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ABSTRACT

Grey mould of container-grown conifer seedlings in British Columbia

forest nurseries is caused by Botrytis cinerea Pers. and affects foliage of

seedlings during the growing season and in subsequent cold storage. Control
of disease due to this fungus is becoming increasingly important as accelera-
ting needs for reforestation cause a shift in nursery production methods from
bareroot to container culture.

The objectives of this paper are to describe the circumstances leading
to the B. cinerea moulding problem in B.C. via:

1. a review of seedling production techniques

2. an examination of host-pathogen interactions

3. a review of current control methods.
Based on findings in B.C. and elsewhere, recommendations are made for areas
of investigation into control of this disease.

Prevention of disease requires an integrated approach with major
emphasis on cultural methods to render the environment unsuitable for the
pathogen. While timely applications of fungicides are likely beneficial, the
potential for rapid build-up of resistant populations necessitates close
monitoring of treatment efficacy.

Economic losses from disease in the nursery and following planting, due
to effects on growth and yield and direct mortality, have not been investi-
gated in B.C. Quantitative assessment of the problem is necessary before a

mandate to reduce B. cinerea losses to a minimum can be received.
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I. INTRODUCTION

Operational reforestation began in British Columbia (B.C.) in 1939, with
approximately 4000 ha per year being planted between 1941 and 1965 (Johnson
1981). A paper presented at a 1974 symposium on seedling production reported
that in Canada and the United States 50.6 million ha of productive forest
land were in need of artificial regeneration and that current levels of re-
forestation were reducing the backlog by less than 2% annually (Bingham
1974). 1In B.C., with a 47.4 million ha public forest base (Anon. 1984a),
annual reports of the B.C. Ministry of Forests indicate that on Crown Land in
1981 and 1982, 397 (Anon. 1983a) and 457 (Anon. 1984a) of the approximately
200,000 ha surveyed annually were classified as not satisfactorily restocked
(NSR). To meet the reforestation needs under rapidly expanding harvesting
rates in B.C. (Kinghorn 1970), container seedling culture was investigated as
a method to supplement existing bareroot seedling production and make more
effective use of manpower through increased mechanization. Kinghorn (1970)
stated that rising labour costs and the scarcity of social capital available
to forestry operations accentuated the urgency for developing planting met-
hods with the capacity for huge gains in productivity.

Following several years of cultural experimentation (Matthews 1971) and
planting trials (Vyse et al. 1971), a large scale container seedling program
was established by the B.C. Ministry of Forests. In 1980, an inventory of
public nurseries showed production of 33 million container seedlings, versus
approximately 137 million bareroot seedlings (Anon. 198la). The 1981-86 B.C.
Ministry of Forests Five-Year Forest and Range Resource Program calls for

production of 150 million plantable seedlings in 1985-86, with one-third of
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these to be produced by private nurseries (Anon. 1981b). Of these seedlings,
50% will be container stock (Johnson 1981). To ensure adequate production of
plantable seedlings in 1985-86, the report stated that a total of 168 million
seedlings should be grown in that year to compensate for unavoidable annual
losses (Anon. 1981b).
Some portion of the annual loss in nurseries is due to pest problems in

the crop. While most pests encountered in container culture have been seen
earlier in bareroot nurseries (Sutherland et al. 1981), some, particularly

grey mould caused by the fungus Botrytis cinerea Pers., have assumed much

greater importance. Peterson (1974) stated that Botrytis had caused more
losses in containerized facilities than any other pathogen, resulting in >20%

mortality of Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco) seedlings in

some greenhouses. Sutherland and Van Eerden (1980) noted that foliar dis-
eases were of much greater importance on container—grown than bareroot stock
and found that the incidence of B. cinerea had increased steadily with in-
creasing container culture and was prevalent in nurseries throughout B.C.
Infection or contamination of container stock by B. cinerea during the grow-
ing season leads to moulding in overwinter storage (Sutherland et al. 1981),
thereby increasing losses to this pathogen.

The objectives of this paper are to describe the circumstances leading
to the B. cinerea moulding problem in B.C. container nurseries, with partic-
ular attention to seedling production techniques and their development, an
examination of Botrytis-conifer interactions and current control methods for
this problem. Based on findings in B.C. and elsewhere, recommendations are

made for investigations on control of this disease.



1I. NURSERY PRACTICES

A. Container Culture

Container culture was initially investigated in B.C. as a method of de-
creasing reforestation costs through increased mechanization of the planting
process (Kinghorn 1970). The first studies of container culture were in
1957, with seedlings grown in milk cartons (Johnson 1981), and by 1961 a
method had been developed for growing and planting seedlings in individual
plastic containers which became known as "Walters' bullets" (Walters 1961).
With the use of a specially-developed planting gun, planting rates of about
2400 seedlings per person-day were achieved with "bullets" versus 400-900
for conventional bareroot stock (Cayford 1972). Although the "bullets" were
structurally weakened and slit to facilitate root egress, field trials begun
in 1967 showed that seedling survival was significantly improved if the
container was removed prior to planting, allowing better root-soil contact
(Van Eerden 1972; Arnott 1975). Frost heaving was also found to be a problem
with seedlings planted in "bullets", whereas it was negligible for plugs,
i.e., seedlings planted with containers removed (Van Eerden 1972).

The "Walters' bullet'" had been designed for ease of planting, rather
than rearing seedlings, and in 1967 a joint Canadian Forestry Service/B.C.
Ministry of Forests project was initiated to develop a container which lent
itself to mechanization of procedures in the nursery and from which seedlings
would be removed at the planting site (Arnott 1973). A moulded styrofoam
block was developed which had round, tapered cavities of approximately twice
the volume of "bullets" (Cayford 1972), allowing firm, unbound root plugs to
form which facilitated dibble planting (Kinghorn 1970). Rather than each
cavity being an individual unit as with "bullets", each "BC/CFS Styroblock 2"

had 192 cavities and could be loaded with growing medium, seeded and covered



with grit mechanically (Arnott 1973). An operational trial in 1970 showed
that planting rates could be as high as 1200-1800 seedlings per person-day
when seedlings were planted directly out of quartered styroblocks (Vyse et
al. 1971), a considerable increase over bareroot planting rates.

The first large-scale container facility was constructed by the B.C.
Ministry of Forests in 1971 at Surrey and had a capacity of about 8 million
seedlings (Arnott 1973). In the same year, a publication was issuéd by the
Canadian Forestry Service, Victoria, entitled "Container Seedling Production:
a provisional manual" which detailed nursery construction and all phases of
container seedling culture (Matthews 1971). Container facilities established
by the B.C. Ministry of Forests over the next decade at new and existing
nurseries numbered 10 by 1980, and produced a total of 31.7 million seedlings
in that year (Anon. 198la). A new Forest Act was proclaimed in 1978 which
allowed production of forest seedlings by non-ministry nurseries (Johnson
1981).

