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INSECT PATHOLOGY 

Isolation and Culture of Massospora lev;spora. -
The fungus Massospora /evispora Soper, a pathogen of 
the adult stage of the cicada Okanagana rimosa (Say), 
was discovered near Searchmont, Ont~, where its host is 
periodically abundant (Soper, Can. J. Bot. 41 :875-878, 
1963). 

Infected cicadas bearing conidia of the fungus were 
collected near Whitman Dam, Searchmont, in June 1971. 
The conidia were scraped from the conidial mass using a 
sterile needle and suspended in Grace's insect tissue 
culture medium (Grace, Nature 195:788-789, 1962), 
supplemented with 5% (v Iv) fetal bovine serum (FBS), or 
in modified insect tissue culture medium (Yunker et aI., 
Science 155: 1565-1566, 1967). The conidia germinated 
within 24 h at ambient room temperature (22 ± 1° C) by 
means of a single germ tube about 5}.Lm in diameter, often 
followed by the formation of one or two secondary germ 
tubes. In most cases, however, the protoplast did not 
divide, but migrated along the primary germ tube. Septa 
were formed at intervals along the germ tube behind the 
advancing protoplast. The germ tubes did not proliferate 
further, but on the modified medium after about 7 days 
incubation the protoplast was released into the medium, 
where it began to multiply vegetatively in a manner 
similar to that recorded earlier for Entomophaga 
(=Entomophthora) egressa Macleod and Tyrrell (Tyrrell 
and Macleod, J. Invertebr. Pathol. 12:755-760, 1972). 
The isolation experiments were repeated with conidia 
collected from the same area in June 1978, when it was 
found that a 50:50 (v I v) mixture of Grace's medium and 
FBS, or FBS alone, were also suitable media for isolation 
of the protoplast stage that appeared in the cultures after 
8 days incubation. Once established in culture, the 
protoplasts can be routinely subcultured on Grace's 
medium )lJus:-S~F{iS."~, 
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The "demonstnltir)fi tha:~ Massospora /evispora can 
exi~{ and ~ultiply as a protoplast thus brings to six the 
nulttber of entomoph~moraceous fungal genera in which 
one'~ or more species has been shown to manifest this 
profit:rty"~ either in culture or in Vivo. The other five are as 
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follows: Entomophaga (Tyrrell, Exp. Mycol. 1:259-263, 
1977); Erynia. Trip/osporium (=Neozygites), and Ento­
mophthora (Butt et aI., J. Gen. Microbiol. 127:417-421, 
1981); and Strongwellsea (Humber, Ph.D. thesis, Univ. 
of Washington, 1975, quoted in Butt et al. 1981). 

This information confirms an earlier suggestion 
(Tyrrell, 1977) that the phenomenon is more widespread 
than was suspected in entomogenous fungi. - D. Tyrrell 
and M.A. Welton, Forest Pest Management Institute, 
Sault Ste. Marie, Ont. 

Viruses Infecting Five Species of Lepidoptera. _ 
Pathogens occurring in wild insects are routinely identi­
fied in specimens obtained from survey samples. This 
report includes the description of viruses infecting five 
species of Lepidoptera; these are considered to be new 
records except where noted. The viruses were tentatively 
identified by microscopic examination of squash pre­
parations of larvae using dark-field or phase contrast 
illumination. The identifications were confirmed by 
electron microscopic examination of material prepared 
following standard fixing and embedding procedures 
(Percy et aI., Can. J. Zoo!. 58:2105-2115, 1980). 

A sample of the chain-spotted geometer, Cingilia 
catenaria (Drury) (Geometridae), was collected in 1979 
from larch in East luther Township, southern Ontario. 
Several specimens were found to be infected with a 
mUlti-capsid nuclear polyhedrosis virus (MNPV) (Fig. 
I). The presence of an NPV in populations of this insect 
has been previously reported from material examined in 
Quebec in 1973 (Martineau and lavallee, Annu. Rep. 
Forest Insect and Dis. Surv., Can. For. Serv., p. 31-49, 
1973). 

