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Foliar spray field trials were conducted for three sunrrers 

(1970-73) to nrnitor the uptake and translocatien of benanyl in large 

elm tmes. The :results, on the whole, showed a limited uptake, nostly 

through the bark (Prasad 1972, Prasad and Travnidt 1973). The question 

arose, how llUlCh real protecticn of healthy trees against attack by the 

Dltch elm disease (tED) organism can be achieved by foliar and baxk spray 

nethods? With this d:>jecti ve in mind, several field eJq)erinents, in­

volving extensive foliar and bark spraying of the f\mgicide and :insecti­

cide cartb:inaticns followed by natural and artificial inoculaticn with 

OED pathogen, were carried out at Shirley's Bay during the sunrrers of 

1973, 1974 and 1975, and the :results :fran these exr;erinents are described 

in this report. 

MA'lERIAIS & ~ErHOOS 

A. Trials with ~thaxychlor, BenCll¥l Salt, and Inoculaticn by the 
Balk Beetle 

To :investigate the effects of applications of rrethoxych1or and 

MBC-S04 (a sulfate salt derived fran benaqyl) en vector population and 

disease :incidence, a preliminary experiIrent was carried out during the 

sumter of 1973. 

Three groups of ten elm trees each, of 20 an (S") average d.b.h. 

and 10.5 m (35 feet) tall, were selected. Trees in the first group were 

sprayed with nethoxychlor cnlYi the seccnd group was treated with a ~ 

bination of nethoxychlor and MBC-SO 4 wi th Biofilm added; the thim group 

was left as \nltreated controls. 

The methoxychlor treatnent was a 50% W.P. applied at a concentra­

tion of 3 ]hs/100 gallons of water. MBC-S04 was of 2500 ppm concentratim 
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(0.25%) with the adjuvant Biofilm added at 5 ml/gal of solution. '!his 

foxnulat:Lon of the insecticide and fungicide was catpatible and did not 

cause any phytotoxicity. HCMever, an emulsim of trethoxydllor with 

xylene was extJ:emely toxic to elm foliage and thus only 50% w. p. mixture 

was used. Trees were sprayed at the rate of 15 litx:es per tJ:ee, soon 

after the leaf-flush. 

'lWo weeks after the treatment, all trees were inoculated with 

the baJ:k beetles (Hylurgopinus rufipesJ, already infected with IED spores. 

They were released on the sprayed and unsprayed brandles in a manner as 

illustrated in Fig. I, and allae:l to crawl and infect only in the limited 

area of the cages. 

Two branches of eadl tree were fitted with this cage and each 

tree was infested with 20 beetles, to a total of 30 trees. As nenticned 

earlier, these vectors were previously infected with the OED (Ceraatocystis 

ulrrrlJ spores, accox:ding to procedures of Ganllner (1973). After 2 weeks, 

the cages "Jere examined for the distribution and roortali ty of beetles ~ 

and the pmgressim of the disease synptans (wilting) was then follCMed 

up in all trees at weekly intervals. Cbservatims indicated that there 

was a high rrortality anonq the caged beetles (Table I) and that the disease 

developnent ''las also erratic among the inoculated and. centrol trees. 

Therefore, in another series of eJqJerinelts, sprayed and unsprayed trees 

were artificially inoculated by hand, acoox:ding to the nethod of Gregory 

(1970) with a suspension of caUdia (106/ rnl). The progressien of the fungal 

grcMt:h in the xylem was then naUtored about me foot away fr:om the point 

of infectioo. This is doet.mented in Table II; no diseac;e developnent was 

found in the branches treated with the fungicide. 
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F~g. 1 Illustration of the method for caging of beetles infected with 
OED on elm branches sprayed with and without nethoxychlor plus 
benomyl. 
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TABLE I 

Average M:>rtali ty per Tree of Bal:k Beetles Cage:1 on Elm '!Wigs 
For Inoculatim of Trees with the oEDl 

Tmat:rrent Live 

Unsprayed (Control) Trees 9 

Tmes sprayed with methoxychlor 4 

Tmes sprayed with methoxychlor 1 
Plus MBC-S04 

Nurber of Beetles 
Dead Total % M:>rtality 

11 

16 

19 

20 

20 

20 

55 

80 

95 

1 Counts taken 2 weeks after l:el.ease of beetles em the branches. 

TABLE II 

Effects of Foliar Sprays of MBC-S04 and Methoxychlor 

en the Progression of Disease Deve10ptent in Branches 

Infected Artificially With the DEDl,2,3 

Centro1 
rethoxycill.or 
MBC-S04 

Peramtage Infectien Produced 

AbOve point of Below point of 
inoculation lnOOllatim 

44.4 
11.2 
o 

44.4 
11.1 
o 

MEC-S04 plus Mathoxychlor o o 

1 'l\dgs inoculated with 1 ml of 106 spoms 15 days after spray. 

2 Reoovezy of OED spores 3 nnnths after inoculation into the twig: 
Sanpl.es of infected twigs were incubated en PDA for the devel.opYent 
of DEC colony. 

3 Sarrpl.es for x:eoovezy of lED taken 1 foot above and belCM the point of 
inoculation. 
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B. Trials with Fungicide and Artificial Inoculation 

(i) Tree Material 

In mid-May, 1974, 50 mature, healthy trees of 20 an (8 inch) 

average d.b.h. and 10 m (35 feet) tall, wem selected and tagged at the 

NOC site at Shirley's Bay. Fran all trees sanp1ed, twigs were taken 

befom tmatnent and tested in the laborato:ry for presence of 

Ceratooystis ulmi by bioassays en potato-dextrose agar nedia. Only 

those tteeS f:ree from the Dutch elm disease infecticn were selected. 

