pruning wounds were then wood inoculated at these different times effective as 9.6 g/ L.
inoculated as before on day 1, 14, 30, or of the dormant season. The higher benomyl rates were more

53 after pruning and spraying to Table 2 contains a Duncan's multiple successful in preventing infections
determine how long fungicidal protection range test of the differences between the introduced 2 wk or later after pruning
was needed. The temperature was treatments at both inoculation times, and spraying. This is apparent when one

between -2 and 5 C for the first three excluding the F. lateritium treatment. observes that in the 1979-1980 trials, the

inoculation periods and 22 C for the There were significant differences from 4.8 g/ L rate of benomyl showed

fourth inoculation period. There were the control with both rates of benomyl statistically significant control at the
second inoculation time (Table 1),
whereas the low rate did not.

Table 1. Effects of fungicides or a biological control agent on infection of Concord grapevine A preventative benomyl spray should

pruning wounds inoculated with Eutypa armeniacae at Lawton, MI, in 1979-1980a prove useful as a control measure for
________________________________________________________ Eutypa dieback in Michigan. Spraying

Reduction of Significance with a hand-held sprayer or perhaps a
No. pruning infection compared level of X 2

wounds Infectedb with control X 2 vs. value
Treatment inoculated (%) (%) control (P ) Table 2. Duncan's multiple range test of data

Inoculation on day of pruning and sprayingc from fungicidal control trials on Concord

Control 173 37.0 ... ... grapevine pruning wounds inoculated with

Benomyl50WP, 1.2 g/L 186 17.7 52.0 15.89 <0.005 Eutypa armeniacae at Lawton, MI, in

Benomyl 50WP, 4.8 g/L 179 10.0 74.3 35.93 <0.005 1979-1980w'x

Captafol 4F, 10 ml/L 185 23.2 37.2 7.42 <0.01 Infection
Captafol 4F, 20 ml/L 187 20.9 43.6 10.68 <0.005
F. lateritium 93 23.7 36.0 4.33 <0.01 Treatment (%)

Control 24.08 ay
Inoculation 14 days after pruning and sprayingd Benomyl 50WP, 1.2 g/L 14.48 bc

Control 138 11.6 ... .. Benomyl 5OWP, 4.8 g/L 7.49 cz

Benomyl 50WP, 1.2 g/L 133 7.5 35.1 <1 >0.1 Captafol 4F, 10 ml/L 18.51 ab
Benomyl 50WP, 4.8 g/L 131 3.1 73.7 5.94 <0.01 Captafol 4F, 20 ml/L 15.66 bc
Captafol, 10 ml/L 135 10.4 10.5 <1 >0.1I ~ eoraeopunnadpaigee
Captafol, 20 ml/L 138 10.2 12.5 <1 >0.1 December 1979, 15 January 1980, 13 March

F. ltertiu 89 7.9 2.1 <1 0.11980, and 17 April 1980. The values shown
aThis experiment was conducted in a healthy 10-yr-old commercial vineyard of Vitis labrusca L. are the means derived from the four pruning

'Concord.' Twenty pruning wounds were made per vine on 2-yr-old wood. There were five vines and spraying dates at both inoculation times.
per treatment. Each vine except the F. lateritium-treated vines was sprayed after pruning with 0.5 X Each vine was sprayed after pruning with 0.5
L of its respective treatment. Each wound on the F. lateritium-treated vines was inoculated with L of its respective treatment. Ten of the 20
500 macroconidia of F. lateritium. Ten of the 20 pruning wounds per vine were inoculated with 500 pruning wounds per vine were inoculated on
ascospores of E. armeniacae in 5 ML distilled water on the day of pruning and spraying. The other the day of pruning and spraying with 500
10 pruning wounds per vine were inoculated as described above on day 14 after pruning and ascospores of E. armeniacae in 5 ML distilled
spraying. The four dates of pruning and spraying were 5 December 1979 (block 1), 15 January 1980 water. The other 10 pruning wounds per vine

