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ABSTRACT

Seventeen seedlots of western larch from the
Idaho Department of Lands (IDL) were assayed
for fungal populations on seed. The most
prominent group of fungi encountered were
Penicillium spp. Potentially pathogenic fungi,
found at low levels, included species of Fusarium,
Phoma, Cladosporium, Botrytis cinerea,
Alternaria alternata, and Trichothecium roseum.
Another seedlot of IDL western larch, designated
1988, was extensively contaminated with
Fusarium spp. (77-90 percent of seed infected).
Treatments with high bleach concentrations did
not reduce Fusarium levels, but did reduce other
fungi, particularly Penicillium spp. Immersion in
microwave-heated water for 80-100 seconds
significantly reduced Fusarium levels and other
fungi. Unfortunately, some bleach and hot water
treatments adversely affected seed germination.
Western larch seedlots extensively contaminated
with Fusarium will perform poorly and may not
be effectively treated to reduce contamination
without causing seed toxicity.

INTRODUCTION

Western larch (Larix occidentalis Nutt.) is an
important component of mixed-conifer forest
stands in the inland Pacific Northwest. The
species is highly prized for its rapid growth
(Schmidt and Shearer 1995), superior wood
quality (Keegan and others 1995), and tolerance to
important root disease-causing organisms that
often plague other conifer species in mixed-
conifer ecosystems (Carlson and others 1995;
Hagle and Shaw 1991). Therefore, demand for
western larch seedlings for reforestation is high.
Bareroot and container-grown larch seedlings are
produced at several nurseries in Idaho and
Montana (Dumroese and Wenny 1995; James and
others 1995).

Unfortunately, one important problem affecting
nursery seedling production is lack of sufficient
high quality seed (James and others 1995).
Abundant western larch seed crops are cyclic
(Schmidt and Shearer 1995); weather-related
cone damage can be extensive (Shearer and
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Theroux 1986). Insects and pathogens may also
limit seed production (James 1988b; Shearer

• 1984). Therefore, when abundant seed crops
occur, extensive collections are usually made,
replenishing seed stocks. In this way, one specific
seedlot may be used in nursery seedling
production for several years.

• The Idaho Department of Lands (IDL) collects
western larch cones as an important initial step in
reforestation of their lands. Cones are sent to
nurseries and/or processing companies for seed
extraction. Seeds are used to produce seedlings

• under contract for sale to the IDL.

In the past, some western larch seedlots were of
very poor quality, resulting in low germination
and production of poor quality seedlings which
were more susceptible to disease (James 1986c,
1988a, 1990). There is a direct correlation
between occurrence and extent of certain
microorganisms on seed and eventual seedling
performance in nurseries (James 1987a, 1987b;
James and others 1995). Although most conifer
seed routinely carries fungi externally, such
organisms may or may not adversely affect seed
quality (Anderson 1986). Certain organisms are
more capable of causing problems with germina-
tion and seedling establishment than others.
Therefore, it is important that seed mycoflora be
identified as well as quantified if effects on seed
quality are to be reliably predicted (Neergaard
1977).

Compared with other conifer species, information
on fungi commonly contaminating western larch
seed is less readily available (Anderson 1986;
James 1986a, 1987b; James and Genz 1982).
Also, little is known about efficacy of standard
seed treatments to reduce fungal contamination
and enhance larch seed performance. Treatments
that work well for other, larger seeded, conifer
species may be inappropriate for larch seed.
Therefore, an evaluation was conducted to
quantify and characterize fungal populations on
selected IDL western larch seedlots. In addition,
efficacy of seed sorting and pre-germination
treatments to reduce fungal contamination was

evaluated on a specific IDL seedlot with relatively
high levels of potentially pathogenic fungi.

