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ENTOMOLOGY

Effects of Temperature and Relative Humidity on Egg Hatch,
Survival of First-instar, and Establishment of Second-instar Spruce

Budworm Larvae.Overwintering mortality of spruce budworm
{Choristoneura fumiferang Clem.) has been separated into fall
“dispersal” loss and spring “dispersal” | {(Miller, Can. J. Zool.
36:409-22, 1958). The failure of first-instar larvae (L,} to spin hiber-
nacula d as a fall “dispersal” mortality factor whereas
fatlure of second-instar larvae {L2) to establish a feeding site was

classed as a “spring” dispersal mortality factor. This paper describes
the effects of temperature and relative humidity on these mortality
factors.

In the first experiment {egz hatch and survival of L), three
egeg masses from our Iabommn stock, which was heavily parasitized

with microsporidia, were placed in each of 120 plastic dishes (4.3
cm diam x 1.1 em a}ezﬁg}) containing a piece of gauze for larval spin-
up {Siehr, Can. Entomol 86:423-428, 1954, Temperatures were
maintained by positioning the dishes in a temperature gradient, and
relative humidities were maintained by using saturated salt solutions
{(Winstonn and Bates, Ecology 41 7. i%(}). The photoperiod
wias 16 h. The dishes were not disturbed until sufficient time had

elapsed for the eggs to hatch and the larvae to spin hibernacula and
moult {11 days at 300C, 18 days at 1300,

Larvae for the second experiment (establishment of L, in feeding
sites) were collected in the field as they emerged from hibernacula.
One balsam fir twig tip, with three swollen terminal buds plus the
previous year's needles, was placed in each of 210 containers. The
cut base of each twig was kept in water so that the buds could continue
to swell and open. Relative humidities were maintained with saturated
salt solutions. Five temperatures and six relative humidities were used.
Three larvae were placed in each container and the experiment was
replicated seven times. After sufficient time for establishment had

elapsed (6 days at 25.60C, 13 days at 70CY, the buds and needles
were dissected and the number of feeding larvae was recorded.
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In the testing of the effects of temperature on egg haich and

survival ¢ f Ly to L; only the 300C temperature had a marked effect
{Table 1), U ndf:r the remaining temperature regimes, average - -egg
hatch was 63 8% and average survival of L, to Ly was 47.9%. Because
of the Emz. hatch and low survival of L; to Ly at 309C, the overall
survival (eggs to La) was only 2.6% at 300C (Table 1). Under the
remaining temperature regimes overall survival averaged 33
highest survival was at 17.2°C (Table 1).

The effects of constant relative humidity on hatch
and survival of L, to L,are shown in Table 2. The lowest humidity,
12% significantly reduced egg hatch. Survival of L1 to L, and overall
survival {eges to Ly) were noticeably lower at 12, 34, and 559 relative
humidities.

The effects of temperature and relative humidity on the
establishment of second-instar larvae in balsam fir buds and needles
are shown in Table 3. The low number of larvae established at 13.30C
is regarded as an artifact, as establishment at the next higher and
lower temperatures was much higher. Of 630 larvae, a total of 411, or
65%, successfully mined the buds and needles and fed. ftmp;mm“
and relative humidity had lttle effect on the establishment of second-
mstar larvae.

Miller (1958) concluded that
hibernacula accounted for only 4% of the fall “dispersal” loss, Harvey
{Can. J. Zool. 35:549-572, 1957) noted that mortality of first-instar
larvae was particularly high in inbred laboratory stock, while Thomson
(Can. J. Zool. 36:499-311, 1958} reported 239 mortality during the
first instar. The data presented here suggest that temperature and
relative humidity are not likely to affect First-instar larval maortality.
Miller also concluded that the failure of second-instar larvae to es-
tablish a feeding site in the spring accounted for only 5% of the spring
“di@;}eriai" loss. Although my data show a 354 mortality at this stage,
there is no evidence to indicate that temp«,mture and relative humid-
ity have any effect on this mortality —A.W. Thomas, Maritimes
Forest Research Centre, Fredericton, N.B.
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Esti g the Number of Eggs in Spruce Budworm Egp Masses
in :‘%ewfﬁundlanﬁ ~The present outbreak of the spruce budworm,
Choristonewra fumiferang {Clem.), in Newfoundland and Labrador
began in 1971 and has become the largest and most severe infestation
ever recorded in the Province. Previous outbreaks of this insect were
mﬂ} of minor importance. Studies were initiated in 1972 on the bio-

logy and population behavior of the budworm to explore and,
Empd dly, to explain the differences from previous outbreaks and
to facilitate the forecast of population levels and subsequent damage.