(block 2), 13 March 1980 (block 3), and 17 April 1980 (block 4). Positive infections were were inoculated as described previously on

determined by tissue isolations onto PDA 9-13 mo after treatment. day 14 (or 35 in the case of block 2) after

bAnalysis of variance yielded an F value of 5.38 (P= 0.01) for treatments, an F value of 11.86 (P= pruning and spraying.
0.004) for inoculation time, and an F value of 1.99 (P = 0.169) for blocks (pruning dates). YTreatments followed by a common letter are

C All four blocks combined, not significantly different at P = 0.05.
dBlock 2 was excluded because the second inoculation was done at day 35 instead of at day 14 z Significantly different from control at P =

because of subfreezing conditions. 0.01.
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Table 3. Effects of three benomyl spray rates and time interval between spraying and inoculation on cultures used in this work. We gratefully
infection of Concord grapevine pruning wounds with Eutypa armeniacae at Lawton, M I in 19 81  acknowledge the typing of this manuscript by Janet

Besaw.

Interval between Pruning
pruning + spraying wounds

Rate of benomyl and inoculating No. pruning infected 1. Braun, A. J., Uyemoto, J. K., and MolleT
50WP (g/L) (days) wounds inoculated (%) 1976. Eutypa armeniacae found on grape trunks

0 1 42 14.3 in eastern North America vineyards showing
0 14 41 12.2 symptoms of dead arm disease. (Abstr.)
o 30 42 7.1 Phytopathology 66:301.

2. Carter, M. V., and Moller, W. J. 1970. Duration0 53 40 2.1 of susceptibility of apricot pruning wounds to
1.2 1 40 5.0 infection by Eutypa armeniacae. Aust. J. Exp.
1.2 14 41 4.9 Agric. Anim. Husb. 11:684-686.
1.2 30 41 2.4 3. Carter, M. V., and Price, T. V. 1974. Biological
1.2 53 43 0.0 control of Eutypa armeniacae II. Studies of the
4.8 1 44 9.1 interaction between E. armeniacae and Fusarium4.8 14 41 2.4 lateritium and their relative sensitivities to
4.8 14 41 2.4 benzimidazole chemicals. Aust. J. Agric. Res.
4.8 30 44 6.8 25:105-119.
4.8 53 41 2.4 4. Coleman, L. C. 1928. The dead arm disease of
9.6 1 44 0.0 grapes in Ontario. A preliminary study. Sci.
9.6 14 43 4.7 Agric. 8:281-315.
9.6 30 42 2.4 5. Dye, M. H., and Carter, M. V. 1976. Association
9.6 53 43 0.0 of Eutypa armeniacae and Phomopsis viticola

with a dieback disease of grapevines in New
0 ... 165 9.1 yb,c Zealand. Aust. Plant Pathol. Soc. Newsl.

5(l):6-7.1.2 ... 165 3.0 z 6. Hiura, M. 1925. On the root-neck blight of the
4.8 ... 170 5.3 yz vines near Sapporo. (Abstr.) Jpn. J. Bot. 2:47.
9.6 "" 172 1.7 z 7. Kouyeas, H., Chitzanidis, A., Pappas, A., and

Carter, M. V. 1976. Eutypa armeniacae on
1 170 7.1 b apricot and grapevine in Greece. Phytopathol. Z.

• 14 166 6.0 87:260-263.
... 30 169 4.7 8. Moller, W. J., and Carter, M. V. 1970. Field

evaluation of benomyl for control of limbdieback (gummosis) in apricots. Aust. J. Exp.
aThis experiment was conducted on a healthy 11-yr-old commercial vineyard of Vitis labrusca L. Agric. Anim. Husb. 10:488-489.