MATERIALS AND METHODS

To characterize fungi on a diverse range of
western larch seedlots, 17 IDL seedlots processed
by the USDA Forest Service Nursery in Coeur
d'Alene, Idaho were evaluated for the quantity
and identity of fungi commonly contaminating
seed. Seeds were obtained from bulk storage (pre-
stratification). Two hundred seeds per seedlot
were aseptically placed on an agar medium
selective for Fusarium spp. and closely related
fungi (Komada 1975). Plates were incubated for
7-10 days at about 24°C, under diurnal cycles of
cool, fluorescent light. Selected fungi emerging
from seed were transferred to potato dextrose agar
and carnation leaf agar (Fisher and others 1982) to
aid identification. Morphological characteristics
of sporulation were the major means of identifica-
tion using several taxonomic treatises (Barnett and
Hunter 1972; Domsch and others 1980; Ellis
1971; Nelson and others 1983; Raper and Thom
1949). When possible, fungal isolates were
identified to species. Percent of sampled seed
colonized with specific fungi were calculated for
each seedlot.

IDL seedlot (designated 1988) had a history of
poor performance. This was a large seedlot and
managers were concerned that its continued use
would be necessary because other seedlots were
unavailable. Seeds from this seedlot were initially
sorted using the incubation drying separation
(IDS) procedure (Simak 1984). Seeds were
soaked in distilled water for 24 hours at 22°C.
They were then spread in a 1-seed-deep layer on
moist paper towels, enclosed in plastic bags, and
incubated 3 days at 15°C. After incubation, seeds
were dried 12 hours at 15°C, then poured into a
larger beaker of distilled water. This technique
separates seeds based on their ability to either sink
or float in solution. Theoretically, seeds that sink
contain normal endosperms and are viable,
whereas those that float may not be fully
developed, are empty, or contain decayed
endosperms. Under normal seed processing,
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These fungi grow extremely rapidly on standard
nutrient agar, often overgrowing any other fungi
present. Unless a medium that helps restrict
development of these fungi is used, it is
impossible to ascertain presence of other seed-
colonizing organisms, particularly those that might
be potential plant pathogens. Therefore, the
selective medium formulated by Komada (1975)
was used because it repressed growth of most
mucoraceous fungi while allowing limited growth
of other fungi colonizing seed, particularly those
that may cause damping-off and root disease
(James and others 1991).

Many different fungal taxa were isolated from the
17 IDL larch seedlots. By far, the most prevalent
genus was Penicillium (Table 2). Nine different
Penicillium species were found on seed, the most
common being P. chrysogenum Thom, P. glabrum
(Wehner) Westling, and P. oxalicum Currie and
Thom. Species isolated less frequently included
P. citrinum Thom, P. expansum Thom, P. fuscum
Westling, P. patulum Bain., P. rubrum Stoll. and
P. viridicatum Westling. Several of these species
are common inhabitants of plant seeds in general
(Neergaard 1977) and conifer seed in particular
(Anderson 1986; James and Genz 1982).
Penicillium chrysogenum, P. glabrum and P.
oxalicum are all common contaminants of
ponderosa pine seed (James and Genz 1982).
Effects of these fungi on performance of conifer
seed (germination capacity and seedling
establishment) may be variable (Neergaard 1977;
Urosevic 1961). Penicillium spp. may elicit
limited seed decay and adversely affect germina-
tion under certain conditions (Mason and Van
Arsdel 1978; Schubert 1960; Urosevic 1961).
Penicillium spp. are very common on seedcoats of
conifers (Anderson 1986; James and Genz 1982),
although they are unlikely to be detrimental. On
the other hand, their colonization of seeds may
exclude other fungi that could adversely affect
seed performance (James and Genz 1982).

Fusarium spp. are very important pathogens of
conifer seedlings in nurseries (James and others
1991) and are often carried on and within seeds
(James 1986a; 1987b). However, these fungi
were found at relatively low levels on the IDL
western larch seedlots assayed (Table 3). Only 11
of the sampled seedlots were infected with
Fusarium spp., and these had very low infection.
Four species were isolated: F. acuminatum Ell. &
Ev., F. oxysporum Schlect., F. sambucinum
Fuckel, and F. sporotrichioides Sherb. Most of
these Fusarium spp. were previously isolated from
other western larch seedlots (James 1986b, 1986c,
1987a, 1988a, 1990). Generally, Fusarium
infection of less than 10 percent in a particular
seedlot is considered normal (James 1987b).