Egg-mass surveys are routinely used for predicting spruce budworm
farval population levels and subseguent defoliation {(Morrns, Can.
J. Zool. 32:302-313, 1934). However, the size of the egg mass and,
consequently, the number of eggs per mass vary mnszdembh {K’ii er,
Can. J. Zool. 35:1-13, 1937, 2
RM-146, ‘?5@ Washburn and Brmk“ﬁ. rest Rn
F INT-138, 1973), and this may mﬁnenm p“»‘dmmxk Eg.g, ~ITASS
lmd ¢ \(?Whtﬂ, or predicting larval population levels were
adopted in Newfoundland {Brvant and Clark, Bi-mon. Res. ’\otu
31012, 1975), but egg-mass size and variation in the number of
per mass were not determined.

EoUS

This note presents data on the size of egg masses and the number

nf eggs per mass oviposited on balsam fir, Ahies balsames {1..) Mill
in Newfoundland. A total of 49 egg masses was collected in 1974 and

e
of 121 egg masses in 1975 from S0-cm-long branch tips taken from
the miderown of dominant balsam fir trees in western Newfound-
land after larval eclosion was completed. To facilitate the counting,
the masses were stained by soaking in1% aqueous solution of cotton

blue for 10 seconds followed by washing for 5-10 seconds (destaining)
in distitled water. This method gave better results than that described
by Jennings and Addy {J. Econ. tomol. 61:1766, 1968) and later
modified by Leonard, Simmeons, and Van Derwerker (J. Fcon. Entomol,
66:992, 1973}, The length and width of each egg mass were meastres
to the nearest 0.01 mm with an ocular micrometer on a stereomicros-
cope, and the number of rows in the egg mass and the number of eges
{chorions) in sach row were counted. Linear regression analyses were
used to relate the number of eggs per mass to the length or width of the
egg mass separately for egg masses having two, three, and four rows
of eggs.

"1‘1

Pwenty-four percent of the masses examined contained two rows.
679 had three rows, and 9% had four rows of eggs. Length of masses
ranged from 2.5 to 9.2 mm and averaged 5.2, 5.3, and 5.3 mm for
masses containing two, three, and four rows of egps, respectively
Miller {1957 reported that egg ma on balsam fir in New Bruns-
wick generally had two complete rows of eggs and a partial third row,
and the length varied from 2 to 9 mm. In Minnesota, Bean {J. Fcon.
Entomol. 54:1064, 1961} found that spruce budworm egg masses

on balsam fir usually comprmd two or three rows of eggs varying
10 mm in

from 2 to length. Bean (1961) also reported a skewed
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frequency distribution of the egg-mass lengths and therefore cantioned
against using an average number of eggs per mass for population
fn the present study. the mean versus median lengths were
1 mm for two-row ma 5.4 mm for three-row and
indicating that the difference between

5.0 for four-row masses,

the m and  median  egg-m length 15 peghigible. The
average number oi uﬂ\ %Or masses wi h two, three, and four rows
of eggs was 7{“} ané "p wvely, The average length for

szg = Fi’?é pres study, was 5.2 mm and d}e

This is higher than the |
in severe miwz‘ﬁmm l‘id the %5 3 in light infestations reported f.‘ﬁfv’
Mille { 19573, It should be noted, hm&cz’ﬁr that the average number of
eggs given by Miller (1957} was based on 996 and 7,429 egg masses,
respectively.

Regression analyses showed that egg-mass length provided a
better estimate of the number of eggs per mass than egg-mass width.
The former explained 68¢ riance and the latter up 1o 28
of the variance.

The number of eggs per mass was predicted from regression
equations for egg masses measuring from | to 9 mm in length and
containing two, three, or four rows of eggs (Table ). These predicted
numbers of eggs are in fair agreement with the regression estimates

for two- and three-row egg masses from Minnesota {Bean, 1961}
but are different from the mates presented for two-row, two-

FOW w%zh @ nam;ﬂ zhird row, and mm rou from ’\i‘z*m

AQ m<

ior mmrm& with a pama. {h‘rd row u:w masses from ;\m }3: unswick
{Miller, 19573, Therefore, the number of (,é;, s per mass predicted from
the regression eguations in this study will be used provisionally. The
accuracy of the equations will be tested for egg masses from Sia-
tions of different ages in bakam fir, and in ?ﬂabk and white spruce
stands at various locations across the Island.