A sample of the juniper looper, Therajuniperata L. 
(Geometridae), was collected in 1978 from red juniper in 
Sault Ste. Marie, Ont. A total of 23 larvae were 
examined; three were infected with a cytoplasmic 
polyhedrosis virus (CPV) (Fig. 2). 

A sample of the cherry scallop shell moth, Hydria 
prunivorata Ferg. (Geometridae), was collected in 1981 
from black cherry in South Walsingham Township, 
Simcoe District, Ont. A total of 31 larvae were examined; 
two were infected with a granulosis virus (GV) (Fig. 3). 
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Figure I. MNPV from Cingilia calenaria. 

Figure 2. CPV from Thera juniperala. 

Figure 3. GV from Hydria pruni\'orara. 

Figure 4. GV from Art'hippus packardianus. 

Figure 5. GV from Rhyacionia huoliana. 

ib = inclusion body; v = virus particle. 

Samples of the spring spruce needle moth,Archip­
pus packardianus (Fern) (Tortricidae), were collected in 
1953-1954 from Nipigon, Ont., and again in 1967-1968 
from Portage La Prairie and Malonton, Man. Granulosis 
virus was tentatively identified from the first sample and 
confirmed in specimens obtained during 1967-1968 (Fig. 
4). 

A sample of the European pine shoot moth, 
Rhyacionia buoliana (Schiff.) (Olethreutidae), was col­
lected in 1980 from Richmond, B. C. A total of 85 larvae 
were examined; 26 were infected with a granulosis virus 
(Fig. 5). This report is the first one of a virus occurring 
naturally in this species although it is known to be 
susceptible to the granulosis virus of the codling moth, 
Laspeyresia pomonella L. (Olethreutidae) (Huber and 
Dickler, J. Econ. Entomol. 70:557-561, 1977). - John 
Burke and Jean Percy, Forest Pest Management Insti­
tute, Sault Ste. Marie, Ont. 

PATHOLOGY 

Fireblight of Wild Raspberry on Clear-cut Forest 
Areas. - Fireblight of cultivated raspberry has been 
reported in the United States and the name Erwinia 
amylovora (Burr.) Winslow et al. f. sp. rubi was proposed 
for the causal organism (Starr et aI., Phytopathology 
41:915-919, 1951). In a search for diseases that were 
potentially effective in biological control of wild rasp­
berry (Rubus idaeus L. var. strigosus [Michx.] Maxim), 
a species that interferes with the establishment and 
growth of forest trees, a similar disease was found on 
clear-cut forest areas in the Maritimes. 

The disease appeared as extensive blackening of the 
juvenile sterns and leaves of plants in localized patches. It 
was first observed on the Ca pe Breton Highlands of Nova 
Scotia in July 1979 during a period of wet weather. In 
1980 it was not observed, but early in 1981, mild 
infections were found in the Green River Watershed of 
New Brunswick. 

Cultures were readily obtained by incorporating 
small amounts of macerated tissue in nutrient dextrose 
agar. The bacterium grew readily on Miller-Schroth 



medium, glymg orange colonies characteristic of E. 
amylovora (Miller and Schroth, Phytopathology 62: 
1175-1182, 1972). Electron micrographs showed flagel­
lated, rod-shaped bodies similar to published photo­
graphs of E. amylovora (Van der Zwet and Keil, USDA 
Handbook No. 510, 1979). 

