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PATHOLOGY
Distribution of MBC-Phosphate Injected into Elms for Protection

against Dutch Elm Disease. — Water-soluble salts of methyl-2-
benzimidazole-carbamate {MBC), particularly MBC-HC! and MBC-P,
have been used expenimentally by several investigators as possible agents
for control of Duich elm disease {DED). In Canada, MBC-P (Li
BLP ~ registered trade name of E.1. du Pont de Nemour
registered for use by licensed applicators emp
injection through roots, root-flares, or trunks.

in Fredericton in 1974 1o introduce MBC-P into the vascular
two healthy high-value elms, in an atternpt to protect them against DED.

Early in the vear following mjection, the itrees became |
infected with Ceratocystis ulmi (Buism.y C. Moreau, the casual fungus of
DED. One was felled and burned, but th cond tree, which expressed
severe symptoms of the disease shortly after the first was destroyed, was
felled and portions of the main stem and limbs were collected for detailed
examination. The analysis revealed serious shortcomings in the disuibu-
tion of MBC-P within the vascular system. Consequently, 10 additional
trees were injected and analyzed during 1976 for further investigation of
the problem of distrnibution, The results form the basis of this report.

The elms, Ulmus americana L., 10 w 20 cm dbh, were root-flare-
injected during June and July with a 0.1% concentration (1,000 ppm) of
MBC-P {Table 1). At least 1 L/2.5 cm dbh of the fungitoxicant was
injected into the ocutermost two to four annual growth rings of six trees, by

o
using a modified version of a pressure injector head described by Jones and
Gregory {USDA Forest Serv. Res. Pap. NE-233, 1971, In the remaining
four trees, the chemical was injected into the outermost 10 0 20 annual
growth rings by a method similar fo that described by Kondo and Huntley
{Can. For. Serv. Inf. Rep. O-X-235, 1975). Injection into the xylem of all

trees was done at a pressure of 1.78 kg/em® (10 psi), and injection points

were spaced 10 to 135 cm apart.
The distribution of MBC-P within the ¢lms was determined between
21 July and 15 Nov. After felling, disks about 0.5 cm thick were cut from
each tree at several locations in the trunk and from all main branches. From
these disks, tangential segments, about 1 mm in radial depth and 3 mm
wide, were excised, beginning at the cambium and extending -3 em {123
annual rings) into the xylem. Segments were excised from seve
positions around the circumference of each disk and arranged in a serie
14 cm petri dishes on the surface of 1.5% potato dextrose agar (PD
freshly seeded with spores of C. zwdmi (Fig. 1). Similar bioassays were also
performed on wedges cut from the outer annual rings of the trunk. Split
sections of twigs, 2-5 cm long, were cut from the current and preceding
vears' growth of main branches and similarly sssaved. The cultures were
indicating

Y

altowed 10 grow about 48 h at 20 w 22°C. Any 5
growth inhibition of €. whni, that vccurred around the excised wood in the
seeded-plate cultures were noted. After an additional 2 to 3 weeks” growth,
all cultures were examined for the production of coremia, a fruiting siage
of C. ulmi, onthe disks and twigs. Growth of coremia was considered even
more indicative than mycelial growth of an absence of the fungitoxicant,
since coremia are reported o be extremely sensitive 1o MBC compounds
{Smalley et al., Phytopathology 63:1239-1252, 1973). The distribution of
MBC-P determined from the bicassays was plotted on cross-sectional
diagrams of the trees {Fig. 2).

The two methods of injection ensured uptake of MBC-P in the current
annual growth rings, but the apparent distribution of the fungitoxicant was

19

) cuttures of Cerg
sections of elm wood excised from disks v the point of
injection 12 weeks earlier, by the Jones and Gregory method. Rows
contiguous segments from the outer -3 growth rings taken from various
povints aroundd the circumference of the wee,

aining tangential

far from complete. Bioassay of elms injected by the method of Jones and
Gregorry revealed the presence of MBC-P in parts of annual growth rings
from 1973 to 1976 at most levels in the main stem, but it was rarely found
in complete rings of the current growth in disks excised from immediately
below the ¢rown or from main branches. In elms injected later in the
summer by a method similar to that of Kondo and Huntley, the
fungitoxicant was presemt in a greater number of growth rings and the
circumferential distribution appeared to be a little more extensive than that
shown by the other injection method. However, distribution within the
current annual growth rings was little better than that previously described.
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ificant finding, common w both methods of §
o5 ndicated tha %K P was generally a
Cinjection 1976 (Figs, 1, 2% Abo,

produced readily on most wood formed after injection. Therefore, 1t
ed that MBC-P did nm move radi

after injection, Consequent!