The technical assistance of David S, Durlis
edged.Imre S. Otvos, Newfoundland Fo
St. Joha's, Nfid.

pratefully acknowl-
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Insects Inhabiting Wood-chip Stockpiies in British Columbia.—
Massive populations of insects in wood-chip stockpiles in British
Columbia have been reported to the Forest Insect and Disease Survey
at Victoria during the past several vears, They have occurred through
the central logging area of the southern interior at thm Williams
Lake, 100 Mile House and Kelo of chips were in-
volved and there was a considerable dixcrsm of insects. The main
food source was the meso- and thermophilic mxcmmngz which develop
quickly with the changes in temperature and humidity during the
various phases of chip degradation. Outstanding characteristics of the
insects were their small size {1.5-3 Q mrm}, their incredible numbers

approximately 1100 adults /liter {1 qt) of chips—and the shm’{ time
apparently required for the pupu!zﬁmm to materialize. Populations
are known 1o persist for at least 2 years and presumably could
continue as long as their environment remained suitable. The
insects caused no appreciable probl ems in the further processing of
the chips for pulp production, as indicated by commercial laboratory
and in actual utilization {pers. comm.}.

fexty

Hereunder are given ihc localities, collection data, species, status,
and relative abundance of the insects recovered. The individual
collections show the insect assoclations; within them th ecies are
listed in order of abundance. Carabids and staphylinids were identified
at the Biosvstematics Research Institute; other identifications were
made by the author, Percentages are based on chip samples of ap-
proximately 3 liters, each containing 33002 insects.

100 Mile House, June 29, 1971: chip stockpiler Silvanus
bidentatus (Fabriciusy (Coleoptera: Cucujidae) — a fungus fecder
100% {no other insects found). Kelowna, Nov. 4, (}7‘: 25,000 BD
spruce-pine  chip  stockpile  {(*bone-dry units: 1020 kg [2.250
b} dry weight), spot infestations throughout, uhcz‘e‘m: temperature
and humidity were high: Tachys nanus Gyllandel (Coleoptera: Cara-
bidae) — vegetarian, 919%; Arachnida (spiders) — predator, 3%; Staphy-
linidae {Coleoptera) — predator-scavenger, 2% Arheia sp. (Staphyli-
nidae) predator-scavenger, ] s {Horn)
{Coleoptera: Tenebrionidae) — Falpcria

iy
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¥ariation in Shoot and Needle Growth Patterns on 46-cm Branch
Tips of Healthy W mse %g)rufce ~The 46-cm {(18-m.) branch tips of
¢ fir {Abig e F § Milly and white spruce {Picea
; n widely used as a collection unit
Sumiferana {Clem.]) surveys
39:199-204. 1963, and 40:195-201,
Notes 28:31, 1972; DeBoo ¢t al,
: . ’»imtmwm and Benoit, Phyt \mmtev
3y This size of branch tip is often convenient 1o
o Crowns, to store and examine, and has char-
S e oviposition, feeding, and resting sites of
the budworm. (“uﬁerz{«yeur shoot growth on the 46-cm tip may also
g d to derive estimates of annual defoliation and bud damage.

is easy

There

Is

s interest in using the 46-com branch tip to monitor spruce

budworm larvae and damage in white spruce forests of northern
Alberta and the Northwest Territories. However, no data exist from

these areas on the within-crown variation of several foliage charac-
teristics of the 46-om unit for trees of different size that can aid in
the ¥ and interpretation of results. This study
reports on *b; variation in length of current-vear shoots, total length
ol shoots, number of buds, needle density of current shoots, and dry
needle weight of the 46-cm branch unit. Three naturally stocked
stands of white g e zh 1t showed no ;}f vious identifiable budworm

damage were selected near High Level, Alta. Stand 1 {averaze age
83 vr}y was predomi mmn w*ziz* \?TLL:, with scattered trembhing

aspen {Popudus remudoides
spruce 44 yr) and stand HI {
overstory of trembling aspen {i‘ahi- }

I v.h e stand 11 average age of
e of spruce 30 yry both had an

Y 2
).

selected from each stand for the
cardinal directions were marked on the main
to designate four equal guadrants; then each tree

Ten codominant spruce were
foliage analy

stem of each tree

The ¢

shoot length
) tips from spru

was felled. On trees from stand 1 the 1wc crown {average lengih
.8 my was divided into Tour equal levels, designated A {uppermost
guarter), B, C, and D, A 46-cm branch tip was clipped from near the
center of each level quadrant, the vield being 16 branch tips per tre
Procedures for samphng stands 1] and {1l were wdentical, except that
because of their smaller size, three equal crown levels (A, B, O
were measured on stand I trees (12 branch tips per tree) and two
ca;a&i levels {A B on stand 111 trees {8 branch ups per treg). The
i 5iw crown of trees from stands 1T and 11 were
Al folinge samples were collected in
Eﬁ}fnéx hm to standardize sample units all 1968 shoot
fuded.