Numerous inoculation attempts were made in the 
field and greenhouse by applying suspensions of bacterial 
cultures or freeze-dried bacteria in talc to juvenile plants. 
In the greenhouse, inoculated plants were left in a mist 
chamber for several days, and one series was subjected to 
cold treatments before and after inoculation. In the field, 
inoculations were performed at the beginning of a rainy 
period. In most cases, mild symptoms were observed I wk 
after inoculation, but severe symptoms, as found in Cape 
Breton in 1979, were not produced. Further studies on 
the physical requirements for survival of the bacterium 
and infection of plants are needed before this organism 
can be considered a potential biological control agent. In 
research of this type, consideration must also be given to 
the effects of pathogens on closely related cultivated 
plants, thus transfer of more pathogenic strains of the 
bacterium (if they exist) from other regions is inadvisable 
at this time. - R.E. Wall, Maritimes Forest Research 
Centre, Fredericton, N.B. 

TREE PHYSIOLOGY AND ANATOMY 

Timing and Duration Effects of Gibberellin and 
Fertilizer Treatment on Strobilus Production in Young 
Western Hemlock. - This investigation was conducted 
to identify the appropriate timing and duration of 
gibberellin-based treatments for induction of strobili in 
seedlings and rooted cuttings of western hemlock, Tsuga 
heterophylla (Raf.) Sarg. Production of male and female 
strobili may be induced reliably in juvenile plants of this 
species through applications of the gibberellin mixture 
A4j7 and nitrate fertilizer. This method, based on the 
relative efficacy of less polar gibberellins compared to 
more polar forms such as A) (Pharis and Kuo, Can. J. 
Forest Res. 7:299-325, 1977) was developed through a 
series of field experiments (Ross et aI., Can. J. Forest 
Res. II :90-98, 1981), with further improvements achieved 
through imposition of water stress (Brix and Portlock, 
Can. J. Forest Res. 12:76-82, 1982) and increased 
temperature (Pollard and Portlock, Can. For. Servo Res. 
Notes 1:21-22, 1981). However, environmental refine­
ments have also increased the need to limit duration of 
treatments, because the costs of both gibberellin applica­
tion and environmental control tend to deter the use of 
these treatments in operational breeding and seed 
production. 

When applications of gibberellin were delayed until 
early July, the reproductive response of western hemlock 
seedlings was drastically reduced; furthermore, little 
benefit resulted from extending treatments from 6 to 12 wk 
when commenced in late May (Ross et al. 1981). The 
objectives of this experiment were to identify more 
clearly the period critical for maximum response and to 

3 

determine the degree to which treatments could be 
shortened without reducing this response. Experimental 
materials were 3-yr seedlings and rooted cuttings. The 
experiment comprised a series of sequential or overlap­
ping treatments applied in the spring of 1980, conducted 
in a heated greenhouse to enhance strobilus production. 

Seedlings were reared in a peat and vermiculite mix 
in Styro-2 containers in a heated greenhouse, and were 
transplanted into 15-cm diameter plastic pots at the 
beginning of their 2nd yr. From transplanting to the 
beginning of the experiment, seedlings were grown in a 
shadehouse at the Pacific Forest Research Centre, 
Victoria, B.c. Cuttings, rooted in beds of sand, were 
similarly transplanted and reared in the shadehouse until 
their 3rd yr, when they were transferred to the greenhouse 
immediately before treatment. Each treatment contained 
10 seedlings and 10 rooted cuttings, arranged in a 
randomized design of 5 blocks. Each block contained 
nine rows, with two seedlings and two cuttings in each 
row for each treatment. The nine rows represented eight 
treatments and an untreated control, and were tempo­
rarily separated from adjoining rows by plywood sheets 
during spray applications of gibberellin solution. 

Treatments consisted of different periods of weekly 
application of A 4j7 , combined with 10 g calcium nitrate 
applied every 2 wk to the soil surface. Dates of 
commencement ranged from 8 April to I July 1980, with 
durations from 4 to 16 wk. The full span of the 
experiment period was 8 April to 29 July 1980. Periods of 
each treatment are defined in Figure I. Gibberellin A417 
was used at a concentration of 200 ppm by weight, 
dissolved in distilled water with a wetting agent (0.1 % 
Aromox C I2 W), and sprayed until all foliage was 
dripping wet. All plants were watered weekly. Green­
house temperatures were maintained at a minimum of 
24°C and increased up to 31°C in sunny periods. 
Photoperiods were natural. 