The importance of production of healthy, adequately-sized stock was
illustrated early in outplanting trials, where failures were attributed to
low—quality seedlings. A strong impetus for container seedling production,
especially in eastern Canada, was the potential for producing large numbers
of seedlings in very short periods i.e., 8-12 weeks (Cayford 1972), which
could be sown and outplanted continuously through the growing season (King-
horn 1970). Field tests soon showed, however, that very small seedlings had
poor survival rates. In Quebec in 1966-67 plantings were made of 8-week old

black spruce (Picea mariana [Mill.] BSP) in plastic open-ended "Ontario

tubes" when secondary growth was only 1.5-2.0 cm above the edge of the tubes

(Arnott 1969). After one growing season, 55-60% of the seedlings were clas-



sified as dead/unhealthy (terminal dead or dying), of which 86% at one site
had been killed by frost heaving or waterlogging.
A 1967 field trial compared survival of Douglas-fir and western hemlock

(Tsuga heterophylla [Raf.] Sarg.) plug stock classed as small and regular

(Arnott 1971). Average survival of small stock 3 years after planting was
approximately 507 less than that of regular. Since the small seedlings were
in poor condition at planting due to too much shade and no fertilizer during
the growing season, this test likely reflected the need for healthy, vigour-
ous seedlings at outplanting as much as a need for certain size criteria to
be met (Arnott 1972).

Planting trials of Douglas-fir, lodgepole pine (Pinus contorta Dougl.

ex Loud) and white spruce (Picea glauca [Moench] Voss) produced by various

means showed that both size and age of stock at planting influenced seedling
establishment (Van Eerden 1972). Van Eerden recommended that standards for
size as well as quality be established for container-grown stock. High posi-
tive correlations between seedling height at outplanting and growth increment
and height for several years after planting have been shown for southern
pines (Barnett 1982); height at planting was the characteristic most indica-
tive of subsequent field performance. Stein and Owston (1977) noted that
while required seedling height may be attained 3 months after germination,
additional growing time is required to achieve desired stem diameter, root
mass and dormancy.

Although the use of styroblocks rather contradicted the original intent
of container growth in B.C., i.e. mechanized planting, several advantages
over bareroot seedling production have been realized from it. Nursery lo-
cation is not restricted by physical factors important in bareroot nurseries,

such as soil quality and depth of water table (Hahn 1982; Harris 1982), and



requires only a suitable climate and water supply (Kinghorn 1970).

Relatively small areas are required for production, with plant densities
of approximately 6 million container seedlings/ha, versus 0.4-0.5 million/ha
for bareroot stock (J. Halusiakl, pers. comm.). Thus shelters for seedlings
ranging from simple shadecloth over gravel or cement (Matthews 1971) to more
elaborate fibreglass or glass houses can readily be constructed. These
structures, depending on their complexity, allow the grower to manipulate
light intensity, moisture, relative humidity and temperature (McDonald 1982).
In southwestern B.C., where the growing season is long and the climate mod-
erate, germination of seedlings is frequently carried out under controlled
conditions with germinants later moved to open shadehouses (Matthews 1971).
Supplemental lighting may be supplied to seedlings from‘high altitude or high
latitude seed sources to provide the critical day lengths necessary to inhi-
bit premature cessation of shoot growth and terminal bud formation (Arnott
and Mitchell 1981; Arnott and Macey 1985). 1In areas with cooler climates
supplemental heat, requiring enclosed structures (Stein and Owston 1977), may
be needed at the beginning or end of the growing season.

Close control of cultural conditions can be maintained from sowing
through to extraction (Hahn 1982), removing non-inherent variability within a
crop which could occur in the field with bareroot seedlings. Uniform com-
position and volume of growing medium within a crop of container seedlings
allow development of the "best" cultural conditions (Kinghorn 1970) which, in
theory, should benefit all seedlings equally. These conditions contrast
sharply with bareroot culture, where aspect, slope, soil composition and

1/
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therefore, moisture and nutrition, can vary within a planting, resulting in
a compromise in which only some portion of the crop'is at optimum conditions.
In contrast to bareroot culture, applications of water, nutrients and
pesticides to container seedlings are achieved with a minimum of labour via
overhead irrigation systems, and minimal cost of materials due to the small
areas and soil volumes involved (Matthews 1971). Since container seedlings
are usually an annual crop, there is seldom any carryover of pest 6r nutri-
tional problems (Matthews 1971). In addition, container culture, with its
well-controlled germination and growth, is felt to make the most effective

use of seed, especially if in limited quantity or genetically improved (Hahn

1982; Armson 1981).

B. Cold Storage

Storage practices for container stock are based on research with bare-
root hardwood and conifer trees which has been conducted since the 1930's in
the United States (Ruth 1953; Hopkins 1958). Extensive storage studies were
begun in the 1950's in Europe (Sandvik 1959), England (Aldhous 1964), the US
(Deffenbacher and Wright 1954; Simon 1961) and Canada (Jorgensen and Stanek
1962; Wilner and Vaartaja 1958). The objectives of storage have been many
although the most'important, from biological and operational points of view,
was to provide stock for planting at sites climatically separated from the
nursery by latitude or elevation, or both. Stored stock could be maintained
in a dormant condition for late planting at high elevation long after the
nursery climate had warmed (Simon 1961), and, conversely, trees could be
removed from storage and planted before the climate in the nursery warmed
sufficiently to allow lifting (Wilner and Vaartaja 1958; Eliason 1962).

Deffenbacher and Wright (1954) pointed out that storage allows quantity



production in lifting and packing, thereby maximizing use of manpower, and
that planting contractors could order trees in small quantities, eliminating
the need for heeling-in stock at planting sites until it could be used. Cold
storage was investigated as a means to allow surplus seedlings from one year
to be saved and used the next (Aldhous 1964). Mullin and Bunting (1972)
stated that extension of the regular spring planting season was one of the
chief advantages being sought in overwinter storage. More recentl&, Hinesley

(1982) found that late fall 1ifting and storage of Fraser fir (Abies fraseri

[Pursh.] Poir.) eliminated the problem of severe terminal bud abortion that
accompanied spring lifting. Frost heaving is a serious problem with bareroot
seedlings overwintered in the ground at the nursery; Johnson (1981) reported
that in the period from 1975-1976 the B.C. Ministry of Forests lost 22 mil-
lion 140 Interior spruce through frost heaving. Lifting and storage of seed-
lings in the fall avoids this problem. Cold overwinter storage also avoids
the damage which can occur on overwintered container seedlings in cool green-
houses or shadehouses due to sudden freezes, desiccating winds and stimula-—
tion of foliar activity on sunny days (Stein and Owston 1977).