June,

"»sz and
growths were exc

For each b anch tip the foliated surface was estimated as the pro-
duct u 1{\ tength and the total midpoint width {Morris, Can. J. Zool.
1955y, The length of 1967-formed shoots was measured

arately imm the total foliated shoot length of the 46-om tip be-
cause budworm larvae prefer current vear's shoots as food over
older needles. All Hive terminal, lateral, and internodal buds that pro-
duced new shoot growth in 1968 were counted, because all were
considered potential feeding sites of second- and third-instar larvae.
Needle counts were made on 15-cm lengths of 1967-formed shoots
from each branch tip. The needle weight on the 1967-formed shoots
was determined from a sample of 100 needles per branch tip after
drying at 1050C. Needles formed prior to 1967 were measured as a
group. Branches were atr-dried to the point of needie drop.
were mixed and a sample of 100 needles representing several years’
growth was dried at 10539C and weighed.

J"‘

edles

af

frants within

the branch tips suggested no differences between
levels of each tree age class with respect to all
characters, Branch-tip surface a varied between crown
fevels of trees within the same stand, and also between crown levels
of the different stands {Table ! ean foliated surfage area per

tree was 1,261, 970, and 787 cm? respectively for stands 1, 11, and
111, Within crowns of trees in each stand, folinted surface area was

least in the A crown levels, while in stands [ and Il maximum foliated
arca appeared to be at miderown level or below.

The pattern of total shoot length within and betwesn crowns
of {E e three stands dpp eared to be similar to that for surface area

{Table 1} In stands | and 11 highest total shoot length occurred at
or below miderown level, An explanation for this may be that max-
imum  shoot length coincided with maximum number of vyears

of foliated shoot growth, although this was not verified. Growth of
1967-formed shoots in crown level DD of stand I and level C of stand 1
was greatly reduced and occasionally absent. The longest growth of
1967 formed shoots occurred m the upper crown, as expected, but
was progressively less in trees of the vounger stands sampled.

TABLE Y

mbers of Hv
CTOWRS 16 1

Nooof
Hve 1967 Pre-1967-
Stands g formed formed
i 83 i A i 4.3
B H 53
s H 37
b} i 22
) 44 i A 47520 265050 4.6 2009 432007
B i a7 21 .51 4.4 £ 0.13 442008
< 12215 1502082 43z01 452608
i1 30 10 A s 1% 4320.12 4.1 007
B 3214 4.1 2015 4.2 2 D09

*Crown level A was uppermost,
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Within each age class of trees the numbers of five buds p&a”
branch tip decreased from the upper level w0 the lower level and, «
the average, were considerably on trees in stands 1 and 11 z§*
on trees in stand 1 Data obtained in 1971 revealed that 4{){;;; by
tips in two spruce stands similar in site and stand characte
to stand 1 had nearly identical numbers of buds in the four crown
tevels as stand 1, even though they were from different areas and
were collected at different times (Cererke, unpublished data).

qudmm' uﬁ m@d avail a?&k o Ea. ae
site by female moths {Greenbank, Entomol. Soc. Can.
202-218, 1963 fler, Entomol > sz. Mem. 33
in the present study highest needle t
length occurred in the upper crown le C
base {Table 1). This finding lends supmm to the o I
bution of eggs and larvae in tree crowns {Morris, %ﬁ; Harris,
1963 and 1964) and to the fact that female moths prefer 1o oviposit
on relatively new needles and on shoots with closely spaced needles
{Greenbank, 1963). However, needle density per centimeter of shoot
may vary with rate of shoot growth (Smith, Can. J. Forest Res. 2:173-
178, 1972,

Average dry weights per needle of 1967-formed and older needies
for each age class of tree were similar, but within crowns of the three
age classes different trends were apparent. On trees from the
younger stands, I and HI, dry weights of the 1967-formed needles
decreased down the crown, whereas dry weight of older needles
showed a trend of increase down the crown. These data agree with
those of Smith {1972}, who reported a decrease in dry needle weight
down the crown of Douglas-fir and western hemlock and a general
merease with age of needles. On trees from stand | maximum weight of
both 1967-formed and older needles appeared to be near miderown
tevel, Similar data collected on open-grown Douglas-fir revealed signi-
ficart differences in dry needle weight between upper and lower crown,
between old and new needles, and be{weeﬁ wall and short trees
{Mitchell, USDA Forest Res. Pap. PNW-181:1-14, 1974). In the present
study on spruce only the pattern of dry Wu@h{ of 1967-formed
needles in trees from stands II and 11 was consistent with findings
in Mitchell’s study. Some of the variability in needle dry weight may
be attributed to variation in needle size.