ection,

Hy outward into xylem formed
v, after a mia?wu& short period of treg g
possibly 1 10 3 weeks, méb or none of the chemical was present in the

apwood, the area of beetle feeding and fungus activity
12 elms examined, one free (no. 30} expressed s
DED 7 weeks after infection. Isolation and bivassay results
fungus 1 be present n the outermost ood immediately
external to the fungitoxicant that had been injected into the sapwood at the
ime of treatment. On the basis of these results, s apparent that very linde
protection against DED can be expected from g single root-flare inkction
with MOB-P. The lack of radial movement of the fupgitoxicant into xylem
formed after injection markedly reduces the pam"m‘i of this compound as
an effective and practical fungitoxic agent for control of DED. — M AL
Stiltwell {deceased), Maritimes Forest Research Centre, Fredericton, N.B.
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Evaluation of Surface Sterilants for lsolation of the Funpgus
(:muuf@dmzdr{m pwzj‘wme Emm Sitka Spruce Seeds. — Genion
salt ig an i / +d fungus that xmudx
seeds and kills thern during cold st . Or in nursery seedbeds
during cool, moist weather {Salt, Trans. Br. Myeol. Soc. 63:339-35
19745, The fungus had been isolated fcea and Pinuy seeds tha
o germminate in Ontario forest nurseries wrs, Can. I. Bot. 42:
1604, 1964y and from Sitka spruce, Piveu sirchensis mew Carr., seeds
imported into Britain from western North a\mr!u Salt, 1974y, En 1976,
the fungus was found in stored Sitka \p’hu seeds in British Columbis
{ "uihc;iand, ?h}, pathology 67, in press)y. Initially solating the
ipners (1964, CONSIstS in
seds and plating the contents on
; oo mn»»m*mum 3
h
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this procedure, ho
%g t*} n used

§u>’m p{‘c\‘cxéicd goouraie
Prediminary trials with concentrated
{30%) hydrogen peroxide {Ho(y), which has hu“i‘ us»d 10 surface-sterilize
Sitka spruce seeds {Trappe, J. For. 59:82 19611, showed promise
for our work: thus, the present experiment was made to determine the best
combination of concentration and reatment time of either HyOy or NaOCH
for surface sterilization of Sitka sp H

contaminants f
meidence.

‘m* el

fation o

e seeds and subsequent isc

: 1974) procedure, we selected three Sitka sprnisce \Lkdxﬂi\
at had high, intermediwe, and low incidence levelsof . py ¢
that had high, intermediate, and low incidence levelsof . py

ith 26, 7, and 1 6% of the seeds m;mi eik w ’n thc p;ﬁ‘fi{wcﬂ {
seeds were surface-steril for 60, 3 three oo

C MO, (30, 6, and 1
ed seeds were was
water meubated at i
etri dishy, The incidence of G
bacteria and yeasts, and

forme, other tous tmga
eed gem&imtéo{ {radicle twice as long as the see

coat) was determined, with a swreomicroscope, every 3 days for 15 da«;\'x
following plating . The cumulative data were transformed, whe uwmm‘

w correct for heterogeneity of variance and \;Emtd d w oan
variance; the means were compared by the Student
{Steel and Torrie, Principles and provedures of statis
New York, 96{;;
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TABLE

Hmin
3min
Sy

timte increased {Table 1), The best treatments for G. pyriforme isolation
were 30 and 1.2% H.O, for 30 and 60 min respectively, Le. the long
exposure —lower concentration treatment was as good as the high
conceniration — short exposure treatment. Seeds treated with 30% H.O, for
1 h had the fewest filamentous fungus contaminants, while the next best
treatments were 8% HyO, and 5, 1, or 0.2% NaOC], all for 1 h. In general,
lengthening the exposure period was more beneficial than increasing the
concentration of the surface sterilant for reducing numbers of filamentous
fungus contaminants. The numbers of bacterial and yeast contaminants
were unaffected by any of the HyO» treatments, but the numbers of these
contaminants decreased as NaOC! concentration increased at the 5-min
exposure period.

This study has shown that surface sterilization with 30% H.O. for | h
is the best overall reatment for isolating G. pyriforme from diseased seeds
and for reducing filamentous fungus and bacterial and yeast contamination
{Table 1). This procedure vields more G. pyriforme and fewer contami-
nants than does surface sterilization with 1% NaOC! for 5 min (Table 1) as
recommended by Salt (19743, Reduction of contamination facilitates
detection of the characteristic mycelium of G, pyriforme and allows the
pathogen, whose growth is frequently inhibited by seed coat micmor-
ganisms, to grow from diseased seeds. Swong Hy0. reduced Sitka spruce
seed germination, but this is of no concern to those interested in
determining G. pyriforme incidence. Although various concentrations of
HyO, have been used to stimulate seed germination or to reduce or
eliminate seed coat microflora (e.g. Barnett, Tree Plant. Notes 27:17-19,
24, 19767 Ching and Parker, Forest Sci. 4:128-134, 1958; Riffle and
Springfield, Forest Sci. 14:96-101, 1968. and Trappe, Forest Sci.
13:121-130, 1967) or for both, this is the first report of HzO, being used to
surface-sterilize seeds for isolating a pathogenic fungus. Recently, we have
isolated . pwriforme from swred P, glawca (Moench) Voss, P.
engeimannii Parry, Abies grandis {Dougly Lindl. and Pseudorsugn
menziesii (Mib ) Franco seeds after surface sterilization with 30% H,0,
for 1 h. — Jack R. Sutherland, T.A.D. Woods, W. Lock, and Denis /
Gaudet, Pacific Forest Research Centre, Victoria, B.C.