Packing methods in storage have included burying entire bundles of 50 or
100 seedlings in moist sand (Eliason 1962), layering seedlings on open trays
with moist packing materials or upright in open crates with the roots in
moist sphagnum moss or washed shingle tow (Deffenbacher and Wright 1954), and
bundling seedliings tightly in bales of 750 with burlap or waterproof packing
materials leaving bottom and top ends open (Mullin and Bunting 1972). The
above methods, and especially the first, required large storage areas and it
was found that open-stored seedlings were subject to desiccation (Deffenbac-

her and Wright 1954). Storage trials of seedlings in bundles or loose in



open or closed polyethylene or polyethylene-lined paper bags have shown
varying degrees of success (Mullin and Bunting 1972; Bunting 1974), however,
it appears that closed, poly-lined paper bags provide the best conditions for
the seedlings in storage. In B.C., seedlings are stored in bundles in

closed, poly-lined kraft paper bags inside waxed cardboard cartons at about

0°C (Hopkins 1975).

ITI. MOULDING BY BOTRYTIS CINEREA

A. The Fungus
i. Taxonomy

The genus Botrytis was erected by Micheli in 1729, making it one of the
first genera of fungi described, and in 1801 Persoon designated five species
including B. cinerea, which had been named by von Haller in 1771 (Jarvis
1977). Lack of a correct type species and perhaps misidentification of many
fungi over the years resulted in 380 species being assigned to the genus by
1960 when Hennebert, in a doctoral thesis, re-evaluated the genus and reduced
the number of species to 22 (Hennebert 1973).

The relationship of the imperfect (conidial) B. cinerea to a perfect
(apothecial) stage has been the subject of numerous studies. The perfect

stage of the fungus was thought to be Peziza fuckeliana by de Bary in 1864,

although Fuckel transferred it to Sclerotinia in 1869 and Whetzel placed it
in the genus Botryotinia in 1945 (Jarvis 1977). It was not until 1953 that a

positive genetic connection was established between Botryotinia fuckeliana

(de Bary) Whetz. and Botrytis cinerea Pers. ex Pers. (Groves and Loveland

1953). A 1974 Commonwealth Mycological Institute description lists B. cin-

erea as the conidial state of Sclerotinia fuckeliana (de Bary) Fuckel (Ellis

and Waller 1974); later works place it in Botryotinia (Jarvis 1977, 1980a).



ii. Distribution and Host Range

B. cinerea occurs throughout the world and is most common in humid tem-
perate or subtropical areas (Ellis and Waller 1974). A survey of the Review
of Applied Mycology showed 235 host records for this fungus (MacFarlane 1968)
and an annotated index of plant diseases and fungi lists 163 hosts in Canada,
Alaska and Greenland (Conners 1967). Although primarily a pathogen of angio-
sperms (Jarvis 1977), B. cinerea has been recorded on non—vascular.plants
such as bryophytes (Anderson 1924), lower vascular plants including three

genera of ferns (Anderson 1924) and gymnosperms (Peace 1962).

iii. Infection of Host

Infection by conidia is initiated through direct penetration of intact
host cuticle with an infection peg from a germ tube or appressorium (McKeen
1974). Free water, present as a film or drop over the conidium, is necessary
for germination to occur (Jarvis 1977). The length of time over which wet-
ness is required to ensure infection varies with temperature. Nelson (1951),
studying B. cinerea of table grapes, found that a wet period of 72-84 hours
at 3°C was necessary for infection while a 12-24 hour period was sufficient
at 16°C. Subsequent germ tube growth, appressorium formation and penetration
may require only high relative humidity (Shoemaker and Lorbeer 1977; Jarvis
1980b). Whether penetration is via mechanical or enzymatic means, or a com-
bination of both, has not been established (McKeen 19743 Jarvis 1977).

Once penetration is achieved, B. cinerea lives saprophytically, pri-
marily in the host parenchyma, with hyphae advancing through tissue killed
or dying from excreted fungal enzymes (Jarvis 1977). Conidia are borne in
clusters on branched conidiophores which emerge from the infected tissue

(Hennebert 1973).
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Growth of B. cinerea mycelia occurs at temperatures as low as -2 to -3°C
(Sommer et al. 1985) and as high as 35°C (van den Berg and Lentz 1968) with
an optimum at 20-30°C, depending on the source consulted (Jarvis 1977). Van
den Berg and Lentz (1968) found that growth was very slow at 0°C, with the
rate increasing to a maximum at 25°C and dropping off rapidly at higher
temperatures. Jarvis (1977) stated that the optimum temperature for growth
was 22°C and that sporulation was‘greatest at 15°C. Germination of conidia
has been recorded at temperatures from 0°C (Brooks and Cooley 1917) to 26°C
(Jarvis 1977).

A study of the interaction of temperature and relative humidity (RH) on
B. cinerea showed that mycelia survived, in the absence of nutrients, 2-12
months at 0°C and 85% RH and that survival was >12 months if the RH was
raised to 95-100Z (van den Berg and Lentz 1968). Conidia survived 2-6 months
at 0°C and 85-997 RH, although an increase in temperature to 20°C with 85-90%

RH reduced survival time to <1 month.

B. Epidemiology
i, Moulding During the Growing Season

Although grey mould of conifers is generally considered to be a nursery
disease affecting‘bareroot (Halber 1963; Bloomberg 1966; James 1980) and
container-grown seedlings (Sutherland et al. 1981; James et al. 1982), it has
occasionally been found on older trees. Botrytis infection of young twigs of
Norway spruce (Picea abies [L.] Karsten), Douglas-fir and European larch

(Larix decidua Mill.) on forest trees of all ages was recorded in Germany

following a spring of exceptional humidity (Zycha 1962). Peace (1962) noted
that although Botrytis was uncommon on plantation conifers, appreciable

damage had been found on succulent shoots of 2-3 m high Japanese larch (larix

11



kaempferi [Lamb.] Carr.).

In the nursery, container—grown seedlings are much more likely than
bareroot seedlings to show B. cinerea infection during the growing season
(Sutherland et al. 1981) due to high crop density (Sutherland and Van Eerden
1980) and favourable conditions of moisture and humidity found in green-
house/shelterhouse facilities (James and Woo 1984; Thies et al. 1980).

In contrast to perennial crops, such as strawberries, which cérry inoc-
ula of sclerotia and mycelia over the winter (Jarvis 1962), annual infections
in container-grown seedlings are due to airborne conidia (Sutherland et al.
1981) and possibly from contaminated irrigation water or seed (Sutherland and
Van Eerden 1980). These early infections become established in senescent and
damaged tissues (Jarvis 1977; Sutherland et al. 1981), since B. cinerea is
basically a saprophyte (Jarvis 1977), and occasionally in young succulent
growth (Jarvis 1980b; Cheung 1975). Mycelia are likely responsible for the
plant to plant transmission of disease which leads to expanding infection
centres within a crop. The saprophytic food base from which mycelia advance,
plus the dependence of conidia on a film of free water for germination, give
mycelia a much greater inoculum potential than that of germ tubes emerging
from conidia (Jarvis 1977). Jarvis (1962) found in a field test that only
1.4% of infections of intact, ripe strawberry fruit could be attributed to
conidia and that all others originated from mycelia in various saprophytic
food bases. Following initial infection in a conifer seedling crop, the
likelihood of disease establishment elsewhere within the crop is probably
greatly increased by the large numbers of airborne conidia released from
infection centres (Jarvis 1980b).