Plants were returned to the shadehouse at the end of 
the final treatment period (29 July 1980) and were 
watered periodically until strobili were counted on 
emergence in April 1981. 

Analysis of variance (Table I) of male and female 
strobili produced in seedlings and cuttings (Fig. I) 
revealed significant effects of timing and duration in all 
responses except female strobili in cuttings. Examination 
of residuals in Table I illustrates the more erratic 
response of cuttings compared to seedlings. The incon­
sistency of cuttings also obscured trends that were clearly 
evident in seedlings. Seedling responses indicate that the 
critical period for strobilus induction is protracted, and 
cannot be identified with any single 4-wk interval during 
April-July. In fact, best results were obtained for both 
male and female strobili when treatments were applied 
for 12 or 16 wk. Treatments commencing in April yielded 
consistently good results for male strobili. These con­
clusions were supported moderately well by the response 
of cuttings, although an 8-wk treatment (April-May) 
resulted in consistently high production of both male and 
female strobili. Control plants produced no strobili. 
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Figure I. Effect of different periods of gibberellin and fertilizer treatment on average number of strobili produced in western hemlock plants. 

TABLE I 

Analysis of variance of numbers of strobili produced on hemlock plants 
after different periods of treatment with gibberellin and fertilizer 

Degrees of Mean 
Source freedom square F-ratio 

Male strobili on seedlings 
periods 7 10129 5.6* 
blocks 4 2457 1.3 
residual 60 1793 

Female strobili on seedlings 
periods 7 8417 3.6* 
blocks 4 4010 1.7 
residual 60 2344 

Male strobili on cuttings 
periods 7 21117 2.7** 
blocks 4 12731 1.7 
residual 69 7639 

Female strobili on cuttings 
periods 7 16969 1.1 
blocks 4 21164 1.4 
residual 60 14918 

• Significant at P=O.OI 
"Significant at P=O.05 
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The more advanced sexual maturity of rooted 
cuttings is reflected in their greater sensitivity to all 
treatments, with higher yields of strobili in most 
treatments. (Their greater sensitivity to toxic effects of 
treatments also resulted in 28 deaths, compared to a loss 
of 8 seedlings in the entire experiment.) On the other 
hand, variations in form and rooting pattern undoubtedly 
contributed to the erratic response of cuttings. 

More male than female strobili were produced, 
differences being especially pronounced among cuttings 
subjected to short (4-wk) treatments, irrespective of the 
time of application. Male reproductive buds of this 
species complete differentiation naturally in the Victoria 
area in late June, compared to mid-July for female buds 
(Owens and Molder, Can. J. Bot. 52:283-294, 1974). The 
earlier differentiation of male strobili almost certainly 
explains their consistently high production following 
treatments commencing in April. 

In conclusion, it would appear that while moderate 
crops of male strobili may be induced on rooted cuttings 
with gibberellin-based treatments as short as 4 wk, 



reliable production of both sexes, in cuttings and 
seedlings, requires 12-wk treatments beginning in April. 
Although not tested, a shorter (8-wk) treatment beginning 
in early May might also be effective. The exact timing 
would depend in part on previous and prevailing 
temperatures because the greenhouse environment for 
this experiment undoubtedly hastened as well as heightened 
the receptivity of plants to treatments. Finally, there is 
some indication that timing of treatment can be used to 
manipulate the sex ratio of strobili induced by gibberellin 
because applications beginning in April invariably 
favored appearance of male strobili - D.F.W. Pollard, 
Canadian Forestry Service, Ottawa, Ont., and F.T. 
Portlock, Pacific Forest Research Centre, Victoria, B.c. 
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