Four Phoma spp. were located on seeds (Table 3)
and found at higher levels than Fusarium. They
included P. eupyrena Sacc., P. glomerata (Cda.)
Wollenw. & Hochapf., P. herbarum Westend.,
and P. pomorum Thum. Although these species
have been implicated in seedling diseases (James
1983a, 1983b, 1985; James and Hamm 1985),
their importance as seed pathogens needs further
investigation.

Several other fungi were isolated from the IDL
western larch seedlots (Table 4). Most were
probably saprophytes, although a few may
occasionally be pathogenic either on seed or
young seedlings (Neergaard 1977). The most
probable pathogens included Botrytis cinerea
Pers. ex Fr. (James 1984), Trichothecium roseum
(Pers.) Link ex S. F. Gray (Neergaard 1977;
Urosevic 1961), Alternaria alternata (Fr.) Keissler
(James and Woo 1987; Neergaard 1977; Urosevic
1961), and Cladosporium sp. (Neergaard 1977).
Occurrence of B. cinerea is especially noteworthy
since this fungus is an important pathogen of
container-grown western larch (James 1984;
James and Genz 1983; James and others, 1982) .
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Because of extensive Fusarium levels on the 1988
larch seedlot, bleach treatment concentrations
exceeded those normally recommended for conifer
seed (Wenny and Dumroese 1987). Bleach
treatments were generally ineffective in reducing
seedborne Fusarium levels Table 5). In some
cases, bleach treatment resulted in assaying higher
levels of Fusarium than on untreated seeds.
Fusarium spp. are apparently less susceptible to
bleach treatment than several other seed-
colonizing fungi. Therefore, more Fusarium
might be assayed because of reduced buffering
capacity by other competing fungi. The most
effective treatments to reduce Fusarium spp. were
immersion in microwave-heated water for 80-100
seconds; immersion for only 60 seconds was not
effective. However, even treatment in hot water
for 100 seconds failed to reduce seed infection to
desirable levels, i.e., below 10 percent, even
though it reduced seed germination (Table 5).
Microwave hot water treatment was highly
effective in reducing Fusarium levels on Douglas-
fir seed without reducing germination (Dumroese
and others 1988; James and others 1988).

Germination capacity of this seedlot was quite
low; those seeds which sank in solution during
sorting had higher germination than those which
floated, indicating that denser seeds were more
viable. All bleach and hot water treatments
reduced seed germination somewhat, but
extensive reduction only occurred when seeds
were exposed to hot water for 100 seconds.
Exposure of Douglas-fir seed to hot water
(66.5°C) for 120 seconds reduced germination to
zero (Dumroese and others 1988).

Treatment with sodium metabisulfite (treatment
22 - Table 5) failed to significantly reduce levels
of Fusarium spp. or other fungi on western larch
seeds. Although this chemical is effective in
reducing fungal inoculum on styrofoam and
plastic containers used to grow seedlings
(Dumroese and others 1993), it was not effective
in reducing fungi on western larch seed, at least at
the concentration tested.

Seed debris (wings, cone scales, resin aggrega-
tions) from the 1988 seedlot were also extensively
colonized with Fusarium spp. and other fungi
(Table 6).

Treatments with bleach and microwave-heated
water resulted in similar responses by fungi on
debris as on seed (compare Tables 5 and 6).
Debris carried within seedlots may be a significant
source of contamination with potentially
pathogenic fungi.