The results of this study provide a general description of the
4é-cm branch tip as a collection unit on nondefoliated northern white
spruce and may serve to identify some problems inherent in its use
for surveys of spruce budworm abundance and damage, such as are
encountered when changes in growth pattern occur after budworm
feeding. Variability in the collection unit may change with duration
and intensity of defoliation. On trees subjected to several years of
heavy budworm feeding, the effects of defoliation may alter the normal
growth pattern of branch tips differentially down the crown through
loss of needles, twig and bud morwlity, and stimulation of epicormic
shoots (Batzer, Environ. Entomol. 2:727-728, 1973). Asan example, in
a budworm outbreak near Fort McMurray, Alta., bud numbers on 46-cm
tips increased two- to threefold (average 101 25.F. 5.7). and sub-
sequently the branch tips grew somewhat three-dimensionaily in
form. Such a change in branch form may result in increased cmreﬁ\:-
year shoot growths on the 46-cm tp and possibly provide a les
meaningtnl measurement of relative budworm abundance.

Bud numbers per branch tip may be & useful criterion for
expressing abundance of second- and third-instar larvae since they
mitially feed within the buds. Farly spring mining of needles has
not been observed thus far in northern Alberia. Larval and egg abun-
dance may also be expressed in terms of weight of the 46-cm tip
as discussed by Morris {1935).

For most general surveys of the budworm in northern spruce
forests, the 46-cm tip as a sample unit i probably adeguate and
should be taken from the midcrown level of the tree (Miller et al,
1972). However, data in Table | indicate that 46-cm midcrown tips
from trees of different age are not equal as sampling units with respect
to several foliage characters, and caution 13 therefore necessary
in comparing budworm abundance and damage in different stands,
When the miderown level is sampled with conventional pruning
tools, this height is convenient to reach in most Immature spruce

alt in mature fo

. Edmonton, Al

’\ewi{mﬂéianﬁ ié“w
} Europe a
America about
This insect was di
{ mé spread throughout the island and
most i‘ng;(% tant pest of white birch (Benda papyrifera \idmiﬁ }éR
and Brvant, Can. En 407414, 1 The most common
damage is the browning %i foliage; but, when populations are high, the
tarvae destroy the flushing buds and m ay cause twig, branch and
sometimes tree mortality,

in 1968 the Canadian Ei}*‘t,\lz} Se L in mmpwximn with the
Commonweslth Institute ¢ ical 'C\mim
wmmi program against the birch casebearer by
of European ?zwm:nwpfemm parasite x;}@mu’; witi i?z»;
introducing some of these into Newfoundland, Introductions began in
"}"71 and were terminated in 1975, Details of the releases in 1971 and
1972 have been published (Raske, Nfid. Forest Res. Ce “”i‘fc Inf. Rep. N~
X~ {58, 1974y, and this report presents data on allthe releasesand on the
recovery of parasite progeny

The parasite species released in all years were two speci

$ com-
plexes: Campoplex spp. {Ichnenmonidae) and Apantelesspp. {Braconi-
dae}. The Campoplex complex consisted of € boreafis and an un-
described specigs. The Apanreles complex included three species:
predominantly 4. coled mfwrz ve, and a few each of 4 mesoxaniius and
A, corvinus {(H. Pschorn-Walcher, mmu%*i‘;h“d} Livingi aduals of
oth species complexes could not be identified; therefore exact numbers
each species released are not known.

Campoplex spp. were released in western Newfoundland (C
mack} in 1971 and in central Newfoundland {Badger) in 197210 3.
Apanreles spp. were released in eastern Newfoundiand {Gambo) m 1974
and 1975 (Table 1). All parasites were released in August, when a high
percentage of the host 15 in the first-instar larval stage, susceptible 1o
the parasite.

In 1974 at Gambo, the parasites Apameles spp. were released onto
two trees caged in the same manner as for the 1971 and 1972 releases
{Raske 1974}, Parasites were released beneath uncaged trees atall other
times, but always within 40 m of the trees caged in the p ymvmm years.