Shugs Feeding on Cronartium in British Columbia. — Slugs
{Gasteropoda pulmonata) are land molluscs that have evolved from snails
by reduction or loss of their shells. Common in the humid Pacific
Northwest, they are primarily vegetarians, feeding on fungi, fruit, and
foliage of herbaceous plants during the night or on overcast days (Kozloff,
Plants and Animals of the Pacific Northwest, JJ. Douglas Lid.,
Vancouver, 1976).

21

o a Cronarthen
s On 1 s he s

Early observations in e

wtern North America noted shugs feeding on
h. ex Rab. telia (Gravanr and Marshall,
Phytopathology  7:368 , 1917y and on pyenia and aecia (Snell,
Phytopathology 19:269-283, 1929). To date, in western North America,
only arthropods and mammals have been associated with coniferous stem
rusts {Hiratsuka and Powell, Dep. Environ. Can. For. Serv. For. Tech.
Rep. 4, 1976).

During the past 3 years, while pine rust cankers were being observed
on Vancouver Island, slugs were occasionally noticed feeding on
aeciospores and infected bark tissues. They fed in characteristic patches or
trails as they moved across the cankers, removing nearly all aeciospores
from individual aecia. Slime trails and tendrils of egested bleached spores
were common. Feeding wounds on infected bark were characteristically
shallow and bore radula marks.

Slugs collected were identified as Prophysaon andersoni {Cooper’ on
Endocronartium harknessii (3. P. Moore) Y. Hirat. and Cronartium
compronige Anth. (Fig.1), Ariotimax columbianus (Gould) and, tentative-
ly, as Hemphillia glanulosa (Bland and Binney) on €. ribivola. {They
were identified by D. Rollo, of the Department of Plant Science,
University of British Columbia.y Also, P. andersoni was observed feeding
on the secondary fungus Tuberculing maxima Rosir. on a C. comptoniage
canker, and 7. maxima on a C. ribicola canker had been partially
consumed by an unknown slug.

In a lodgepole pine plantation, 10 or more slugs were freguently
observed feeding on individual C. compioniae cankers, but only in the
early mornings or on wet days. During warm days, slugs were found under
the duff or, occasionally, under the exfoliating bark of E. harknessii galls.

The spores of some species apparently do not pass through s
ntact, while others are stifl capable of germination {Wolf and Wolf, Bull.
Torrey Bot. Club 66:1-5, 1939). Snell (19295 hinted that fecal aeciospores
were nonviable. However, in water droplets on slides and on water agar. |
obtained germination of harknessii and C. comproniae aeciospores
egested by P. andersoni. and C. ribivola aeciospores egested by an
unknown slug.

Slugs probably reduce the inoculum potential of rusts, for endrils of
aeciospores are unlikely 1o be airbome, and their feeding wounds possibly
provide infection courts for secondary fungi, which may further limit rust
development., — Richard 8. Humi, Pacific Forest Research Centre,
Victoria, B. C.

Cronartium ribicola ]




SILVICULTURE
Fertilizing after Thinning T@-vear-old Lodgepole Pine (Pinus
contorta Dougl. var. zfaxif}'}fia ?agi‘:im} in Alberta. — This study
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'i‘hc fertilization study was established as a randomize hm ncom-
e factorial experiment, with three levels of N, P, and S. {Soils in this

eratly well supphied with K.) Treatments were updumd
thinned stands only, led the following {in kg
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ions,

b, concentrated superphosphate (0-45-03,
phosphate (11-48-0), and ammonium phosphate sulphate (3
were broadeast by hand on the plots, according o treatment speci
in October 1968

Forty-two 0,04 ha sample plots with 4 m buffer zones were
established in »\mwu% 1968, All wrees were 1agged, and dbh was measured

to the ng
of treg
1975

earest .25 cm. A sample of heights {approximately 107 of a range

es was aisa measured on each plot. A remeasurement in October
included a dbh tally and height measurements of the same sample
trees. Two increment cores were taken at breast height (1.37 m) from 6 10
10 of these sample trees. Because of the lack of unthinned control plots, 20
sample trees of a range of sizes were selected in the adjacent unthinned
stand in 1975, measured, and bored. From the core data, diameters were
imated at the end of the 1963, 1966, 1968, 1970, 1972, and 1975
Srowing seasens.
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Figure 1. Adjusied mean annual dbh increments for four growth periods in thinned

and unthinned stands.
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Response was evaluated from individual tree data by using covariance
and response surface analyses, at the (0.05) significance level. This
approach was chosen because (1) the experiment did not fulfill formal
ANOVA design criteria and (2) this approach helped remove some of the
pretreatment variation in the experimental material.

The results of the analysis (Fig. 1) w a mean increase of about
60% in dbh increment in the first 7 vears after thinning. The response was
largely in the first 4 years; the response from 1973 w0 1975 was not
ically significant. There was an additional 30% increase in mean dbh
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Relationship between Duration of Initial Growing Period and
Subsequent Growth of Greenhouse-reared White Spruce ‘\lefdhngs
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