•

Other fungi responded to seed treatment
differently. Penicillium spp. were very
susceptible to bleach treatment, but less affected
by hot water treatment (Table 5). However, hot

• water treatment, especially for 100 seconds, was
effective in removing most fungi from contami-
nated seed (see "No fungi" column in Table 5).
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Because of variable levels of potentially
pathogenic fungi found on different seedlots, it
may be necessary to establish procedures for
periodically assaying specific lots for pathogens.
In particular, those lots with germination problems
probably should be analyzed for pathogenic fungi.
If specific western larch seedlots are used to
produce numerous seedling crops in nurseries,
they should be assayed for pathogen levels. If
abundant pathogen populations are encountered,
affected seedlots must be treated to reduce
pathogens or discarded if treatment is not likely to
be effective or practical.
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1993. Sodium metabisulfite reduces fungal
inoculum in containers used for nursery crops.
Tree Planters' Notes 44(4):161-165

Dumroese, R. K., R. L. James, D. L. Wenny and
C. J. Gilligan. 1988. Douglas-fir seed
treatments: effects on seed germination and
seedborne organisms. In: Landis, T. D. (tech.
coord.). Proceedings: Combined Meeting of the
Western Forest Nursery Association. USDA
Forest Service, Rocky Mountain Res. Sta.,
General Technical Report RM-167. pp.
155-160.

•

•

•

LITERATURE CITED

Anderson, R. L. 1986. Checklist of micro-
organisms associated with tree seeds in the
world, 1985. USDA Forest Service, Southeast-
ern Forest Exp. Sta., General Technical Report
SE-39. 34p.

Domsch, K. H., W. Gams and T. H. Andersen.
1980. Compendium of soil fungi. Academic
Press, London. 859p.

• Dumroese, R. K. and D. L. Wenny. 1995.
Growing western larch in a container nursery.
In: Schmidt, W. C. and K. J. McDonald
(compilers). Ecology and Management of Larix
Forests: A Look Ahead. Proceedings of an

• International Symposium. USDA Forest
Service, Intermountain Res. Sta., General
Technical Report GTR-INT-319. pp. 213-219.

Ellis, M. B. 1971. Dematiaceous Hypomycetes.
The Commonweath Mycological Institute.
Kew, Surrey, England. 609p.

Fisher, N. L., L. W. Burgess, T. A. Toussoun and
P. E. Nelson. 1982. Carnation leaves as a
substrate and for preserving cultures of species.
Phytopatho logy 72:151-153.

Hagle, S. K. and C. G. Shaw III. 1991. Avoiding
and reducing losses from Armillaria root
disease. In: Shaw, C. G. III and G. A. Kile
(eds.). Armillaria Root Disease. USDA Forest
Service, Agricultural Handbook 691. pp.
157-173.

James, R. L. 1983a. Characterization of Phoma
species on red fir seedlings from the Humboldt
Nursery, California. USDA Forest Service,
Northern Region, Forest Pest Mgt., Nursery
Disease Notes No. 1. 6p.

James, R. L. 1983b. Phoma blight of conifer
seedlings. USDA Forest Service, Northern
Region, Forest Pest Mgt., Nursery Disease
Notes No. 3. 8p.

James, R. L. 1984. Biology and management of
Botrytis blight. In: Murphy,P. M. (compiler).
The Challenge of Producing Native Plants for
the Intermountain Area. Proceedings:
Intermountain Nurseryman's Association 1983
Conference. USDA Forest Service,

Barnett, H. L. and B. B. Hunter. 1972. Illustrated
genera of the imperfect fungi. Burgess Publ.

• Co., Minneapolis, MN. 241p.

Carlson, C. E., J. W. Byler and J. E. Dewey.
1995. Western larch: pest-tolerant conifer of
the Northern Rocky Mountains. In: Schmidt,

• W. C. and K. J. McDonald (compilers).
Ecology and Management of Larix Forests: A
Look Ahead. Proceedings of an International
Symposium. USDA Forest Service, Intermoun-
tain Res. Sta., General Technical Report GTR-

•
	 INT-319. pp. 155-157.

•
11



•

•

•

Intermountain Forest & Range Exp. Sta.,
General Technical Report INT-168. pp. 39-43.

James, R. L. 1985. Characteristics of Phoma
herbarum isolates from diseased forest tree
seedlings. USDA Forest Service, Northern
Region, Forest Pest Mgt., Nursery Disease
Notes No. 22. 6p.