Birch casebearer pupae were collected at the release site in mid to
late July before parasite emergence began, and placed in closed opagque
containers for rearing. At Gambo host pupae were collected from four

&

TABLE Y

1973 1974 1975
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fmg od tree, AtCormack and Badger host pupag
midcrown branches of several trees, ImieSm
used for parasite re i EVIOUS YEATE

a% DATASite Progeny Wers recoversd
‘1 but each species mrngﬁ

o genera are strong flers

presented.
rse well,

Tﬁmmm«v spread over lo efore their
numbe tocality, and i may th e be 2to

3 vears before establishment can be determined and « m&m m{‘ 8 ﬁmn
10 years before the stiveness of the parasites can be evs

AG. Raske, Newfoundland Forest Research Centre, St Jot

PATHOLOGY

Microflora Associated with Elm Bark Beetle Feeding Niches
Suggests Biological Control of Duich Elm Disease.—In a study by
Gardiner {Alternatives in Forest Insect Control, Great Lakes Forest
Research Ce mposium  Proceedings O-P-2, June 1973) the
%mpvname of ov "T\%mwrmg native elm bark beetles, #ylurgopinus
rufipes {Eichhl), transmission of Cergrocvsris wimi{Buism.) C. Moreau,
the causal fungus of Duich elm disease {DED)Y, was discussed. His
resuits showed that adult beetles that overwinter in the bark on the
lower trunks of healthy elms and that feed in the spring in the upper
branches are prime suspects in the transmission of . wing. Noevidence
was found to suggest that adults from the i)‘»‘ﬁfkir’iﬁi&%";ﬁg %;‘m al group
feed in the upper branches in the way the overwintering beetles do.

The importance
ransmission warranted {
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groups in disease
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Nurmber of #im bark &
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The pcm ish culture was then inoculated with
¢ the wood chip. The cultures were al-
and any evidence of inhibition of growth of
) sas measured and recorded. Many fungt from the waad*"'h%ns
grew over Cldmi before it became well established and thes
mb“mmw mto plates in which € whd was established.
cultures that inhibited € i were separated, and each
mgzsszéxm was plated separately against O, wimd. Microorganisy
strongly inhibited €. wlmi were stored for future work.

aw 1o 2 weeks,

MICToe-

18 that

The level of bark beetle activity within the sanitation area wy
5 different from that found in outside areas. OF the nine trees
examined in the sanitation area, five had no feeding niches and four
contained a total of 39 niches. Thirty of these wounds were in one tres,
which was growing near the bank of the St. John River at the extreme
edge of the sanitation area and immediately adjacent to a group of
elms infected with O wimi (DED). By contrast, 854 feeding niches
were ?mimﬁ in the nine trees examined from the three outside areas
{Table 13 These ohservations are in Ke mmv with those recently re
ported b}‘ Sterner {Bi-mon. Res. Notes 32:20, 1976). His survey
revealed that the number of elm beetles %n the sanitation area of
Fredericton was significantly lower than that found outside the pro-
tected area.

isolation attempts from wood near the 893 feeding niches
resulted in growth of 693 isolates of microorganisms of which only
1% were identified as C. whni. Of the remaining 877 cultures of bac-
teria and fungl, 97 (14.38) were found to inhibit the growth in vitro
of €. whni {Table 1). Furthermore, it was noted that most of the 677
micreorganisms grew faster than O whni m culture. This suggests
that mdﬁ} of these organisms may effectively reduce the incidence
and spread of €. wlni in nature.

ined {rom four areas in New Brunswick, June 1973

Isolations

Mo, of

Unidentified Cultures

Two Two infibitory
Aren ees O padmd Fungi Bacteria ha‘tcrsum fungt bacteria 1o O whni
i @ i 0 i 2 3 12 i 4 43y
2 3 % 53 1 2 2 13 2 3 543
3 3 220 43 2 19 24 134 i 0 30028)
4 3 356 82 i 116 67 252 25 8 SE{41}1
Total i8 893 {98 18 139 93 411 29 5 97

was imtiated in the spring of 1973 to provide data concerning the in-
cidence of €. w/mi and the possible interaction between the pathogen
and other microorganisms that might be found in wood surrounding

feeding niches made by overwintering adults

Eighteen apparently healthy elms, 10 to 15 om dbh, were selected
for examination. Nine of the trees were in the City of Fredericton, N B,
{Area 1, Table 1}, where a program of sanitation {pruning of dead
iimbs and removal of dead and discased trees) was initiated in 1952
to reduce the population of the native elm bark beetle. Also, three
trees were examined at each of three locations putside the sanitation
area. 2 was adjacent to the north boundary of the sanitation area
whiis Areas 3 and 4, Taymoeuth and Jemseg, were bevond the city
limits, 30 km north and 80 km east, respectively

Area

All trees were cut at ground level, sectioned
laboratory, and examined éarinz June 1975, The trees were peeled,
except for the tips of branche than 1.5 cm diameter, to reveal
feeding niches resulting §mm the activity of overwintering adults
of the native elm bark beetle. All beetle-feeding niches that pene-
trated the xvlem were recorded and a small plece of wood near gach
wound was excised aseptically and imbedded in 240 potato-dextrose

transported to the
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More recent investigations by Gardiner {Great Lakes Forest
Res. Cent., Forest Res. Newsl,, 5[4}, 1976) revealed that overwintering
wative elm bark beetle adults carry a significantly greater number of
3 wlmi than do either adults from overwintering native
larvae or adults of the spring flight of the European beetles. This has
prompied him to suggest that further control of DED might be ac-
complished by applying an insecticidal barrier to the lower 2 m of the
trunks of healthy elms to prevent overwintering of the native beetles.