(ll) Spray Application 

For the spraying operatim, a John Bean hydraulic sprayer 

with a tank of 20-gallon capacity was used (Prasad and Travnick (1973). 

Ben.oIl¥l 50% W.P. (product of Dupont Co. Canada Ltd.) of 5,000 ppn (0.5%) 

ccncentraticn (calculated as 100% active ingredients) was mi.»!d in water 

and aw1ied by thoroughly drenching the leaves, twigs, and bark with 10 

li tms of suspension per tree. 

F:rom the selected 50 trees, 10 were used as oontro1s and am 

referred to as tnltreated ccnt.rols herein. During the first ~ in June, 

40 tteeS lere sprayed, and 20 trees fran this group were treated again 

b«> weeks later with a seoond spray of 5,000 PIE of benanyl at 10 

litres per tree. In this way, there leJ:e 10 control (untreated) trees, 

20 tJ:ees treated with a single spray and 20 trees with a double spray. 

'!en ttees in each b:eatai group also had Biofilm (0.1%) adjuvant added 

to the spray. 

(iii) Inoculatim of Treated and Control Trees 

At the end of June, i.e. 2 ,~s after the final spray, all 

tJ:ees were inoculated ,With virulerit strains of Ceratooystis ulmi (Buism) 

Mo:reau. The virulence was tested on small trees in the sane site befor:e-
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hand. An extension ladder was used to clinb to brandles about 45 m 

(15 feet) above the ground. 'lWo branches Q'l each tree were selected 

and tagged with plastic ribbons. At a distance of one foot over the 

trunk of tree, a c:ne square inch (1 x I") of bal:k on each branch was 

:rencved and the sap«>od exposed. One ml. of C. ulmi spore solutim 

(Hock et al 1969) of 0.2 optical density was then dispensed Q'l a 

folded filter paper, which was applied to the exposed area cut m the 

branch and covered over with a masking tape. 

(i v) Tests on Disease Prot.ectim 

After inoculation of trees with Cel'atooystis ulmi all trees 

~re visually checked at weekly intervals for detecticn of disease synp­

toms. Unfortunately the soil in this location was very shallcw, and a 

prolonged drought-spell caused dessication of leaves and this interfexed 

wi th final evaluation of disease synptans in this particular area. As a 

second nethod of rconitoring the disease progressim, the inoculated 

branches were renoved in the fall and sanples fran a secticn 3 feet above 

the inoculated spot were bioassayed in J;etri dishes oontaining potato­

dextrose agar, for presence of C. ulmi. The results of these tests are 

presented in Tables III and IV. 

RESULTS AND DlsaJSRICN 

Table III sunmarizes the visual observations in field of 

tJ:eat.ed tJ::ees, two and four weeks after the onoculation with C. ulmi, 

expres~ as percentage of protectim afforded by foliar sprays. Values 

are averages of 20 treated trees and 10 control trees. 
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TAmE III 

Visual Cbservatims of the Effect of Benanvl Foliar Spray 

On Matw:e Trees Inoculated with DED spoms (1974) 

Treat.nent 

Ccntmls 

Single Spray 

Double Spray 

Disease SyITptom Develqm:mt After: 

2 weeks 

0% 

5% 

5% 

80% 

80% 

95% 

Because of drought calm tions that prevailed during the 

investigatim, the msults were rather onconclusive. The experi.nelts 

were :repeated the folladng year, 1975; again very little or no pm­

tection was obtained from foliar applications. 

'I2\BLE IV 

Progressim of Disease Developrent in Inoculated 

Cmtrol and Benam,rl Treated Branches After 6 Weeks 

Treat:nent 

Controls 

Single Spray 

Double Spray 

Nuni:>er of Sanples 

33 

60 

60 

OED % "Infection" 
Detected by DED 

4 12.12 

4 

2 

6.66 

3.33 



r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

- 8 -

Even though fn:rn the above table it is evident that the pro­

gl:essim of Dutch elm diSease is curtailed in treated as cpposed to 

\D'ltreated branches, thel:e is not much gam by foliar and bark applicatioos 

Q'l a large scale. Perhaps the uptake and translocaticn patterns of 

benClt¥l in lal:ge b:ees is not gJ:eat enough to warrant large scale 

b:eatmmt. Thus, Sate of the d>servations are in accord with findings 

of Hart (1972) and Smalley et a1 (1973) that the disease can be arrested 

inside the elm b:ees, and sane of the :r:esults are cxntradictolY. Prcbably 

drought candi ticns at the site mpmssed the deg:r:ee of protection offered 

by foliar sprays. 

StJMMM{Y 

Using a hydraulic sprayer, field trials <Xl foliar spraying of 

nethoxydllor, MEC-SO 4 and benanyl to b-Jo grrups of large elm t:r:ees as 

a single and double treat:nent, was carried out. Trees we:r:e then inoculated 

naturally by bark beetles, and artificially with spoIes of the Dutch elm 

disease pathogen (Cemtooystis ulrrrlJ. Iesults :indicated that limited 

prot.ectim oould be achieved by the foliar sprc\ys of benOOW1 and MBC-SO 4 

probably by uptake through the bal:k, but on large scale t:r:eatrrent, 

protecticm is not significant. 

JO(N~ 

The . author thanks the National capital Conrnission, ottawa, 

for providing elm trees and sui table area, Messrs. D. Travnick and 

Rick Mxx1y for assistance in field and laboratory and Miss Pina Rispoli 

for help with bioassays. 
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