Botrytis epidemics are favoured by the cool, wet weather typical in B.C.

12



during the autumn and winter (Sutherland and Van Eerden 1980; Jarvis 1980b).

Fertilizers, especially nitrogen, can predispose seedlings to infection
through stimulation of susceptible succulent growth (Jarvis 1980b) and from
foliar burn due to application via overhead watering systems (Sutherland et
al, 1981).

Many pesticides, including fungicides with in vitro activity against B.
cinerea, have been reported to enhance epidemics of disease due to. this fun-
gus (Jarvis 1980b). This effect is likely due to phytotoxicity, either di-
rectly via injured tissue, or indirectly by causing a physiological change in
the host. A release of nutrients to conidia from plants sprayed with ethy-
lene-bis-dithiocarbamate fungicides was believed to enhance B. cinerea epi-
demics in tomatoes (Lockhart and Forsyth 1964). Douglas-fir seedlings treat-
ed with Bordeaux mixture showed 100% infection by B. cinerea while water
treated control seedlings were disease-free (Bloomberg 1966). Bloomberg
noted that the disease was stimulated by Bordeaux mixture and it seems likely
that this occurred through predisposition of the host, possibly through the
mechanism described by Lockhart and Forsyth (1964), rather than direct en-
hancement of the fungus.

Predisposition of the host due to frost damage has frequeﬁtly been im-
plicated in B. cinerea infections, especially on field-grown seedlings.
Halber (1963) reported that B. cinerea had caused occasional, spotty infec-
tions of Douglas-fir seedlings in the nursery and felt that susceptibility of
this species was governed by very specific factors, particularly unseasonable
freezing weather. Peace (1962) reported that in some cases of B. cinerea
infection on conifers, initial attack was on frosted tips of the seedlings.

In B.C. and the northwestern U.S., container-grown Douglas-fir and

western hemlock are the species most frequently attacked by B. cinerea (Suth-

13



erland et al. 1981), but serious losses have occurred in lodgepole pine,

ponderosa pine (Pinus ponderosa Laws.), Engelmann spruce (Picea engelmannii

Parry) and western larch (Larix occidentalis Nutt.) in Montana and Idaho

(James et al. 1982; James and Woo 1984). Grey mould is a common, serious

disease on container-grown coast redwood (Sequoia sempervirens [D.Don. ]

Endl.) in northern California (McCain and Smith 1978).

Although susceptibility to infection varies among species of éonifers,
Peace (1962) stated that most species can likely become infected with B.
cinerea under optimum conditions for fungal growth. He cited infections on

Norway spruce, Scots pine (Pinus sylvestris L.) and European larch, all well-

known for their resistance to this fungus. Differences in susceptibility
between species have been attributed to many causes, both chemical and phys-
ical in nature.

A study of leaf waxes of Douglas-fir, Norway spruce and three species of
pines showed that low concentrations of various cuticular wax fractions in-
fluenced germination and subsequent germ tube development of B. cinerea
conidia in vitro (Schutt 1971). It was found that the stimulating effects of
waxes from different species increased with the observed decreasing resist-
ance of the species to infection; i.e. pine wax inhibited growth, spruce wax
enhanced or did not affect growth and Douglas-fir wax always enhanced growth.

The small conidia of B. cinerea contain few reserves to ensure infect-
ivity and exogenous nutrients stimulate germination, subsequent superficial
mycelial growth and direct penetration or formation of appressoria (Jarvis
1980b). These nutrients occur in persistent moisture on leaf surfaces due to
exosmosis of various sugars and acids by the host. Known to vary with host

species (Kovacs and Szeoke 1956), the effects of these nutrients have not
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been investigated for Botrytis-conifer interactions.

Growth habits of susceptible species such as Douglas-fir and western
hemlock in containers lead to canopy closure by mid-summer and likely con-
tribute directly to their high incidence of infection through reduced air
flow and retention of moisture on the foliage (James and Gilligan 1983).
Sutherland et al. (1981) stated that pine and spruce may be less affected by
Botrytis due to their upright growth habits. Canopy closure not only creates
a favourable microclimate for the fungus, but leads to senescence and abscis-
sion of lower non-photosynthesizing leaves (Sutherland et al. 1981), increa-

sing the saprophytic food base.

ii. Moulding During Storage

Moulding of stock has been a common occurrence throughout the history of
cold storage of conifers. Eliason (1962) stated that this was the only ser-
ious problem encountered in New York in numerous trials in several facilities
and a review of trials in England showed that mortality of 10-40% of the
seedlings in some tests was due to moulding (Aldhous 1964). This problem is
considered to be of major significance in B.C. (Sutherland and Van Eerden
1980) where seedlings are routinely stored for periods up to 4.5 months
(Hopkins 1975). Although disease occurrence varies from year to year, it can
be common and severe in local nurseries. Extensive moulding was found on 6.5
million white spruce, western hemlock and Douglas-fir seedlings in B.C. in
1973-74 (Hopkins 1975). Bamford (1974) stated that the considerable trouble
which was experienced in cold storage in 1973 was due to an outbreak of Bo-
trytis which was aggravated by temperatures that reached 4.5°C in improperly
designed facilities.

In contrast to the susceptibility differences seen during the growing
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season, all species of container and bareroot seedlings grown in B.C. have
shown some degree of moulding in storage (Sutherland and Van Eerden 1980).
The first signs of disease are fluffy, grey mycelia on the lower foliage.
This progresses upwards on the shoots and infected foliage becomes water-
soaked in appearance, yellows and frequently abscisses (Sutherland and Van
Eerden 1980). In severe cases, stem lesions and cambial death occur (Suther-
land and Van Eerden 1980). Spread to adjacent seedlings in a bundle or to
adjacent bundles is likely due primarily to mycelial growth in the same
manner as during the growing season.

While storage moulding of container stock, with its soil-free growing
medium, is due almost exclusively to B. cinerea (Sutherland and Van Eerden
1980), the growing environment of bareroot seedlings provides exposure to
numerous soil-borne fungi which have been implicated as causal agents of
storage moulding (Hopkins 1975). In local nurseries, isolations from moulded
tissue have yielded Fusarium spp., Rhizopus spp., Penicillium spp. and many
others (Sutherland and Van Eerden 1980). Fusarium spp., Trichoderma spp. and
Penicillium spp. were identified as the fungi responsible for moulding in an
early storage test of hardwoods (Wilner and Vaartaja 1958), while Hocking
(1971) reported 37 species of fungi from moulded, cold-stored white spruce
and lodgepole pine. Eliason (1962) stated that pathologists had identified
the disease organisms only as fungi which grew well at near-freezing tempera-
tures. Most storage trial literature reviewed for this paper referred to
fungal infection or moulding without identifying the causal agents.

In B.C., moulding of stored container stock, especially of Douglas-fir
and western hemlock, is felt to be a carryover from detectable B. cinerea
infections established during the growing season (Sutherland et al. 1981).