The present findings suggest that overwintering adults may
be vectors of both antagonists and pathogen or that, at least, their
feeding niches may provide entry sites for antagonists. In either
mstance, it mav be possible to further enhance what appears to be
natural biological control of (. wlmi; te. apply either organic nutrients
to the lower trunks of healthy elms to encourage growth of naturally
occurring antagonists, or heavy concentrations of microorganisms that
are highly competitive or antagonistic to growth of C. wimi—M.A.
Stillwell, Maritimes Forest Research Centre, Fredericton, N.B.

Growth of Cordyceps miliraris in Liquid Shake Culture —The
general culturing of the parasitic fungus Cordyeeps militaris {L.)
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Figure 2. Ampulliform hyphas of Cordveens militeris.
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hyphae {Fig. 2) were produced in later stages of
st They consisted of a series of enlargements in
and were separated by heavy septa. Thev were
ar w*m and might repres nt the early stage of

w hyphal pellets were

Hﬂm stroma
ulture.—A. Funk, Pacific

w
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Monoammonium
Water-soluble Preparation from Scytalidin.
ux Seyiafidium sp. (Strunz et al., J. Chem.

Scytalidamate  {(MASAY a Fungitoxic
Scytalidin, 1L a metabolite
Soc. Perkin Trans, 1:2280,
Overeem and Mackor, Rec. Trav. Chim. Pavs-Bas 92:349,
1973 has been shown 1o be mmc in vitro against a wide spectrum
of fungi, wcmd ng Ceraroey fmi, the fungus associated with

i
Dutch elm b well as many organisms that cause stain and

decay of pulpwood chips in outside rage {Stillwell et al, Can. 1.
Microbiol. 19:397, 1973).
The solubility of seyialidin in water at ambient temperature

low and, for
cation of

further biological evaluation, a water-soluble mod
the msmbo ite retaining activity against the above micro-
1 was required. Material produced by reaction of scytalidin
¢ md ammonia, as described below, is believed to consist mainly
ammonium sevialidamates,” designated MASA,
red solubility characte mms and fungitoxic

and
properties,
In a typweal preparation, liquid a

into a two-necked flask containing
when stirred

i {ea. 15 mi was distilled
talidin (100 mg). The mixture,
u'u}u f‘*ﬁux uir\ -1e umdwsgr oda-lime drying tube)
ammonia was then
allows i m evaporate, its remm‘ai hcinw facilitated by a stream of
nitrogen and, finally, h}; vacuum. The absence of unreacted starting
mate s demonstrated by thin-layer chromatography analysis of
the crystalline product. Evidence that a major component
of the product mixture retains one intact anhvdride function is found
in the infrared (KBr) spectrum, which still shows the appropriate
absorptions at 1,845 {wy, 1825 {w), and 1,767 cm-!, besides bands at
lower frequencies attributable to amide and carboxylate functionality.

Farther support for this conclusion is found in the observed
itrogen content, 7.8 {calculated for monoammonium scytalidamate,
99 for diammonium seytalidamate, Uy Hyo NoQy,

The most abundant ion in the high mass region of the mass spec-

trum at mje 403 is interpretable in terms of the imide resulting
from pyrolysis of a {mono) ammonium “amic acid” salt. {Such a

transformation can also be effec

ASA in toluene.)

b, iiia,

ed by refluxing

Four isomeric monoammonium scytalidamates, Ila,
and Hib, are theoretl ible, and MASA may comprise a
mixture of all four isomers {(Fig. 1), Furthermore, four additional

s may result if both anhvdride groups undergo reaction with
ammonia: the presence of such compounds as minor products appears
iikely. € %xmmsmgip*m studies were not informative with respect to
these possibilities.

species

The survival of one anhydride group under ammonolysis con-
ditions may be due to polar and/or solubility factors. Undoubtedly,
by altering reaction conditions, e.g. by the use of cosolvents, the
compuosition of the ammonium scytalidamate mixture can be altered,

Bt

Solutions of MASA (50 mg) in water {30 mD) gave pH readings of
0z 0.2, On gradual addition of IN HCI, negligible turbidity {pre-

1tion) was evident until the pH dropped below 5.8,

After adjustment of the pH to ca.

I, the suspension was stirred
thoroughly for several minutes and was then extracted with chioro-
form. Crude seytalidin could be recovered from the extracts in high
yield.