James, R. L. 1986a. Diseases of conifer seedlings
caused by seed-borne Fusarium species. In:
Shearer, R. C. (compiler). Proceedings: Conifer
Tree Seed in the Inland Mountain West

• Symposium. USDA Forest Service,
Intermountain Res. Sta., General Technical
Report INT-203. pp. 267-271.

James, R. L. 1986b. Fusarium root diseases of
containerized Douglas-fir, western larch, and
lodgepole pine seedlings at the Champion
Timberlands Nursery, Plains, Montana. USDA
Forest Service, Northern Region, Forest Pest
Mgt., Nursery Disease Notes No. 29. 3p.

James, R. L. 1986c. Occurrence of Fusarium on
western larch seed from the Nishek Nursery,
Bonners Ferry, Idaho. USDA Forest Service,
Northern Region, Forest Pest Mgt., Nursery
Disease Notes No. 30. 3p.

James, R. L. 1987a. Containerized western larch
seedling mortality, USDA Forest Service
Nursery, Coeur d'Alene, Idaho. USDA Forest
Service, Northern Region, Forest Pest Mgt.,
Report 87-11. 7p.

James, R. L. 1987b. Occurrence of Fusarium on
conifer tree seed from Northern Rocky
Mountain nurseries. In: Landis, T. D. (tech.
coord.). Proceedings: Combined Western Forest

• Nursery Council and Intermountain Nursery
Association Meeting. USDA Forest Service,
Rocky Mountain Forest and Range Exp. Sta.,
General Technical Report RM-137. pp.
109-114.

•
James, R. L. 1988a. Fungal colonization of

western larch seed - North Woods Nursery, Elk

River, Idaho. USDA Forest Service, Northern
Region, Forest Pest Mgt., Nursery Disease
Notes No. 69. 4p.

James, R. L. 1988b. Rust of western larch cones
- USDA Forest Service Nursery, Coeur d'Alene,
Idaho. USDA Forest Service, Northern Region,
Forest Pest Mgt., Nursery Disease Notes No. 75.
2p.

James, R. L. 1990. Fungal contamination of
western larch seed - North Woods Nursery, Elk
River, Idaho. USDA Forest Service, Northern
Region, Forest Pest Mgt., Nursery Disease
Notes No. 112. 4p.

James, R. L. and D. Genz. 1982. Evaluation of
fungal populations on ponderosa pine seed.
USDA Forest Service, Northern Region, Forest
Pest Mgt., Report 82-22. 21p.

James, R. L. and D. Genz. 1983. Fungicide tests
to control Botrytis blight of containerized
western larch at the Champion Timberlands
Nursery, Plains, Montana. USDA Forest
Service, Northern Region, Forest Pest Mgt.,
Report 83-12. 8p.

James, R. L. and P. B. Hamm. 1985.
Chlamydospore-producing species of Phoma
from conifer seedlings in Pacific Northwest
forest tree nurseries. Proceedings of the
Montana Academy of Sciences 45:26-36.

James, R. L. and J. Y. Woo. 1987. Pathogenicity
of Alternaria alternata on young Douglas-fir and
Engelmann spruce germlings. USDA Forest
Service, Northern Region, Forest Pest Mgt.,
Report 87-9. 4p.

James, R. L., R. K. Dumroese and D. L. Wenny.
1991. Fusarium diseases of conifer seedlings.
In: Sutherland, J. R. and S. G. Glover (eds.).
Proceedings of the first meeting of IUFRO
Working Party S2.07-07 (Diseases and Insects
in Forest Nurseries). Forestry Canada. Pacific
and Yukon Region. Information Report
BC-X-331. pp. 181-190.

•

•

•

•

•
12



James, R. L., R. K. Dumroese and D. L. Wenny.
1995. Management of fungal diseases of
western larch seed and seedlings. In: Schmidt,
W. C. and K. J. McDonald (compilers).
Ecology and Management of Larix Forests: A
Look Ahead: Proceedings of an International
Symposium. USDA Forest Service,
Intermountain Res. Sta., General Technical
Report GTR-INT-319. pp. 300-306.