Storage moulding of the less susceptible container species and of bareroot
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stock may be due to latent infections from the growing season (Sutherland et
al. 1981) or to infections initiated in storage. Jarvis (1977) stated that
most crops enter storage with incipient or latent infections of Botrytis
incurred in the field, or are contaminated with conidia or saprophytic
mycelia.

Predisposition of host tissues to infection in storage through decreased
resistance potential at low temperatures has been found in various.fruits,
vegetables and woody materials (Jarvis 1977). Predisposition may be due to
depletion of food reserves (Ritchie 1982), a factor implicated in the sudden

onset of moulding in stored Sitka spruce (Picea sitchensis [Bong.] Carriere)

(Buckley and Lovell 1974). Such predisposition may be important in both the
transition from latent to active infections in stored seedlings and the

establishment of new infections from conidia and mycelia.

IV. DISEASE CONTROL

A. Control During the Growing Season
i, Current Recommendations

Current recommendations for control of B. cinerea in container nurseries
in the Pacific Northwest include cultural and chemical methods. Cooley
(1981) stated that satisfactory control of Botrytis on conifer seedlings
would never be achieved with fungicides alone, and that they must be used
together with cultural controls., Lowering the relative humidity is recom-
mended to make the environment less favourable for the fungus (Sutherland et
al. 1981; Cooley 1981). This can be accomplished during the period of heavi-
est disease pressure, late summer onward, through spacing of containers,

increasing air circulation and reducing irrigation, plus good sanitation
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practices. Major control efforts, however, appear to rely on fungicides,
with applications being made routinely via overhead boom or pressurized
sprayers following canopy closure (Anon. 1984b; James and Gilligan 1983).
Sutherland et al. (1981) suggested one or more applications of a systemic or
protectant fungicide prior to canopy closure and alternating chemicals with
different modes of action in subsequent sprays to avoid a build-up of resis-
tant fungal populations. At present in B.C., and for the past several years,
chlorothalonil, benomyl and captan are used for control of B. cinerea on
seedlings in forest nurseries (Anon. 1981d; 1983b). Of these, only benomyl
is registered for this use pattern, although chlorothalonil is registered for
other diseases on nursery conifers and captan and captan/benomyl combinations
are registered for control of Botrytis on other crops (Anon. 198lc; G.
Shrimptqnz, pers. comm.).

Spray records from a large Vancouver Island nursery show eight applica-
tions of chlorothalonil from May 29 to December 21, 1984 with combination
treatments of benomyl plus captan applied twice in November and once prior to
extraction in January 1985 (Anon. 1984b). In the same nursery, nine applica-
tions of chlorothalonil were made between July 5 and November 10, 1983, with
benomyl plus captan sprays in October 1983 and January 1984 (Anon. 1983b).
Heavy reliance isAbeing placed on a single chemical, chlorothalonil, for
disease control throughout the growing season. As suggested by Sutherland et
al. (1981), this repeated use can lead to rapid development of resistant

fungus populations.

2/

Surrey Nursery, B.C. Ministry of Forests, Surrey, B.C.
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ii. Fungicide Resistance

Resistance or tolerance of B. cinerea to fungicides has been reported in
the literature for decades. The ability of the fungus to develop resistance
in culture in the presence of chlorinated nitrobenzenes, such as PCNB and
TCNB, was observed as early as 1947 (Jarvis 1977). Subsequent workers have
found resistance to most fungicides in vitro, including copper and mercury
salts (Parry and Wood 1958) and have demonstrated, through repeated subcul-
turing, the ability of the fungus to grow at extremely high levels of these
materials (Parry and Wood 1959). While these studies indicate what might
occur during field use, close monitoring of development of resistance in the
field likely provides a better measure of the efficaceous lifespan and hence,
suitability for continued use, of a chemical. The case history of benomyl is
particularly relevant to disease control efforts in B.C. container nurseries.

The benzimidazoles were introduced in the 1960's as the first fungicides
showing "'systemic'" activity (Martin 1971) and benomyl, released by DuPont as

®

Benlate~in 1968, was widely adopted for use in the control of diseases
caused by B. cinerea and numerous other fungi (Thomson 1982). Investigations
into the mechanisms of resistance in B. cinerea were stimulated following a
report of acquired resistance to benomyl on cyclamen in a nursery in the
Netherlands in 1971 (Bollen and Scholten 1971). Benomyl had been used only
three times in this nursery, once in the previous year and twice on the
current crop, when two sprays at 1.5-2.0 times the label rate not only failed
to control the disease but led to unprecedented losses to Botrytis. The
authors postulated that the chemical acted as a mutagenic agent on the fungus

in the field. Polach and Molin (1975) later showed that resistant isolates

7 . L
of B. cinerea occurred at a frequency of 1 in 5x10 conidia in a sensitive
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isolate derived from a single field-collected ascospore of Botryotinia
fuckeliana. They suggested that, since this ascospore isolate had not been
treated with mutagenic agents in the field, benomyl resistant mutants could
arise spontaneously under field conditions. Polach and Molin, however, were
unable to find such mutants in the field.

The first evidence of naturally occurring B. cinerea resistance to
benomyl in the field was found in strains of the fungus on snapdragon plants
which had never been exposed to fungicides (Bolton 1976). Conidia of a
single isolate from these plants germinated and produced sporulating colonies
on first exposure to 300 ppm of benomyl in an agar medium. While earlier
workers had found cross-resistance to other benzimidazole fungicides inclu-
ding thiophanate-methyl, fuberidazole and thiabendazole (Bollen and Scholten
1971; Polach and Molin 1975), Bolton also found resistance in this isolate to
two unrelated fungicides, triadimefon at 60 ppm and dicloran at 700 ppm. He
postulated that "nuclei resistant to several fungicides may be present
already in the cells of the fungus in nature and that combinations of resis-
tant and susceptible nuclei exist in the spores, which, under selective
pressure from these fungicides, reproduce rapidly."

The pathogenicity of fungicide resistant versus sensitive, wild-type
strains of B. cinerea has been studied extensively. Bollen and Scholten
(1971) reported that their benomyl-resistant isolates were less pathogenic
and likely less competitive than sensitive isolates. Polach and Molin (1975)
found that while a resistant isolate was somewhat less aggressive when inocu-
lated onto bean leaves and pods, it sporulated more profusely than the sensi-
tive isolate in the presence or absence of benomyl and showed comparable
linear mycelial growth. High levels of benzimidazole-resistant strains of B.

cinerea were isolated from vineyards where these compounds had not been
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applied for the preceeding 4 years (Schuepp and Kung 1981), indicating that
resistance did not confer a competitive disadvantage to these strains of the
fungus.