The resulis of the
published in a
Strunz, P.
Centre,

biological evaluation of MASA will be
future communication by M A Stillwell et al. G .M.
Kazinoti, and W.Y. Ren, Maritimes Forest Research
Fredenicion, N.B.
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Cond

Inpbction
method D35 1 <5 Frisi 131 <50 1% 56
FR R {al root iz i3 H H
1572 {a) romt 31 449 & il
1973 H &0 i 23 143 3 BN
i i 7
;
1973 patl ¥ H i i 1
145 Q9 154 e 3
Totals 226 3% 74 438 o 24

MBO-P by

OSTC ehmemjection oot

Healthy

Total
Year T
treated D=0 D<A D50 [ __f“‘r DI>30
1974
2 ! 3 0 &
37 4 53 aQ i 4
14 4 42 i b kL
1974 Goverament
{8 youm 33 & I 42 8 H
{b} flare 23 i 24 £
{¢) combination {avh) 12 8 ! 3 o 4
Totals 113 &2 4] 183 g 4 8

- Vot
},ﬂlww commercial arborists located

“Government agencizs include oith wn and Hamilion and Niag

s of
when the first injection was made during the injection season, provide
that it was reinjected before the end of June of the following vear.

to be continuously protected against natural infection, regardles

Table I shows that treatment of diseased elms with a DI greater
than 30 usually results in high losses even during the peried of chemical
effectiveness. Generally the diseased elm appears to respond to treat-
ment in the first year but gradually declines in spite of repeated
injections. However, if enough chemical solution is injected vearly into
the diseased elm through severed roots, the tree can be maintained,
although each year more of the elm succumbs to the disease. Eve muaiiy
the elm reaches a point at which it has little or no aesthetic value owing
to the yearly necessity of pruning back branches with DED symptoms.

Root-flare injections of diseased elms with a D1 of less than 50
usually resulted in relatively high losses during the period of chemical
effectiveness in spite of repeated yearly treatment. Fleven of the 19
diseased elms were lost within the period of chemical effectiveness. No
root-flare injections of diseased elms with a DI greater than 30 were
carried out.

Injected elms that were not reinjected gradually returned to the
degree of susceptibility to natural infection considered normal for that

23

particular area after the period of chemical effectiveness. In general, by
ihL second or third vear after injection, the rate of natural infection of
thase formeﬁy necied elms had approached a level similar to that of
untreated elms in the vicinity, Thus, the importance of a continued
reinjection program cannot be overemphasized, once the decision is
made to inject the elm.

The first Ontario Shade Tree Council{OSTC) elm injection course
emploving MBC‘»? was given on July 15, 1974, Seven commercial
arborists and ten i Is representing eight government agencies
were trained in {ifw proper use of MBC-P for direct control of DED.
Eight groups from the 1974 course treated a total of 185 eims in 1974,
The others did not begin elm injfections until the spring of 1975, The
results of their efforts are presented in Table 2 and are generally similar
to those presented in Table 1 for root and root-flare injections.
Although emphasis was placed on root injections, more elms were
injected by commercial arborists by the root-flare method, reflecting
the greater effort and costs required in root injections.

Table 2 contains a category of injection termed “combination,”
which comprises partial root injection and root-flare injection, ie. a
combination of the two methods of injection, involving root injection of
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FOREST PRODUCTS
A Method for Differentiating Heartwood and Sapwood in Un-
seasoned Timber. —Iniually, young tree stems are composed entirely
of supwood. As the stem increases in di the wood
in the central region becomes separated | riher and far {;
bark, and the living cambial tissue ey
P changes and ultimately becomes heartwood. The process of
ormation to he artwo Qd s 5ecomp +d by changes in the nature
the wood. In some
3 ang ;eiaz% with heartwood formation
&L.Aw m» color ef the wmé 5o that the demarcation between sap and hecauvse the
heart 18 readily apparent {cedars and oaks im examplel. In other 15
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From a techaological  pommt  of  view, the most
Tportant \iﬁcrm” s between %"arfwoeié and sapwood are pro-
sbly the differences in natural resistance 1o decay and in permea ;
atural resistance 1o decay thm increases in he fmmmd {‘x‘ rk ui%x
i some species such as the cedars and xﬁmc oaks) bec ertain
heartwood exiractives are ToXic 1o microorgs 3
Permeability, on the other hand, usually dec § in heaf{v« ood
because many of the pathways in the fine structure of wood become
blocked by emmsimv shstances, A means of distinguishing between
sapwood and heartwe important: the differences in permea ’{7%
between these two tvpes of material influence not only the treatabili
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