James, R. L., J. Y. Woo and J. F. Myers. 1982.
Evaluation of fungicides to control Botrytis
blight of containerized western larch and

• lodgepole pine seedlings at the Coeur d'Alene
Nursery, Idaho. USDA Forest Service, Northern
Region, Forest Pest Mgt., Report 82-17. 13p.

James, R. L., C. J. Gilligan, R. K. Dumroese and
D. L. Wenny. 1988. Microwave treatments to
eradicate seedborne fungi on Douglas-fir seed.
USDA Forest Service, Northern Region, Forest
Pest Mgt., Report 88-7. 8p.

Keegan, C. E. III, K. A. Blatner and D. P.
• Wichman. 1995. Use and value ofwestern larch

as a commercial timber species. In: Schmidt,
W. C. and K. J. McDonald (compilers).
Ecology and Management of Larix Forests: A
Look Ahead: Proceedings of an International

• Symposium. USDA Forest Service,
Intermountain Res. Sta., General Technical
Report GTR-INT-319. pp. 155-157.

Komada, H. 1975. Development of a selective
medium for quantitative isolation of Fusarium
oxysporum from natural soil. Review Plant
Protection Research (Japan) 8:114-125.

Mason, G. N. and E. P. Van Arsdel. 1978. Fungi
associated with Pinus taeda seed development.

• Plant Disease Reporter 62:864-867.

Neergaard, P. 1977. Seed pathology. John Wiley
& Sons, New York. 1187p.

• Nelson, P. E., T. A. Toussoun and W. F. 0.
Marasas. 1983. Fusarium species: an
illustrated manual for identification. The

•

•

•

•

Pennsylvania State University Press, University
Park. 193p.

Raper, K. B. and C. Thom. 1949. A manual of
the Penici Wilkins Company, Baltimore, MD.
534p.

Schmidt, W. C. and R. C. Shearer. 1995. Larix
occidentalis: a pioneer of the North American
West. In: Schmidt, W. C. and K. J. McDonald
(compilers). Ecology and Management of Larix
Forests: A Look Ahead: Proceedings of an
International Symposium. USDA Forest
Service, Intermountain Res. Sta., General
Technical Report GTR-INT-319. pp. 33-37.

Schubert, G. H. 1960. Fungi associated with
viability losses of sugar pineseed storage.
Proceedings of the Society of American
Foresters 1960:18-21.

Shearer, R. C. 1984. Influence of insects on
Douglas-fir (Pseudotsuga menziesii) and
western larch (Larix occidentalis) cone and seed
production in western Montana. In: Proceedings
of the cone and seed insects working party
conference; IUFRO Working Party S2.07-01.
USDA Forest Service, Southeastern Forest Exp.
Sta. pp. 112-121.

Shearer, R. C. and L. J. Theroux. 1986. Insects
and frost limit cone production of Larix
occidentalis. In: Rogues, A. (compiler).
Proceedings of the second conference of the
cone and seed insects working party; IUFRO
Working Party S2.07-01. I.N.R.A., Station de
Zoologie Forestiere. pp. 205-215.

Simak, M. 1984. A method for removal of
filled-dead seeds from a sample of Pinus
contorta. Seed Science and Technology
12:767-776.

Snedecor, G. W. and W. G. Cochran. 1989.
Statistical methods. 8th edition. The Iowa State
University Press. Ames, Iowa.

•

•
13



Urosevic, B. 1961. The influence of saprophytes
and semi-parasitic fungi on the germination of
Norway spruce and Scots pine seeds.
Proceedings of the International Seed Testing
Association. 26(3):537-555.

Wenny, D. L. and R. K. Dumroese. 1987.
Germination of conifer seeds surface sterilized
with bleach. Tree Planters' Notes 38(3):18-21.

14


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