Isolates of B. cinerea, from apple and strawberry fruits, showing stable
resistance to captan were as pathogenic as non-resistant wild-types (Barak
and Edgington 1984). Captan enhanced sporulation in 9 of 10 isolates of B.

cinerea in vitro (James and Gilligan 1983) and low concentrations of both

captan and thiram can stimulate germination of B. cinerea conidia on agar
(Jarvis 1977). Some strains of B. cinerea tolerant to dicarboximide

fungicides are less competitive than sensitive strains in vitro and in vivo

.(Gullino and Garibaldi 1981). It is evident that pathogenicity and competi-
tive ability of fungicide resistant strains of B. cinerea vary with both the

strain of the fungus and the chemical being tested.

iii. Fungicide Studies

The potential of various fungicides to control B. cinerea on container-
grown seedlings has been studied extensively in vitro and in vivo. Much of
the work has been done by the Forest Service in the western U.S.
a. Studies in vitro

Gillman and James (1978, 1980) collected isolates of B. cinerea from
necrotic tissues of lodgepole and Scots pine and Engelmann and blue spruce

(Picea pungens Engelm.) at three Colorado nurseries. Widespread mortality of

lodgepole pine had occurred at one nursery despite fortnightly applications
of benomyl, which had not been previously used at that facility. At a second
nursery, where benomyl had been used for several years, mortality due to B.
cinerea had occurred annually. Losses due to this fungus were found during

the first year in a new greenhouse at a third nursery, again in spite of
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routine benomyl applications. Radial mycelial growth of the fungus on potato
dextrose agar amended with fungicides was used to evaluate tolerance of B.
cinerea to the chemicals. Significant radial growth was observed in some or
all of seven isolates tested on medium amended with 50 ppm of chlorothalonil,
benomyl, captan, mancozeb or zineb, although the maximum growth on captan
amended medium was only 167 of that observed on control medium. Tolerance of
individual isolates to more than one fungicide was found. Dicloraﬁ was the
only material tested for which no tolerance was observed in any of the seven
isolates of the fungus, although other workers (Webster et al. 1970; Cooley
1981) have found tolerance to this chemical.

Ten isolates of Botrytis were collected from infected lodgepole pine at
a Montana nusery where control failure with benomyl and chlorothalonil had
occurred (James and Gilligan 1983). Growth of all isolates occurred on
medium amended with 50 ppm benomyl or chlorothalonil. Nine of the 10 iso-
lates grew on medium containing 50 ppm captan and significant growth was
recorded for two isolates on 50 ppm vinclozolin. None of the isolates grew
on plates containing 50 ppm iprodione or dicloran.
b. Studies in vivo

Early testing of the fungicide thiram (Volger 1959) indicated that it
could be detected in conifer seedlings grown from seed which had been soaked
in this chemical. Liquid extracts of these seedlings, with seedcoats removed,
inhibited mycelia of B. cinerea on agar medium. This work stimulated studies
in Oregon to assess the efficacy of thiram when applied to seedlings as a
protectant against Botrytis (Halber 1963). Halber was successful in achieving
infection of Douglas-fir seedlings only after subjecting them to temperatures

of -5°C for 3-7 hours. He applied thiram as a slurry to these seedlings and
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inoculated them with a suspension of B. cinerea conidia. The criterion for
judging infection was apparently seedling death. While more seedlings died in
treatments which were inoculated with the fungus than those which were not,
neither this, nor a subsequent field trial performed on Douglas-fir seedlings
which had been subjected to a sudden early frost, proved the actiQity of
thiram against B. cinerea.

In the first apparent record of B. cinerea on conifer seedlings in a
B.C. nursery, Bloomberg (1966) treated Douglas-fir seedlings with ferbam,
thiram or zineb. Controls, sprayed with water only, and zineb-treated seed-
lings showed 73% and 567 infection by B. cinerea, respectively, while those
treated with ferbam or thiram were disease-free. In additional testing he
found that captan did not give complete protection from Botrytis.

McCain and Smith (1978) compared six fungicides for control of Botrytis
on container seedlings of coast redwood. Fungicides were applied nine times
at l4-day intervals throughout the growing season. Seedlings were inoculated
by spraying with a suspension of Botrytis conidia between the first and
second treatments. Disease was evaluated by counting lesions on the main stem
12 weeks after the first chemical treatment and 4 weeks following the final
application. Dicloran and chlorothalonil provided excellent disease control
at the first evalﬁation, with lesions on only 0.5% and 3.7Z of seedlings,
respectively. Lesions were observed on 27.5-38.57 of seedlings treated with
mancozeb, captan, tri-basic copper and thiram and on 45.07 of the water-
treated control seedlings. Four weeks following the last treatment, only 3.47
of the dicloran-treated seedlings showed lesions, significantly better than
chlorothalonil at 51.0% and all other treatments at 82.5%7-91.0%.

Six fungicides were evaluated as protectants against Botrytis on con-

tainer-grown western larch seedlings in Idaho (James et al. 1982). Chemicals
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were applied eight times at l4-day intervals throughout the growing season
and seedlings were inoculated with a conidial suspension of B. cinerea after
the second spray. Treatments were evaluated after the final spray, with
disease being scored as present or absent. More than 50%Z of the seedlings
treated with benomyl showed disease following the final treatment, signifi-
cantly greater than captan at 29%Z. In contrast to the results of McCain and
Smith (1978), dicloran was ineffective, with disease equal to that.found on
benomyl-treated seedlings. Nearly 100%Z of the water-treated control seed-
lings were diseased, while those in treatments of iprodione and two formula-
tions of chlorothalonil showed less than 107 infection. Seedling survival
was found to be directly related to the degree of disease control achieved by
the treatments. Infection levels were too low to determine treatment effects
in a duplicate test performed on bareroot western larch seedlings, despite
two separate inoculations with B. cinerea (James and Woo 1984), and were also
too low in a containerized western larch trial in Idaho (James and Genz
1983).

Thies et al. (1980) studied the effects of benomyl and captan on grey
mould of Douglas-fir‘seedlings. Drenches of chemicals were made at sowing
(pre-germination) or at appearance of true leaves (post-germination) or a
combination of both on a 2-week re-treatment schedule. Seedlings in all
treatments showed some level of disease at the termination of the test,
approximately 6 months after sowing, with no significant differences between
treatments and controls. The level of grey mould was also statistically
equivalent to that found in treatments of ethazol and fenaminosulf, fungi-
cides used as seed treatments or soil drenches for prevention of damping-off

(Thomson 1982).
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The results of these studies emphasize both the degree of resistance to
all chemicals currently used in B.C. nurseries for control of B. cinerea and
the variability between strains of the fungus. They also indicate that if
resistance is present in high levels, even 2-week spray intervals will not
provide adequate disease control.

c. Phytotoxicity

Along with poor efficacy due to fungal resistance and the potential
for enhancing epidemics through predisposition of the host, fungicide treat-
ments have frequently caused phytotoxicity to conifer seedlings. Wall (1974)
cited excessive applications of fungicides as contributing to the death of
more than 1 million conifer seedlings in the Maritime provinces from 1970-
1974, Descriptions of damage range from slight chlorosis on shoot tips
(James et al. 1982) to seedling defoliation and death (James and Genz 1983).