'Concord.'The date of pruning and spraying was 17 February 1981. Fifteen pruning wounds were 9. Moller, W. J., English, H., and Davis, J. R. 1968.
made per vine on 2-yr-old wood. There were three vines per treatment-inoculation date Eutypa armeniacae on grape in California. Plant
combination. Each vine was sprayed with 0.5 L of its respective treatment. Inoculations were made Dis. Rep. 52:751.
by placing 500 ascospores of E armeniacae in 5L sterile distilled water on each pruning wound. 10. Moller, W. J., and Kasimatis, A. N. 1978.Dieback of grapevines caused by Eutypa
Positive infections were determined by tissue isolations onto PDA 6-7 mo after treatment. armeniacae. Plant Dis. Rep. 62:254-258.
Analysis of variance (4 X 4 factorial) yielded an F value of 3.16 (P= <0.05) for treatments. 11. Moller, W. J., and Kasimatis, A. N. 1981.However, an F value of 1.99 for time interval (days) between fungicide treatment and inoculation Fungicide protects grapevines from Eutypa.
was not significant (P = >0.1). Calif. Agric. 35:8.

c Treatments followed by a common letter are not significantly different at P = 0.05 according to 12. Moller, W. J., Kasimatis, A. N., and Kissler, J. J.
Duncan's multiple range test. 1974. A dying arm disease of grape in California.

Plant Dis. Rep. 58:869-871.
13. Petzoldt, C. H., Moller, W. J., and Sall, M. A.

1981. Eutypa dieback of grapevine: Seasonal
small power sprayer should be easier than lateritium was included at either time of differences in infection and duration ofawhich was an effective F. armeniace inoculation, susceptibility of pruning wounds. Phytopathologyapplying a paint, w71:540-543.
treatment in California (11). In California, In our study, susceptibility of pruning 14. Pine, T. S. 1958. Etiology of the dead arm disease
there are only a few pruning wounds on a wounds decreased with time after of grapevines. Phytopathology 48:192-196.
vine. In Michigan, 40 or 50 cuts per vine pruning. This change in susceptibility 15. Ramos, D. E., Moller, W. J., and English, H.

1975. Susceptibility of apricot tree pruningare usual. with time was found to be highly wounds to infection by Eutypa armeniacae.
The F. lateritium treatment was not significant in the first year trials. Phytopathology65:1359-1364.

effective, even though the organism Although the differences in susceptibility 16. Steel, R. G. D., and Torre, J. H. 1980. Principles
consistently became established in over time were not statistically significant and Procedures of Statistics, A BiometricalApproach. 2nd ed. McGraw-Hill, New York. 633more than half of the pruning wounds to in the second year trials, the trend wasp.
which it was inoculated (E. Gendloff, consistent. Similar findings have been 17. T61iz, D., and Valle, P. 1979. Eutypa dieback in
unpublished). Apparently, F. lateritium reported on apricot in Australia (2) and Mexican vineyards. Plant Dis. Rep. 63:312-314.
is not inhibitory to the Michigan isolate California (1 5), and on grape in 18. Trese, A. T., Burton, C. L., and Ramsdell, D. C.

of E areniaae n te stms hat ere Calforna (3).1980. Eutypa armeniacae in Michigan vineyards:
ofF reice ntesesta ee Clfri 1) Ascospore production and survival, hostinoculated with F. lateritium, more than infection, and fungal growth at low temperatures.

half of the stems from which F. ACKNOWLEDGMENTS Phytopathology 70:788-793.
armeniacae was isolated also contained We thank M. V. Carter, Department of Plant 19. Willison, R. S., Chamberlain, G. C., Townshend,Pathology, Waite Agricultural Research Institute, J. L., and Deronde, J. H. 1965. EpidemiologyF. lateritium (E. Gendloff, unpublished). University of Adelaide, Glen Osmond, South and control of dead arm of grapes. Can. J. Bot.
This was true in all trials in which F. Australia, for supplying the Fusarium lateritium 43:901-914.
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