Captan has been known for many years to cause damage to seedlings. An
inhibitory effect was seen on root and shoot growth of 5-6-week old Sitka
spruce, Scots pine and western hemlock seedlings following a single applica-
tion of 0.057 a.i. captan (Denne and Atkinson 1973), a level lower than the
recommended rate for disease control (Anon. 198lc). Concomitant reductions
in leaf size and weight occurred, becoming greater with increased concentra-
tions and treatmehts. James et al. (1982) found significant reductions in
height of container-grown lodgepole pine and western larch following multiple
applications of captan at 2-week intervals using recommended rates.

Benomyl has reduced shoot growth of lodgepole pine (James et al. 1982)
and Douglas-fir (Thies et al. 1980; Sutherland et al. 1977) although Suther-
land et al. noted that, in general, benomyl was not phytotoxic to seedlings
in the greenhouse or the field.

Treatment of container-grown western larch and lodgepole pine with
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recommended rates of two formulations of chlorothalonil, i.e., Daconif:>and
Bravé:? plus dicloran and iprodione significantly decreased seedling height
over controls (James et al. 1982), and Bravé:>caused slight chlorosis of tips
of western larch seedlings. These effects have not been noted in local nur-
sery stock due to use of chlorothalonil.

Container-grown western larch treated with vinclozolin at label rates
turned reddish-purple, defoliated prematurely and cambial tissues became
necrotic, resulting in high mortality (James et al. 1982), while similar
treatments of 2+0 bareroot stock at another nursery caused no damage (James
and Woo 1984). James and Woo felt that this was not an anomaly, but that
young, container-grown seedlings were more sensitive to treatment than older,
field-grown stock. This effect had been previously described by Sutherland et
al. (1977), studying the effects of single applications of various pesticides
on greenhouse-grown (container) and field-grown (bareroot) coastal and in-
terior provenances of Douglas-fir, Sitka and white spruce and lodgepole pine.
They noted that in stock of comparable age, more phytotoxicity was observed
in the greenhouse than in the field and that damage decreased in both as
seedling age increased. Sutherland et al. (1977) pointed out that interac-
tions with other pesticides, unfavourable weather and physiological condition

of the seedlings at spraying may influence pesticide phytotoxicity.

B. Control During Storage

Current recommendations for control of storage moulding in B.C. nurser-
ies emphasize prevention of disease prior to storage via effective disease
control through the growing season and one or more applications of a systemic
fungicide late in the growing season (Sutherland et al. 1981). These authors

also suggest short storage periods, avoidance of foliar moisture when stock
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is placed in storage and storage temperatures as low as stock can withstand.

It was recognized early in conifer storage testing that disease could be
reduced through low foliar moisture and low storage temperatures. Deffen-
bacher and Wright (1954) found that if shoots of trees in adjacent, open-
ended burlap bales touched, or if the moist sphagnum root packing material
touched the foliage, moulding ensued. They recommended keeping as much of
the tree shoots exposed as possible. Although desiccation of stock with this
type of storage was a problem, temperatures of 0.5-1.0°C were low enough to
suppress moulding, yet warm enough to allow maintenance of the 957 RH neces-
sary to prevent excessive moisture loss.

Eliason (1962) felt that the most important way to reduce disease damage
was to put trees into storage "field dry'" and that if additional moisture was
required it should be carefully applied to the roots only, or to the facility
in general, to raise the humidity. This "field dry" recommendation, i.e. not
adding moisture prior to storage, as was the practice, and ensuring that rain
or dew from the field had evaporated, was also stressed by Aldhous (1964) who
attributed moulding in several trials to packing trees when they were wet,
Evidence in B.C. indicates that wetting foliage prior to storage may be
beneficial in preventing moulding (Hopkins 1975; Sutherland and Van Eerden
1980), although current recommendations are to avoid storing wet stock (Suth-
erland et al. 1981).

Recommendations for sub-zero storage temperatures to control moulding
were made as early as 1958, following very low outplanting survival of four
hardwood species due to disease incurred in cold storage (Wilner and Vaartaja
1958). Subsequent work confirmed the efficacy of freezing temperatures for

disease control (Mullin and Bunting 1972, 1979; Nyland 1974; Hinesley 1982;
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Racey et al. 1984). Since the early 1960's there has been a shift from re-
frigerated to frozen overwinter storage, with temperatures of -3 to -5°C
routinely being used in many northern areas, including Ontario (Mullin and
Parker 1976; Wynia 1977), Sweden (Mattsson 1981) and the US Pacific Northwest
(Ritchie 1984).

While trials comparing refrigerated and frozen overwinter storage for
the past 25 years have yielded variable results, numerous tree species sur-
vive frozen storage well and when outplanted, frequently outperform refrig-
erated or fresh-lifted stock. This superior growth and survival has been
attributed to many factors including lack of storage moulding (Hinesley
1982), either through direct suppression of the fungus (Sutherland and Van
Eerden 1980) or through increased retention by the seedlings of stored metab-
olites, especially carbohydrates, for resumption of growth at planting (Mul-
lin and Bunting 1972; Ritchie 1984), and to increased resistance to freezing
weather after planting (Jorgensen and Stanek 1962).

Contradictory reports of seedling survival and vigour following frozen
storage continue to appear in the literature. For instance, Cram and Lind-
quist (1981) found that storage at -5°C for 6.5 months was lethal to Scots
pine, while Mattsson (1981) stated that in Sweden the normal temperature for
an equivalent stofage period is -5°C and that storage up to 9 months at these
temperatures does not affect survival. Racey and Hutchinson (1983) found no
difference in survival and performance between fresh or frozen Scots pine
stock which had been stored 5 months at -3°C. Aldhous (1964) reported that
Douglas-fir tolerated -5°C as well as +2°C for 5-6 months; longer storage at
-5°C led to reduced survival. Ritchie (1984) stated that operational exper-
ience had shown that there was a clear preference for frozen storage of

coastal provenances of Douglas-fir and other species for storage periods in
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excess of two months. In contrast, van den Driessche (1977) found mean
survival rates for coastal and interior provenances of Douglas-fir of 12% and
887, respectively, following 4 months storage at -5°C and did not recommend
frozen storage for this species.

The success of overwinter storage, generally measured as survival and
growth of planted seedlings (Racey et al. 1984), depends heavily on the
physiological condition of the seedlings when lifted. Seedling coﬁdition at
lifting appears to be of even greater importance for frozen than for refrig-
erated stock (Hocking and Nyland 1971). The importance of lifting date was
noted as early as 1958 when it was found that storage survival of Engelmann
spruce and lodgepole pine progressively declined when trees were lifted at
intervals following bud swell in the spring (Simon 1961). Likewise, Aldhous
(1964) related some storage failures to lifting too late and stated that
seedlings must be fully dormant when placed in storage. Lavender and Wareing
(1972) found up to 807 mortality of early fall-lifted Douglas-fir following
4-6 weeks of storage at about 4°C, while seedlings lifted a few months later
suffered no ill effects. Hocking and Nyland (1971), in a review of storage
trials, suggested that stock was not fully dormant when performance of frozen
seedlings was poorer than that of refrigerated stock, a view supported by
Mullin and Parker (1976), who felt that losses during frozen storage may have
been due to improper timing of the fall 1ift for storage.

To maximize storage survival, it has become evident that seedlings must
be both cold-hardy and dormant (Hocking 1972; Tanaka 1974; Tinus 1981), and
therefore in a state of maximum resistance to stress (Zaerr et al. 1981;
Lavender and Stafford 1985) prior to storage and outplanting. While correct

lifting date for bareroot seedlings exposed to natural environmental con-
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ditions generally ensures that these requirements are met, container-grown
seedlings take much longer than bareroot stock to achieve desired levels of
hardiness (Timmis and Tanaka 1976) and artificial methods of increasing cold
hardiness and inducing dormancy have been studied intensively.

These studies have focused on treatments during the latter part of the
growing season and have included: withholding all nutrients (Etter 1972);
withholding nutrients except potassium (Hocking 1972); withholding .nitrogen
and feeding with high levels of potassium and phosphorus (Tanaka 1974); warm,
or cool, short day (8 h) photoperiods (Tanaka 1974; van den Driessche 1969);
and moisture stress ranging from mild to severe (Timmis and Tanaka 1976;
Blake et al. 1979). There do not yet appear to be standardized practices for
dormancy induction in B.C. and current techniques encompass some aspects of
all of the above (J. Halusiak, pers.comm.). Work with various growth retard-
ants and inhibitors in western hemlock seedlings indicated that while four of
five compounds tested caused some degree of phytotoxicity to the seedlings,
these types of materials may have potential for use as dormancy inducers
(Cheung 1975).

Several methods have been investigated for judging readiness of stock
for storage. Bunting (1975) found a strong correlation between large stem
diameter at liftihg and survival at outplanting and recommended close adher-
ence to culling standards based on diameters. He also proposed a Negative
Degree Day system, based on cumulative nighttime air temperatures, whereby
trees would not be lifted for storage until a predetermined threshhold was
reached (Bunting 1975). The following year, the Ontario Ministry of Natural
Resources published "Provisional guidelines for fall lifting for frozen over-
winter storage of nursery stock'. These guidelines were based on a similar

concept, called Degree Hardening Days (Mullin and Parker 1976). Electrical
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conductivity of stem leachates has also been used to measure the cold hardi-
ness of seedlings (van den Driessche 1969).

Studies of frozen overwinter storage of seedlings have not been reported
in B.C. and the technique does not appear to be routinely used for disease
prevention (Sutherland et al. 1981). However, it is evident from the litera-
ture that several tree species grown here can withstand frozen storage, in-
cluding white spruce (Jorgensen and Stanek 1962; Eliason 1962; Bunéing 1970,
1974), Sitka spruce (Aldhous 1964), lodgepole pine (Aldhous 1964) and Doug-
las-fir (Aldhous 1964; Ritchie 1984). 1In addition, several species related
to those grown here, including black spruce (Wynia 1977), European larch,

Japanese larch and tamarack (Larix laricina [Du Roi] C. Koch) (Mullin and

Lucas 1982), Fraser fir (Hinesley 1982) and numerous pines (Racey and Hutch-
inson 1983; Mullin and Parker 1976; Bunting 1975) have performed well in the

field following extended frozen storage.

V. DISCUSSION

Research on grey mould of container-grown seedlings in B.C. has not been
reported in the literature. The economic importance of the problem does not
appear to have been evaluated and actual loss assessments are precluded by
the current cullihg practices at extraction, which do not include a breakdown
of the causes for which a seedling is considered unsuitable for storage or
planting.

Little work has been reported on the effect of moulding on survival and
growth of seedlings after planting. While field performance of lightly in-_
fected Scots pine and blue spruce was found to be unimpaired (Cram and Lind-
quist 1981), a study of moulded lodgepole pine reported decreased performance

in the field (Hocking 1971). Studies of moulded, outplanted trees would
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allow a threshold for a biologically acceptable degree of infection to be
established for each species.

Methods of control of B. cinerea during the growing season must be, as
Sutherland et al. (1981) recommended, a combination of cultural and chemical
techniques. While spacing of containers during the latter part of the
growing season likely reduces disease pressure through lowered humidity
‘around the styroblocks, container facilities I have visited are fiiled to
capacity to maximize production and, especially in greenhouses, there is
little or no room to space the blocks out. Even if blocks are spaced, it
does not alter the fact that within a 160 cavity styroblock seedlings are at
a density of approximately 8 million/ha or 800/m2, versus bareroot seedlings
at about 50/m:2in the field. While some nurseries are starting to use blocks
with only 110 cavities, the cavity size will be 507 larger (J.Halusiak, pers.
comm.), and it seems possible that some or all of the canopy density reduc-
tions which could be realized may be lost for some species due to increased
seedling size. A reduction in cavity number per styroblock, with minimal or
no increase in cavity size might have a significant effect in lowering the
degree of canopy closure and making the environment less favourable for B.
cinerea. Whether this wider spacing would decrease the number of seedlings
produced to a greater extent than the losses due to disease could be investi-
gated, during grading at extraction, in parallel tests of the systems.

While many contraindications for fungicide use on conifer seedlings have
been presented it is unlikely that, even with good cultural practices, their
use can be avoided completely. A rational approach to their use requires
knowing their strengths and weaknesses.

Fungicide treatments should be monitored continuously in container seed-
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ling nurseries for both short-term disease control and in the longer-term for
development of resistance. Development of province-wide protocols for
testing and reporting would provide reliable, standardized information upon
which nursery pest managers could make control decisions and which would
indicate to researchers the areas of study required. Guidelines for chemical
use, particularly in the areas of application frequency and tactical choices
for avoidance of resistance, should be established. Fungicide delivery
systems could be evaluated to determine whether presently used equipment is
the best available; recent studies indicate that fungicide applications via
overhead irrigation systems are much less effective in depositing material on
the foliage than are pressurized sprayers (Smith and McCain 1981).

In spite of good management practices during the growing season, some
moulding will continue to occur during refrigerated overwinter storage. For
most species grown in B.C., frozen storage appears to be the best solution to
this problem, and reports in the literature concur that moulding is complete-
ly prevented at temperatures around -5°C. Perhaps some species grown in B.C.
may not be able to withstand frozen storage and will have to continue to be
stored at 0-1°C. Recent research on B. cinerea moulding of roses in refrig-
erated storage has shown that enhancement of atmospheric carbon dioxide has
helped to reduce disease (Phillips et al. 1985) and may have some application
to conifers in storage. Close adherence to standard refrigerated storage
recommendations of low foliar moisture, good culling procedures of dead or
diseased stock and careful monitoring of storage conditions will help to
lessen the severity of disease in refrigerated storage.

Due to its prevalence and ecology, B. cinerea will continue to cause
disease in container nurseries. It appears that effective practices are

available for maintaining losses to grey mould at acceptable levels.
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